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ATSC Standard:
Physical Layer Protocol

1. SCOPE

This Standard describes the RF/Transmission of a physical layer waveform. This waveform
enables flexible configurations of physical layer resources to target a variety of operating modes.
The intent is to signal the applied technologies and allow for future technology adaptation.

1.1 Introduction and Background

The ATSC physical layer protocol is intended to offer far more flexibility, robustness and efficient
operations than the ATSC A/53 standard, and as a result it is non-backwards compatible with A/53.
This physical layer allows broadcasters to choose from among a wide variety of physical layer
parameters for personalized broadcaster performance that can satisfy many different broadcaster
needs. There is the capability to have high-capacity/low-robustness and low-capacity/high-
robustness modes in the same emission. Technologies can be selected for special use cases like
Single Frequency Networks, Multiple Input Multiple Output channel operation, channel bonding
and more, well beyond a single transmitting tower. There is a large range of selections for
robustness including, but not limited to, a wide range of guard interval lengths, forward error
correction code lengths and code rates.

Significant flexibility comes from a signaling structure that allows the physical layer to change
technologies and evolve over time, while maintaining support of other ATSC systems. The starting
point of this change is a physical layer offering highly spectral efficient operation with strong
robustness across many different modes of operation.

1.2 Organization
This document is organized as follows:
e Section 1 — The scope of this document and general introduction
e Section 2 — References and applicable documents
e Section 3 — Definition of terms, acronyms, and abbreviations used
e Section 4 — System overview
e Section 5 — The specification in detail for the Input Formatting part
e Section 6 — The specification in detail for the Bit-Interleaved Coded Modulation part
e Section 7 — The specification in detail for the Framing and Interleaving part
e Section 8 —The specification in detail for the Waveform Generation part
e Section 9 — The specification in detail for the Physical Layer Signaling
e Annex A— LDPC Codes
e Annex B— Bit Interleaver sequences
e Annex C— Constellation Definitions and Figures
e Annex D- Continual Pilot (CP) Patterns
e Annex E- Scattered Pilot (SP) Patterns
e Annex F— Number of Active Carriers in Subframe Boundary Symbols
e Annex G- Tone Reservation Carrier Indices
e Annex H- Preamble Parameters for Bootstrap

1
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e Annex I- Total Symbol Power

e Annex J- MISO

e Annex K- Channel Bonding of multiple RF channels
e Annex L- MIMO

e Annex M- PAPR Reduction Algorithms (Informative)
e Annex N- Transmitter Identification (TxID)

e Annex O — Combination of LDM and MIMO

2. REFERENCES

All referenced documents are subject to revision. Users of this Standard are cautioned that newer
editions might or might not be compatible.

2.1 Normative References

The following documents, in whole or in part, as referenced in this document, contain specific

provisions that are to be followed strictly in order to implement a provision of this Standard.

[1] IEEE: “Use of the International Systems of Units (SI): The Modern Metric System,” Doc. SI
10, Institute of Electrical and Electronics Engineers, New York, NY.

[2] ATSC: “ATSC Standard: System Discovery and Signaling,” Doc. A/321:2026-04, ATSC,
Washington, DC, 14 April 2026.

[3] ATSC: “ATSC Standard: Link-Layer Protocol,” Doc. A/330:2026-04, ATSC, Washington,
DC, 14 April 2026.

[4] ATSC: “ATSC Standard: Scheduler / Studio-Transmitter Link,” Doc. A/324:2026-04, ATSC,
Washington, DC, 14 April 2026.

[5] IEEE: “IEEE Standard for a Precision Clock Synchronization Protocol for Networked

Measurement and Control Systems,” Doc. 1588, Institute of Electrical and Electronics
Engineers, New York, NY, approved 27 March 2008.

3. DEFINITION OF TERMS

With respect to definition of terms, abbreviations, and units, the practice of the Institute of
Electrical and Electronics Engineers (IEEE) as outlined in the Institute’s published standards [1]
shall be used. Where an abbreviation is not covered by IEEE practice or industry practice differs
from IEEE practice, the abbreviation in question will be described in Section 3.3 of this document.

3.1 Compliance Notation

This section defines compliance terms for use by this document:

shall — This word indicates specific provisions that are to be followed strictly (no deviation is
permitted).

shall not — This phrase indicates specific provisions that are absolutely prohibited.

should — This word indicates that a certain course of action is preferred but not necessarily
required.

should not — This phrase means a certain possibility or course of action is undesirable but not
prohibited.
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3.2 Treatment of Syntactic Elements

This document contains symbolic references to syntactic elements used in the audio, video, and
transport coding subsystems. These references are typographically distinguished by the use of a
different font (e.g., restricted), may contain the underscore character (e.g., sequence_end_code) and
may consist of character strings that are not English words (e.g., dynrng).

3.2.1 Reserved Elements

One or more reserved bits, symbols, fields, or ranges of values (i.e., elements) may be present in
this document. These are used primarily to enable adding new values to a syntactical structure
without altering its syntax or causing a problem with backwards compatibility, but they also can
be used for other reasons.

The ATSC default value for reserved bits is ‘1°. There is no default value for other reserved
elements. Use of reserved elements except as defined in ATSC Standards or by an industry
standards setting body is not permitted. See individual element semantics for mandatory settings
and any additional use constraints. As currently-reserved elements may be assigned values and
meanings in future versions of this Standard, receiving devices built to this version are expected
to ignore all values appearing in currently-reserved elements to avoid possible future failure to
function as intended.

3.3 Acronyms, Abbreviations and Mathematical Operators

The following acronyms and abbreviations are used within this document.
8K 8192 point FFT size

16K 16384 point FFT size

32K 32768 point FFT size

ACE Active Constellation Extension
ALP ATSC Link-layer Protocol

AP Additional Parity

AWGN  Additive White Gaussian Noise
BBP BaseBand Packet

BCH Bose, Chaudhuri, Hocquenghem
BICM Bit-Interleaved Coded Modulation
BIL Bit InterLeaver

bpcu bits per cell unit

BPSK Binary Phase Shift Keying

BSID Broadcast Stream ID

BSR Baseband Sampling Rate

CDL Convolutional Delay Line

CL Core Layer

Cod Code rate

CP Continual Pilot

CRC Cyclic Redundancy Check
CTI Convolutional Time Interleaver
dB deciBel

DC Direct Current
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DRC
DSBSS
EL
FEC
FI
FBSR
FDM
FFT
FIFO
GI
HTI
IF
IFFT
ISO
IU

L1
LDM
LDPC
LLS
LPF
LSB
Mbps
MHz
MIMO
MISO
Mod
MSB

N/A
NoA
NoC
NUC
OFDM
OFI
OTA
PAM
PAPR
PH
PLP
PRBS
PTP
QAM

Dedicated Return Channel

Direct Sequence Buried Spread Spectrum
Enhanced Layer

Forward Error Correction
Frequency Interleaver

FeedBack Shift Register
Frequency Division Multiplexing
Fast Fourier Transform
First-In-First-Out

Guard Interval

Hybrid Time Interleaver
Interleaving Frame

Inverse Fast Fourier Transform
International Organization for Standardization
Interleaving Unit

Layer 1

Layered Division Multiplexing
Low Density Parity Check

Low Level Signaling

Low Pass Filter

Least Significant Bit

Megabits per second

Megahertz

Multiple Input Multiple Output
Multiple Input Single Output
Modulation

Most Significant Bit

milliseconds

Not Allowed

Number of Active (cells)
Number of (useful) Carriers
Non-Uniform Constellation
Orthogonal Frequency Division Multiplexing
Optional Field Indicator

Over The Air

Pulse Amplitude Modulation
Peak-to-Average Power Ratio
Phase Hopping

Physical Layer Pipe

Pseudo Random Binary Sequence
Precision Time Protocol
Quadrature Amplitude Modulation
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QPSK  Quadrature Phase Shift Keying

RF Radio Frequency
RFU Reserved for Future Use
SBS Subframe Boundary Symbol

SFN Single Frequency Network
SIMO Single Input Multiple Output
SISO Single Input Single Output
SNR Signal-to-Noise Ratio

SP Scattered Pilot

STL Studio-to-Transmitter Link
TAI International Atomic Time
TBI Twisted Block Interleaver
TDM Time Division Multiplexing
TI Time Interleaver

TR Tone Reservation

TxID Transmitter Identification
XOR eXclusive OR

Lx] The greatest integer less than or equal to X
3.4 Terms

The following terms are used within this document.
Base Field — The first portion of a Baseband Packet Header.

Baseband Packet — A set of Kpuyioaa bits which form the input to a FEC encoding process. There
is one Baseband Packet per FEC Frame.

Baseband Packet Header — The header portion of a Baseband Packet.

Block Interleaver — An interleaver where the input data is written along the rows of a memory
configured as a matrix, and read out along the columns.

Broadcast Stream ID (BSID) — A 16-bit value that identifies the aggregate contents of a broadcast
signal. Each transmitted signal that is unique (has content that is different from another signal)
has a unique BSID; e.g., a signal translated onto a different frequency has the same BSID.

Cell — One set of encoded I/Q components in a constellation.

Cell Interleaver — An interleaver operating at the cell level.

Combined PLP — A PLP after processing by the LDM injection block.

Concatenated Code — A code having an Outer Code followed by an Inner Code.
Constellation — A set of encoded (I component/Q component) points in the I/Q plane.

Core Layer — The first layer of a 2-layer LDM system. The only layer in a non-LDM system.
Core PLP — A PLP belonging to the Core Layer.

Data Payload Symbols — Data and Subframe Boundary Symbols (i.e. non-Preamble symbols).
Enhanced Layer — The second layer of a 2-layer LDM system.

Enhanced PLP — A PLP belonging to the Enhanced Layer.

Extension Field — The third portion of a Baseband Packet Header.

FEC Frame — A single Baseband Packet with its associated FEC parity bits attached, having a
total size of 64800 or 16200 bits (per FEC Frame).
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FEC Block — A FEC Frame after mapping to cells.

Frame — A series of bootstrap and post-bootstrap OFDM symbols (consisting of Preamble and
one or more subframes) extending from the center of the leading edge of the first sample of
the first symbol of a bootstrap to the identical point in the immediately succeeding bootstrap.'

Frequency Interleaver — An interleaver which takes cells and interleaves them over a particular
symbol.

Interleaver — A device used to counteract the effect of burst errors.

Inner Code — One code of a Concatenated Code system.

Layered Division Multiplexing — A multiplexing scheme where multiple PLPs are combined in
layers with a specific power ratio.

Layered MIMO — The combination of LDM and MIMO.

Layered MIMO Type A — A mode of operation in which MIMO and LDM both are active and
MIMO is applied to both the Core and Enhanced Layers (see Annex O).

Layered MIMO Type B — A mode of operation in which MIMO and LDM both are active and
MIMO is applied only to the Enhanced Layer, meaning that the associated Core Layer operates
in a SISO configuration (see Annex O).

MIMO (Multiple-Input Multiple-Output) — A technique that allows a higher spectral efficiency
and/or a higher transmission robustness, when compared to a single-path (SISO) system,
through addition of spatial diversity and multiplexing over two distinct paths between antennas
at a transmitter and a receiver (see Annex L).

MIMO mode — A transmission mode in which a PLP is configured to create two transmitter signal
paths that ultimately feed a pair of cross-polarized transmitting antennas (see Annex L).

ModCod — A combination of modulation and code rate that together determine the robustness of
the PLP and the size of the Baseband Packet.

Non-Uniform Constellation — A constellation with a non-uniform spread of constellation points.

Optional Field — The second portion of a Baseband Packet Header.

Outer Code — One code of a Concatenated Code system.

Physical Layer Pipe — A structure specified to an allocated capacity and robustness that can be
adjusted to broadcaster needs.

Polarization — The orientation of the electric field vector of a radiated electromagnetic (radio)
wave with respect to the horizon as seen from the antenna, the orientation of the wave emitted
from which is described. Such orientation can be fixed linear (i.e., planar) or rotating with time
(i.e., circular).

Preamble — The portion of the Frame that carries L1 signaling data for the Frame.

SISO (Single-Input Single-Output) — A transmission system configuration in which only a single
path is created between a transmitting antenna and a receiving antenna (as opposed to MIMO,
in which two or more paths are created between antennas).

! Note: post-bootstrap OFDM symbol constituents (i.e., a Preamble and one or more Subframes)
included in the Frame definition herein relate specifically to the post-bootstrap Frame structure
described in this standard. Other post-bootstrap structures are possible if signaled by different
parameter values in the bootstrap.
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Subframe — A series of post-bootstrap, non-Preamble OFDM symbols having the same FFT size,
GI length, and number of useful carriers (NoC), and sharing a common scattered pilot pattern,
all of which may be placed between optional boundary symbols.

Systematic — A property of a code in which the codeword is composed of the original data in its
sequential order followed by the parity data for the codeword.

Time Information Position — The instant at the center of the leading edge of the first sample of
the first symbol of a bootstrap.

Time Interleaver — An interleaver which takes cells and interleaves them over a particular time
period.

TI Block — An integer number of FEC Blocks.

Twisted Block Interleaver — An interleaver that performs intra-Subframe interleaving by
interleaving TI Blocks.

reserved — Set aside for future use by a Standard.

4. SYSTEM OVERVIEW

4.1 Features

The ATSC physical layer protocol is intended to offer the flexibility to choose among many
different operating modes depending on desired robustness/efficiency tradeoffs. It is built on the
foundation of OFDM modulation with a suite of LDPC FEC codes, of which there are 2 code
lengths and 12 code rates defined. There are three basic modes of multiplexing: time, layered and
frequency, along with three transmission modes of SISO, MISO and MIMO. Signal protection
starts with 12 selectable guard interval lengths to offer long echo protection lengths. Channel
estimation can be done with 16 scattered pilot patterns along with continual pilot patterns. Three
FFT sizes (8K, 16K and 32K) offer a choice of Doppler protection depending on the anticipated
device mobility.

Supported bit rates in a 6MHz channel range from less than 1Mbps in the lowest-capacity
most-robust mode, up to over 57Mbps when using the highest-capacity parameters. Data are
carried in Physical Layer Pipes (PLPs), which are data structures that can be configured for a wide
range of trade-offs between signal robustness and channel capacity utilization for a given data
payload. Multiple PLPs can be used to carry different streams of data, all of which are required to
assemble a complete delivered product. In addition, data streams required to assemble multiple
delivered products can share PLPs if those data streams are to be carried with the same levels of
robustness. Combinations of data streams necessary to assemble a particular delivered product are
limited to carriage on a maximum of 4 PLPs. These capabilities enable scenarios such as robust
audio, video, enhanced video, and application data each being sent on an individual PLP at
different robustness levels. For channel impairment mitigation, the time interleaver can be
configured for intra-Subframe interleaving up to 200 ms (up to 400 ms in some limited modes
using extended interleaving) and larger depths in inter-Subframe interleaving for low-bit rate
streams. Frequency interleaving can be used throughout the channel bandwidth on a per symbol
basis to separate burst errors in the frequency domain.

These pieces of technology are combined in an order described in the next section. The purpose
of the physical layer is to offer a wide range of tools for broadcasters to choose the operating
mode(s) that best fits their needs and targeted devices. This toolbox of technology is expected to
grow over time and the ability to upgrade or swap out new technology is enabled with the extensive



ATSC A/322:2026-04 Physical Layer Protocol 14 April 2026

and extensible signaling in the Preamble. Broadcasters will have the ability to try new technologies
out without breaking an existing service.

The bootstrap, as described in [2], shows that each Frame can be different, including non-
ATSC related signals. The time of the next similar Frame is signaled so that the existing service
can continue. This standard describes the physical layer downlink signals after the bootstrap.

4.2 System Architecture

A block diagram of the main data flow for the total transmitter system architecture is shown in
Figure 4.1. The system architecture consists of four main parts: Input Formatting, Bit-Interleaved
Coded Modulation (BICM), Framing and Interleaving, and Waveform Generation. For simplicity,
control and signaling information flow is not shown in this diagram.
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Figure 4.1 Block diagram of the system architecture for one RF channel.

In this specification, Input Formatting is described in Section 5, BICM is described in Section
6, LDM Combining in Section 6.4, Framing and Interleaving in Section 7, and Waveform
Generation in Section 8. The signaling required to configure all of the blocks is described in
Section 9. MIMO Precoding is described in Annex L.

Not all blocks are used in each configuration. In Figure 4.1 the solid lines show blocks common
to all configurations, dotted lines show blocks specific to LDM and dashed lines show blocks
specific to MIMO.

If LDM and MIMO are used together (i.e., in a Layered MIMO configuration), MIMO
Precoding shall precede LDM Combining. The combined use of LDM and MIMO is described in
Annex O.

Although not shown in Figure 4.1, there is an SFN/STL distribution interface located between
the Scheduling and Baseband Framing blocks. The definition of interface format for SFNs and
transmission from the studio to the tower is defined in [4].

A key concept in the Input Formatting and BICM blocks is the PLP (Physical Layer Pipe)
which is a stream of data encoded with a specific modulation, code rate and length. Figure 4.2 and
Figure 4.3 show simplified block diagrams when there is only a single PLP (Figure 4.2) and when
there are 4 PLPs (Figure 4.3), respectively. For each PLP a separate Input Formatting and BICM
block is used. It is noted that after the Framing and Interleaving block there is only one stream of
data, as the PLPs have been multiplexed onto OFDM symbols and then arranged in Frames.
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Figure 4.2 Block diagram (simplified) of a single PLP system architecture.
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Figure 4.3 Block diagram (simplified) of a multiple PLP system architecture.

Although there are multiple methods of multiplexing the input data supported in this standard,
two are described very briefly in this section, specifically Time Division Multiplexing (TDM) and
Layered Division Multiplexing (LDM). The system architecture block diagrams for these two
methods show how the overall system architecture diagram can be simplified for specific
configurations.

In the TDM system architecture there are four main blocks: Input Formatting, Bit-Interleaved
Coded Modulation (BICM), Framing and Interleaving and Waveform Generation. Input data is
formatted in the Input Formatting block, and forward error correction applied and mapped to
constellations in the BICM block. Interleaving, both time and frequency, and Frame creation are
done in the Framing and Interleaving block. It is in this block that the time division multiplexing
of the multiple PLPs is done. Finally, the output waveform is created in the Waveform Generation
block. The TDM system architecture can be realized using the simplified block diagram shown in
Figure 4.3.
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Figure 4.4 Block diagram (simplified) of the LDM system architecture.

In the LDM system architecture, shown in the simplified block diagram in Figure 4.4, in
addition to the four blocks that have already been shown in the TDM system, there is an additional
block LDM Combining. Before this block there are two corresponding Input Formatting and
BICM blocks, one for each of the two LDM layers. After combining the data from each layer, the
data passes through the Framing and Interleaving block followed by the Waveform Generation
block.

This standard also offers the option to use multiple RF channels through channel bonding,
described in Annex K and shown graphically in Figure 4.5. Compared to the TDM architecture, at
the transmitter side there is an additional block, Stream Partitioning. The high data rate input
stream is partitioned in this block into two separate streams, each passing through a BICM,
Framing and Interleaving and Waveform Generation block. Each stream is output onto a separate
RF channel. At the receiver side, the outputs of the two RF channels are then combined to achieve
greater data rates than can be achieved in one RF channel alone.

Input =<0 and Framing & Waveform @
- o L » | »| Coded Modulation g Ly ; > S
Formatting Interleaving Generation i
oo (BICM) =
&5 =
= =
B =
& ]
& 4
[J] (J]
= =
» Bit Interleaved and 2. T ;
—» Coded Modulation ¥ g. > . >3
(BICM) Interleaving Generation

Figure 4.5 Block diagram (simplified) of a channel bonded system.

4.3 Central Concepts
This standard has two concepts at its core: flexibility and efficiency.

10
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For flexibility, the number of modulation and coding combinations offers a breadth of choice
for operating point that have not been available in any previous broadcasting standard. Multiple
multiplexing methods give options to the broadcaster to configure the transmission chain like never
before. Individual blocks may be turned on and off with an extensive set of signaling. Furthermore,
this standard has allowed “room to grow” as technologies evolve so that the standard may be
extended in the future.

For efficiency, new forward error correcting options with the adoption of non-uniform-
constellations has brought the operation of the BICM closer to the theoretical Shannon Limit;
offering over 1dB of gain compared to the use of uniform constellations using the same operating
parameters.

5. INPUT FORMATTING

The input formatting consists of three blocks: encapsulation and compression of data, baseband
framing and the scheduler. This is shown in Figure 5.1. The dotted line represents the flow of
control information, while the solid lines represent the flow of data.

The encapsulation and compression operation of data is described in detail in Section 5.1, the
operation of the scheduler is described in [4], and the Baseband Packet construction is described
in Section 5.2.

Input Formatting
Control Information
Scheduler  [--oreeraeins "
y - \ :
h 4
Encapsulation K Baseband Baseband
Data > P and AI;P PR —> Formattin > P Packets
Compression ariiw & for PLPO
\ 4
E lati B
. gestiation ALP Packets o Baseband g o aseband
Data > P and for PLP1 @ > attin | P Packets
Compression or g for PLP1
\ 4
Encapsulation A Baseband Baseband
Data | | and acker @ —P . > P Packets
. for PLPn Formatting
Compression for PLPn

Figure 5.1 Block diagram of input formatting.

5.1 Encapsulation and Compression

Input data packets shall be formatted according to the [3] specification in this block, including all
necessary encapsulation and compression of the input data. The output packets are called ALP
(ATSC Link-layer Protocol) packets.

11
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The length of each ALP packet is variable and can be extracted from the ALP packet header.
The maximum length of any single ALP packet, including all headers and data, shall be as defined
and constrained as in [3].

5.1.1  Number of PLPs

The maximum number of PLPs in each RF channel (6, 7 or 8 MHz) shall be 64. The minimum
number of PLPs in an RF channel shall be one. The maximum number of PLPs in a Frame carrying
content requiring simultaneous recovery to assemble a single delivered product shall be four,
subject to the constraints described in Section 7.1.2. Note that Low Level Signaling (LLS) is one
component of a delivered product.

5.2 Baseband Formatting

The baseband formatting block, shown in Figure 5.2, consists of three blocks, Baseband Packet
Construction, Baseband Packet Header Addition and Baseband Packet Scrambling. The baseband
formatting block creates one or more PLPs as directed by the Scheduler. At the output of the
baseband formatting block, each PLP consists of a stream of Baseband Packets and there is exactly
one Baseband Packet per defined FEC Frame.

Baseband Formatting

ALP Packets Baseband Baseband Baseband Baseband Packets
for PLPn » Packet Packet Header Packet ——> ——» for PLPn
Construction Addition Scrambling

A 4
A\ 4
A\ 4

Figure 5.2 Block diagram of baseband formatting.

The mapping operation of ALP packets to Baseband Packets is described in Section 5.2.1, the
Baseband Packet Header construction is described in Section 5.2.2 and the scrambling of the entire
Baseband Packet is described in Section 5.2.3.

5.2.1 Mapping ALP Packets to Baseband Packets

A Baseband Packet shall consist of a header, described in Section 5.2.2, and a payload containing
ALP packets, shown in Figure 5.3. Padding, if present, shall be added to the Baseband Packet
Header. Baseband Packets have fixed length Kyayi0aq, with the length determined by the outer code
type, inner code rate and code length chosen for the target PLP. For specific values of Kpayioad , S€€
Table 6.1 and Table 6.2.

ALP packets shall be mapped to the payload part in the same order they are received. The
reordering of ALP packets in the Baseband Packet is not permitted. When the received ALP
packets are not sufficient to create a Baseband Packet of size Kpayioaa, padding shall be added to
the Baseband Packet Header to complete the Baseband Packet. See Section 5.2.2.3.2 for details.

When the received ALP packets are enough to fill the Baseband Packet but the last ALP packet
does not fit perfectly within the Baseband Packet, that ALP packet may be split between the current
Baseband Packet with the remainder of the ALP packet transmitted at the start of the next Baseband
Packet. When splitting is used, ALP packets shall be split in byte units only. When the final ALP
packet in the Baseband Packet is not split, padding shall be used in the extension field of the
Baseband Packet Header to completely fill the Baseband Packet. In Figure 5.3 the final ALP packet
is split between the current Baseband Packet and the next Baseband Packet.

12
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STTT T

Baseband Packet

Header Payload

Base Field Optional Field

Figure 5.3 Baseband Packet structure showing Header, Payload and mapping
example of ALP packets to a Baseband Packet.

5.2.2 Baseband Packet Header

The Baseband Packet Header shall be composed of up to three parts, illustrated in Figure 5.3 and
with more detail in Figure 5.4. The first part is called the Base Field and appears in every packet.
The second part is called the Optional Field. The third part is called the Extension Field. The order
of the fields shall be Base, Optional and Extension. The Optional Field may be used to provide
signaling regarding the following Extension Field. When Extension Fields are used, the Optional
Field shall always be present.

13
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Base Field Optional Field Payload
1 or 2 byte(s) 1 or 2 byte(s)
! 1 byte (8bits) D 1 byte (8bits) . 1 byte (8bits) o 1 byte (8bits
| |
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MODE]| |
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|
: 0 Pointer (LSB)
| (7b)
|
1|1 Pointer (LSB) Pointer (MSB) OFI
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Figure 5.4 Baseband Packet Header structure details.

5.2.2.1 Base Field

Since ALP packets may be split across Baseband Packets, the start of the payload of a Baseband
Packet does not necessarily signify the start of an ALP packet. The Base Field of a Baseband
Packet shall provide the start position of the first ALP packet that begins in the Baseband Packet
through a pointer.

The value of the pointer shall be the offset (in bytes) from the beginning of the payload to the
start of the first ALP packet that begins in that Baseband Packet. When an ALP packet begins at
the start of the payload portion of a Baseband Packet, the value of the pointer shall be 0. When
there is no ALP packet starting within that Baseband Packet, the value of the pointer shall be 8191
and a 2 byte Base Field shall be used. When there are no ALP packets and only padding is present,
the value of the pointer shall also be 8191 and a 2 byte Base Field shall be used, together with any
necessary Optional Fields and Extension Fields as signaled by the OFI (Optional Field Indicator)
field.

Signaling of the Base Field is as defined below:

MODE - This field shall indicate whether the Base Field has a length of one byte (MODE=0) or two
bytes (MODE=1), and shall thus indicate the absence or presence of the upper 6 MSB bits of the
pointer field and the oFl field.

When MODE=0 the pointer value shall be strictly less than 128 bytes. The pointer field length
shall be 7 bits and the value of the pointer shall be transmitted in Pointer_LSB only. Within
Pointer_LSB the bits shall be ordered from most significant bit to least significant bit. The
length of the Base Field shall be one byte and no Optional Field and Extension Field shall
be used.

14
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When MODE=1 the pointer field length shall be 13 bits and the pointer field shall consist of a
concatenation of the fields Pointer_LSB and Pointer_MSB in the base field. Within both
Pointer_LSB and Pointer MSB the bits shall be ordered from most significant bit to least
significant bit. The length of the Base Field shall be two bytes and the use of optional and
extension fields shall be allowed. Note the order of the concatenation shall be as shown in
Figure 5.4, with the lowest 7 bits (LSB) concatenated with the upper 6 bits (MSB). For
example, if the decimal value of the pointer is 130, MODE=1 and the lower 7 bits of the
pointer (0000010) shall be concatenated with the upper 6 bits of the pointer (000001) to
give the output of the Baseband Packet Header as 10000010 00000100, assuming OFI=0.

Pointer_LSB - This field shall be the 7 least significant bits of the pointer field.
Pointer_MSB - This field shall be the 6 most significant bits of the (13-bit) pointer field.
OFI - This field shall indicate the Baseband Packet Header extension mode, specified in Table 5.1 .

Table 5.1 OFI Description

OFI Description
00 |No Extension Mode:
Absence of both Optional and Extension Fields

01 [Short Extension Mode:
Presence of the Optional Field, with length equal to 1 byte.

10 |Long Extension Mode:
Presence of the Optional Field, with length equal to 2 bytes.

11 |Mixed Extension Mode
Presence of the Optional Field, with length equal to 2 bytes

5.2.2.2 Optional Field

The Optional Field shall only be present when OFI is set to ‘01°, “10” or ‘11°. When OFI=01 it is
known as Short Extension Mode and is defined in Section 5.2.2.2.1. When OFI =10 it is known as
Long Extension Mode and is defined in Section 5.2.2.2.3. When OFI =11 it is known as Mixed
Extension Mode and is defined in Section 5.2.2.2.3.

5.2.2.21 Short Extension Mode

The Extension Field shall be composed according to the EXT_TYPE and EXT_LEN fields in the
Optional Field. When the actual length of the signaled extension type is shorter than what is
indicated by EXT_LEN, padding consisting of 0x00 shall be used to fill up the missing bytes as
defined in Section 5.2.2.3.2.
The following fields shall be present:
EXT_TYPE: This field shall indicate the type of the extension transmitted in the Extension Field, as
defined in Table 5.2. Only one extension type per Baseband Packet shall be used.
EXT_LEN: This field shall indicate the length in bytes of the Extension Field in the range 0-31 bytes.
When EXT_LEN =0 this implies that no Extension Field is present.

52222 Long Extension Mode

The Extension Field shall be composed according to the EXT_TYPE and EXT_LEN (LSB) concatenated
with EXT_LEN (MsSB) fields in the Optional Field. When the actual length of the signaled extension
type is shorter than what is indicated by the concatenation of EXT_LEN (LSB) and EXT_LEN (MSB),
padding with 0x00 shall be used to fill up the missing bytes as defined in Section 5.2.2.3.2.

The following fields shall be present:
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EXT_TYPE: This field shall indicate the type of Extension Field, as defined in Table 5.2. Only one
extension type per Baseband Packet shall be used.
EXT_LEN (LSB): This field shall indicate the LSB part of the 13-bit EXT_LEN
EXT_LEN (MSB): This field shall indicate the MSB part of the 13-bit EXT_LEN
The concatenation EXT_LEN (13 bits) of the fields EXT_LEN (LSB) and EXT_LEN (MSB) in the
Optional Field shall indicate the actual length in bytes of any Extension Field in the range 0 bytes
to the end of the Baseband Packet. When EXT_LEN indicates an Extension Field of 0 bytes this
implies that no Extension Field is present.

52223 Mixed Extension Mode

The Extension Field shall consist of N non-padding extensions (where 2 <N < 7) as well as any
padding. The structure of the Extension Field shall be as defined in Figure 5.5.

EXT_TYPE1 EXT_LEN1 EXT_TYPEN EXT_LEN N ) .
(_3b) (1_3b) ?Sb) (I3b) Extension Payload 1 Extension Payload N Padding

Figure 5.5 Structure of Extension Field for the Mixed Extension Mode.

With N non-padding extensions there shall be one 2-byte header for each such extension, i.e.
a total header part of the Extension Field of 2N bytes. In the Extension Field all N headers shall
first be transmitted, followed by the N associated payload fields, following the same order, and
finally any padding.

In each 2-byte header the first byte shall consist of a 3-bit field, EXT_TYPE, indicating the
extension type followed by the 5-bit LSB part of the 13-bit EXT_LEN field of the particular extension.
The second byte shall consist of the 8-bit MSB part of the same EXT_LEN field, which is the
concatenation of the respective LSB and MSB parts. No header shall precede the padding bytes, if
present, at the end of the Extension Field. The position and length of padding is implicit from other
fields.

The following fields shall be present:

NUM_EXT (3 bits): This field shall indicate the number of non-padding extensions N (2<N<7) in the

Extension Field.

EXT_LEN (LSB) (5 bits): This field shall indicate the LSB part of the 13-bit EXT_LEN
EXT_LEN (MSB) (8 bits): This field shall indicate the MSB part of the 13-bit EXT_LEN

The concatenation EXT_LEN (13 bits) of the fields EXT_LEN (LSB) and EXT_LEN (MSB) in the
Optional Field shall indicate the actual length in bytes of the Extension Field in the range 4 bytes
to end of Baseband Packet.

In the current version of the specification Extension Fields and associated EXT_TYPE entries
shall be as defined in Table 5.2. Later specification versions may define additional extension types.
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Table 5.2 EXT_TYPE Field Description for Extension Mode

EXT_TYPE Description
000 Counter
A counter as defined in Section 5.2.2.3.1 shall be used
001-110 These fields are reserved for future extension types
111 All Padding
All bytes of the extension field are padded with 0x00 as defined in Section 5.2.2.3.2.

5.2.2.3 Extension Fields
The Extension Field types are defined below.

5.2.2.31 Counter Type

When EXT_TYPE =°000’ an extension of length EXT_LEN bytes containing a counter shall be added.
The counter shall be of 2 bytes in length and shall immediately follow the Optional Field. The first
byte of the extension shall represent the most significant byte of the counter and the second byte
of the extension shall represent the least significant byte of the counter. EXT_LEN shall have a
minimum value of 2. Values of EXT_LEN > 2 shall indicate the presence of padding following the
counter. Note that if a Baseband Packet with only padding needs to be sent, EXT_TYPE =111 shall
be used and use of the counter type is unnecessary.

The counter shall be initialized to 0 and shall increment linearly by one for each Baseband
Packet of the current PLP. Independent counters shall be used for each PLP. When the counter
reaches its maximum value, the next Baseband Packet counter value shall be reset to zero and the
counting process shall begin again.

For a PLP employing channel bonding, a single counter shall be used to add the value to the
Baseband Packet (see also Section K.1). This shall occur before the Baseband Packet is assigned
to the specified RF channel.

As an example, if OFI=‘01" and EXT_LEN =‘5’, the counter will be 2 bytes in length and the
remaining 3 bytes of the extension will contain padding. The length of the Base Field is 2 bytes,
the length of the Optional Field is 1 byte and the length of the Extension Field is 5 bytes for a total
Baseband Packet Header length of 8 bytes.

52232 All Padding Type
For oFI=01 and oFI=10 an Extension Field may be entirely used for padding by setting EXT_TYPE
=‘111" as described in Table 5.2. When one or more non-padding extensions do not entirely fill
the available Extension Field the last part of the Extension Field is filled with padding bytes, which
in all cases have the value 0x00. In this latter case there is no explicit padding signaling.

The use of OFI=‘01" together with an EXT_LEN field indicating a 0-byte length of the Extension
Field is equivalent to introducing 1 byte of padding, compared to the OFI=00 case.

The use of OFI=‘10’ together with an EXT_LEN field indicating a 0-byte length of the Extension
Field is equivalent to introducing 2 bytes of padding, compared to the OFI=00 case.

5.2.3 Scrambling of Baseband Packets

In order to ensure that the data mapped to constellations is not assigned to the same point in an
undesirable manner (which might occur for example when the payload consists of a repetitive
sequence) the entire Baseband Packet, consisting of both the Baseband Packet Header and payload,
shall always be scrambled before forward error correction encoding.

The scrambling sequence can be generated by the 16-bit shift register shown in Figure 5.6.
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LO 0 0 1 1 1 1

DO D* D5 DS D’

1

Figure 5.6 Shift register of the PRBS encoder for baseband scrambling.
The generator polynomial shall be:
G(x) = 1+X+XH+XO+XT+X X 24X B4 X 16

The operation of the scrambling sequence shall be as follows:

1) The initial sequence (0xF180: 1111 0001 1000 0000) shall be loaded into the shift register
at the start of every Baseband Packet.

2) Eight of the shift register outputs (D7, D%, ..., D°) are used as a randomizing byte, which
shall then be XOR’d bitwise (MSB to MSB and so on until LSB to LSB) with the
corresponding byte of Baseband Packet data.

3) The bits in the shift register shall be shifted once. Go to step 2 above.

The first values of the baseband scrambling sequence are 1100 0000 0110 1101 0011 1111 ...

(MSB first, or D7, DS, ..., D°, D7, DS, ...).

6. BIT-INTERLEAVED CODED MODULATION (BICM)

A simple block diagram of the Bit-Interleaved Coded Modulation (BICM) block is shown in
Figure 6.1. The BICM block consists of three parts: The Forward Error Correction (FEC), the Bit
Interleaver and the Mapper. The BICM block operates per PLP.

BICM
FEC
Baseband FEC Frames Bit
aseban
for PLPn Cells fi
Packets > > Beericoder paner P Interleaver —»{ Mapper > p “elstor
for PLPN (BCH, CRC, Encoder (BIL) PLPn
none) (LDPC)

Figure 6.1 Block diagram of BICM.

6.1 Forward Error Correction (FEC)

The input to the FEC part is a Baseband Packet and the output is a FEC Frame. The construction
of the FEC Frame is described in Section 6.1.1, with the details of the forward error correction
described in Sections 6.1.2 and 6.1.3. It should be noted that the size of the input Baseband Packet
depends on the inner code rate and length and outer code type. The size of the FEC Frame depends
on the code length only.

6.1.1 FEC Frame Structure

A FEC Frame shall be formed by the concatenation of the Baseband Packet payload, an Outer
Code and an Inner Code. The FEC Frame has size Niuer, €xpressed in bits, where the size comes
from the length of the Inner Code.
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The Inner Code shall be a Low Density Parity Check (LDPC) code. There are two different
sizes of LDPC code defined: Ninner =64800 bits and Ninser =16200 bits. The use of one of the defined
Inner Codes is mandatory and is used to provide the redundancy needed for correct reception of
transmitted Baseband Packets. The length of the Inner Code parity Min..r depends on the code rate
as well as Niuner. The choice of Inner Code type is signaled together with the Outer Code type using
the L1D_plp_fec_type field.

There are three options for the Outer Code: Bose, Ray-Chaudhuri and Hocquenghem (BCH)
Outer Code, a Cyclic Redundancy Check (CRC) or none. The Outer Code (BCH and CRC) adds
Mouser parity bits to the input Baseband Packet. When using BCH codes the length of Moz shall
be 192 bits (for Nime—=64800 bit codes) and 168 bits (for Nime=16200 bit codes), respectively.
When using CRC the length of M.z shall be 32 bits. The resulting structure of the concatenation
of the payload, BCH or CRC parities and LDPC parities is defined as shown in Figure 6.2.

FEC Frame

Ninner
Nauter
Baseband Packet Outer Code Inner Code
(FEC Frame payload) Parity Parity
Kpayload Mauter M/’nner

Figure 6.2 Structure of FEC Frame when BCH or CRC is used as Outer Code.

When neither BCH nor CRC is used the length of Moz is zero, and the structure of the FEC
Frame is as shown in Figure 6.3.

FEC Frame
Ninner
NDthL’I‘
Baseband Packet Inner Code
(FEC Frame payload) Parity
Kpayload Minner

Figure 6.3 Structure of FEC Frame when no Outer Code is used.
The size of Kpayioaa therefore, depends on the type of Outer Code used in addition to the code

rate and Inner Code length. The size of Kyayioad, as well as Mourer, Minner and Nouser are shown in
Table 6.1 and Table 6.2.
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Table 6.1 Length of Kpayioaa (bits) for Nimer = 64800

Code Kpayload Mouter Kpayload Mouter Kpayload Mouter Minner Nouter
Rate (BCH) (BCH) (CRC) (CRC) (no outer) (no outer)

2/15 8448 192 8608 32 8640 0 56160 8640
3/15 12768 192 12928 32 12960 0 51840 12960
4/15 17088 192 17248 32 17280 0 47520 17280
5/15 21408 192 21568 32 21600 0 43200 21600
6/15 25728 192 25888 32 25920 0 38880 25920
7/15 30048 192 30208 32 30240 0 34560 30240
8/15 34368 192 34528 32 34560 0 30240 34560
9/15 38688 192 38848 32 38880 0 25920 38880
10/15 43008 192 43168 32 43200 0 21600 43200
11/15 47328 192 47488 32 47520 0 17280 47520
12/15 51648 192 51808 32 51840 0 12960 51840
13/15 55968 192 56128 32 56160 0 8640 56160

Table 6.2 Length of Kpayioaa (bits) for Nimer = 16200

Code Kpayload Mouter Kpayload Mouter Kpayload Mouter Minner Nouter
Rate (BCH) (BCH) (CRC) (CRC) (no outer) (no outer)

2/15 1992 168 2128 32 2160 0 14040 2160
3/15 3072 168 3208 32 3240 0 12960 3240
4/15 4152 168 4288 32 4320 0 11880 4320
5/15 5232 168 5368 32 5400 0 10800 5400
6/15 6312 168 6448 32 6480 0 9720 6480
7/15 7392 168 7528 32 7560 0 8640 7560
8/15 8472 168 8608 32 8640 0 7560 8640
9/15 9552 168 9688 32 9720 0 6480 9720
10/15 10632 168 10768 32 10800 0 5400 10800
11/15 11712 168 11848 32 11880 0 4320 11880
12/15 12792 168 12928 32 12960 0 3240 12960
13/15 13872 168 14008 32 14040 0 2160 14040

6.1.2  Outer Encoding

There are multiple choices for the Outer Code. The first is the BCH code and it provides additional
error correction as well as error detection. The second is the use of a CRC, which provides no
additional error correction, only error detection. As a third option, no Outer Code may be selected.

6.1.2.1 BCH

When BCH is used for the Outer Code, 12-bit correctable BCH codes are used. These are
determined as follows:

Let m(x) = moxKpoload-lim, xKpavioad21 | +me,00aq-1 be an information polynomial, whose
coefficients mo, myi, ..., Mkpayioad-1 are information to be encoded, and let g(x) be the generator
polynomial of degree Mouzr for BCH code where g(x) = gi1(x)g2(x)...g12(x). Then code bits so, si,
..., Snourer-1 Shall be induced as coefficients of a codeword polynomial of degree Nourer-1, s(Xx) =
soxNouter-lp.g xNouter2 | 4snouer-1 = m(X)xM¥e - p(x), where p(x) is the residue polynomial of
m(x)x"’/g(x). The definitions of component polynomials gi(x) for each mode are shown in

Table 6.3.
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Table 6.3 BCH Polynomials

Code Length Ninne=64800 Code Length Ninne=16200
gi(x) | X8 +xS+x3+x2+1 X144x5 x5+ +1
g2(x) | X1S+xE+xE+XO+xA+x+1 X 144x M +x8+x6+1
g3(x) X16+X1 1 +X1O+X9+X8+X7+X5+X4+X3+X2+1 X14+X1O+X9+X6+X2+X+1
94(x) X16+X14+X12+X11+X9+X6+X4+X2+1 X14+X12+X10+X8+X7+X4+1
g5(X) | XT6Hx 12X X 10y OhxBab xSk x B x 2+ 1 by 13 T O B4+ 3+ X2 1
ge(X) | X16+x 154X 144X 134X 124X 10 x O+ X+ X7+ x5+ x4 +x2+1 X 144513494 x84+ X7 +x3+1
97(x) X16+X15+X13+X11+X1O+X9+X8+X6+X5+X2+1 X14+X13+X11+X1O+X7+X6+X5+X2+1
gS(x) X16+X14+X13+X12+X9+X8+X6+X5+X2+X+1 X14+X11+X10+X9+X8+X5+1
gg(x) X164+x114+x104+x94+x7+x5+1 X144+ x 10494+ X3+ x2+x+1
gro(X) | X18+x 144X 134X 124X 104 xB+xT+x5+x2+x+1 X144 124 114X O+ xB+x3+1
911(x) X16+X13+X12+X11+X9+X5+X3+X2+1 X14+X12+X11+X4+1
gi2(x) | X1EEXT24x X0+ X T+ X+ x5+ x+1 X144 134 10484 x T+ xB 4+ x5+ x3+x 24+ x+1
6.1.2.2 CRC

When a CRC is used for the Outer Code, a 32-bit CRC shall be used. The CRC shall be computed
as illustrated in Figure 6.4 and shall implement a feedback shift register characterized by the CRC
code polynomial. The generator polynomial of degree n Gere(X) can be expressed as:

G, (x)=x" +gn71xn71 +g,.x"

crc

Figure 6.4 Shift register for CRC-32.

Computation of the CRC-32 can be carried out using a shift register circuit such as shown in
Figure 6.4. At the beginning of the computation (before the first data bit is input) all register stage
contents shall be initialized to one. After applying the first bit (MSB first) of the data block to the
input, the shift clock causes the register to shift its contents by one stage towards b,-1 while loading
the tapped stages with the result of the appropriate operations. After the last data bit of the block
is input, the contents of the register stages are read out to provide the 32 CRC bits {b;,i=0,1...31)
that shall then be appended to the data prior to inner encoding. The appended bits shall be ordered
from the most significant bit (b31) to the least significant bit (bo). For the CRC-32 used, all values
of g; = 0 except for: g21, gi6, g11 Which shall have a value of one. Thus the actual generator
polynomial shall be:

G (x)zx32 +x+x" a1

cre
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6.1.2.3 Selection of Outer Code Configuration

The BCH Outer Code is used to lower any potential LDPC error floor by correcting a predefined
number of bit errors. For the BCH codes chosen up to 12 bit errors may be corrected. BCH code
provides both improved error correction as well as error detection. For improved efficiency, at the
cost of no additional error correction, the CRC may be chosen. CRC provides only error detection.
Finally, the Outer Code may be omitted if it is determined that the error correcting capability of
the Inner Code is sufficient for the application; however, no additional error correction or detection
is provided in this case.

6.1.3 Inner Encoding

LDPC codes are used to create parity bits which are appended to the payload in each Baseband
Packet. Cyclic-structured LDPC codes are employed. The indices list for each encoding can be
found in Annex A.

There are two different coding structures used. These are called Type A (defined in Section
6.1.3.1) and Type B (defined in Section 6.1.3.2). The type used for each code rate and code length
shall be as shown in Table 6.4. Type A has a code structure that shows better performance at low
code rates while Type B code structure shows better performance at high code rates.

Table 6.4 Structure of LDPC Encoding Used for Each of the Code Rates and

Lengths

Code LDPC Code Structure Type
Rate | Ninne=64800 Ninner=16200
2/15 A A

3/15 A A

4/15 A A

5/15 A A

6/15 B B

7/15 A B

8/15 B B

9/15 B B

10/15 |B B

11/15 |B B

12/15 |B B

13/15 |B B

6.1.3.1 Type A LDPC Encoding
Type A LDPC encoding shall be realized as follows.

An LDPC code is used to encode the information block S = (s, S1, ..., Sy, ,,,,—1)- TO generate
a codeword A = (/10,/11, '"'ANinner_l) of length Nipner = Noyter + My + M, , the parity bits
before parity interleaving P = (pg, D1, -, Pm, +m,-1) are calculated from S. Then for any i from 0
to Noyuter — 1, 4; 1s set equal to s;, since the code is systematic.

M; and M, are parity lengths corresponding to a dual diagonal matrix and an identity matrix,

respectively. The parity lengths depending on code rates shall be used as specified in Table 6.5
and Table 6.6. The detailed procedure to calculate parity bits shall be as follows:

1) Initialize 4; = s;fori = 0,1,... Nyyrer — 1
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iii)

Vi)

vii)

viii)

pj=0forj=01,...M; + M, — 1

Accumulate the first information bit, A, at parity bit addresses specified in the first row of
the tables in Annex A (Table A.1.1to Table A.1.4, Table A.1.6, Table A.2.1 to Table A.2.4).

For the next 359 information bits 4,,, m = 1,2, ...,359, accumulate 4,, at parity bit
addresses, which are calculated as follows:

(x+mxQ)modM; ifx<M,

where x denotes the address of the parity bit accumulator corresponding to the first bit Ao.
Q, = M;/360 and Q, = M, /360 are code rate dependent constants specified in Table 6.5
and Table 6.6.

For the 361st information bit A3e0, the addresses of the parity bit accumulators are given
in the second row of the tables in Annex A. In a similar manner, the addresses of the
parity bit accumulators for the following 359 information bits 4,,, m = 361,362, ...,719
are obtained using the equation in step (ii) where x denotes the address of the parity bit
accumulator corresponding to the information bit A5, i.€. the entries in the second row
of the tables in Annex A.

In a similar manner, for every group of 360 new information bits, a new row from the
tables in Annex A is used to find the addresses of the parity bit accumulators.

After the codeword bits from A, to Ay, .. —1 are exhausted, sequentially perform the
following operations starting with i = 1.

pi=pi Ppi_ fori=12,..,M; -1

The parity bits from Ay, . to Ay, . 4+u,—1, Which correspond to the dual diagonal
matrix, are obtained using the following interleaving operation:

/1N0uter+360 ©t+s = le - s+t fOI‘ 0 S s < 360, 0 S t < Ql

For every group of 360 new codeword bits from Ay, t0 Ay . .y —1, 8 new row from

the tables in Annex A and the equation in step (i) are used to find the addresses of the
parity bit accumulators.

After the codeword bits from Ay, . to Ay . .M, —1 are exhausted, the parity bits from
ANyusor+My YO ANy or+My +M,—1, Which correspond to the identity matrix, are obtained
using the following interleaving operation:

ANguter+M1+360 - t+s = PMy+Q, - s+¢ for 0 <5 <360,0 <t < Q,

Note that the parity bits from Ay, t0 Ay .. +u,—1 are obtained according to steps (i) to (vi),
and then the parity bits from Ay, 4y, t0 Ay, ... +M,+m,-1 are obtained using the results of steps
(1) to (vi) according to steps (vii) to (viii).
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Table 6.5 Coding Parameters for Type A: Niper = 64800

Code Sizes

Rate M, M, Q1 Q

2/15 1800 54360 5 151
3/15 1800 50040 5 139
4/15 1800 45720 5 127
5/15 1440 41760 4 116
7115 1080 33480 3 93

Table 6.6 Coding Parameters for Type A: Nimer = 16200

Code Sizes

Rate M, M, Q1 Q:
2/15 3240 10800 9 30
3/15 1080 11880 3 33
4/15 1080 10800 3 30
5/15 720 10080 2 28

6.1.3.2 Type B LDPC Encoding
Type B LDPC encoding shall be realized as follows.

Let so, S1, ..., Snouter-1 be information bits to be encoded and Ao, A1, ..., ANimer-1 be code bits to be
calculated. Then for any k& from O to Nouer-1, Ak shall be set equal to si, since the code is systematic.
For the remaining code bits, set Anourer + k = Pk (0 < k < Minner) and these parity bits px shall be
calculated as follows. In the following, q(i, j, 0) denotes the j-th entry in the i-th row in the indices
list, see Annex A, and q(i, j, /) = q(1, j, 0) + Quape:l (mod Miuner) for 0<I<360, and all accumulations
are realized by additions in GF(2). Qe shall be defined as in Table 6.7.

1)  Initialize px= 0 for 0 < k < Minner.

1)  For 0 <k < Nouter, set 1= | k/360], and I =k (mod 360). Now accumulate sy to pqg, j, 1) for all
J:
Pa, 0, ) = Pa(i, 0,)) T Sk, Pati, 1.) = Pa(i, 1,)) T Sk, Pati, 2.5 = Pa(i, 2,0 T Sk, ..., P, wi)-1,) = Padi, wii)-1, 1)
+ Sk,
where w(i) is the number of elements in the i-th row in the indices list in Annex A.

iii)  Forall 0 <k < Miuer, pk = Pk + Pi-1.

From these steps, all code bits Ao, A1,..., Animer-1 shall be obtained.

Table 6.7 Coding Parameters for Type B

Code Rate Qudpc (Ninner=64800) Qudpc (Ninner=16200)
6/15 108 27

7/15 N/A 24

8/15 84 21

9/15 72 18

10/15 60 15

11/15 48 12

12/15 36 9

13/15 24 6
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6.1.3.3 Tradeoffs

Nimer = 16200 bit LDPC codes have lower latency but worse performance. In general, Niper =
64800 bit codes are expected to be the first choice due to superior performance, however, for
applications where latency is critical, or a simpler encoder / decoder structure is preferred, Nimer =
16200 bit LDPC codes should be used.

6.2 Bit Interleavers

The bit interleaver block takes a FEC Frame as input. The output of the bit interleaver block is a
bit-interleaved FEC Frame. The size of the FEC Frame does not change after the bit interleaving
operation.

The bit interleaver block consists of a parity interleaver followed by a group-wise interleaver
followed by a Block Interleaver. A block diagram giving the bit interleaver internal structure is
shown in Figure 6.5.

Bit Interleaver

Bit Interleaved
FEC Frames o ~ Parity Group-Wise - Block o
> > P FEC Frames
for PLPn Interleaver Interleaver Interleaver
for PLPn

Figure 6.5 Bit interleaver structure.

The parity interleaver is described in Section 6.2.1, the group-wise interleaver in Section 6.2.2
and the Block Interleaver in Section 6.2.3, respectively.

6.2.1 Parity Interleaver
The parity interleaver shall be used for Type B codes only, and shall not be used for Type A codes.

The parity interleaver output is denoted by U= (uo, u1, ..., Uninner-1). In the parity interleaver,
parity bits shall be interleaved as:

u; = A; for0 < i < N,yuer (information bits are not interleaved)

UN,yyror+360t+s = MNpyror+Quapes+t 1010 =5 <360,0 <t < Quapc

where Quape 1s defined in Table 6.7.

The role of the parity interleaver is to convert the staircase structure of the parity-part of the
LDPC parity-check matrix into a quasi-cyclic structure similar to the information-part of the
matrix.

6.2.2 Group-Wise Interleaver

The parity interleaved LDPC coded bits, (uo, u1, ..., Unimer1), shall be split into Ngroup = Ninner /360
bit groups as follows:

Xj = {w|360 X j <k <360 X (j+1),0 <k < Nipper } 0=<j < Ngroup
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where X represents the j-th bit group. For 0 < j < Ngroup, €ach bit group Xj has 360 bits, as illustrated
in Figure 6.6.

(Nouter) LDPC Information (Ninner — Noute) LDPC parity bits
360 360 360 360 360 360 360
<« e e S, S S — - T
(- Ny p) [y N Ny ) [y )
0™ bit group 1% bit group (Nouter/360 -1)" bit group (Ninner/360 -1)" bit group

Figure 6.6 Parity interleaved LDPC codeword bit groups.

The parity-interleaved LDPC codeword shall be interleaved by the group-wise interleaver as
follows:

Yj = XTL’(]) for 0 S] < Ngroup

where Y; represents the group-wise interleaved j-th bit group and 71(j) denotes the permutation

order for group-wise interleaving. The corresponding group-wise interleaving is optimized for
each combination of modulation and LDPC code rate. Table series in B.1 and B.2 in Annex B

show the permutation order of the group-wise interleaving 71(j) for code lengths Niuzer= 64800 and
Ninner= 16200, respectively.

The group-wise interleaved LDPC codeword denoted by (vo, vi, ..., Vnimner1) 1S the
concatenation of Y; as follows:

V= {Yo' Y, YNgroup_l}

6.2.3 Block Interleavers

There are Type A and Type B Block Interleavers for each Type A and Type B FEC and
constellation combination. Note that some Type A FEC and constellation combinations use a Type
A Block Interleaver while other Type A FEC and constellation combinations use a Type B Block
Interleaver, and similarly for Type B FEC and constellation combinations and Type A and Type
B Block Interleavers. That is, Type A FEC and constellation combinations are not necessarily
always paired with a Type A Block Interleaver, and Type B FEC and constellation combinations
are not necessarily always paired with a Type B Block Interleaver. The Block Interleaver type
shall be as defined in Table 6.8 and Table 6.9. Type A Block Interleaver is described in Section
6.2.3.1 and Type B Block Interleaver is described in Section 6.2.3.2.
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Table 6.8 Block Interleaver Type for Codes of Length Niue:= 64800 Bits

MODCR 2/15 3/15 4/15 5115 6/15 7/15 8/15 9/15 10/15 11/15 12/15 13/15
2 A A A A A A A A A A A A
4 A A A B A A B B A A A A
6 A |A A A A B A B B A A B
8 A |A A B B B B A B B A B
10 A A A B A B A B B B A A
12 A A A A A B A A A A A A

Table 6.9 Block Interleaver Type for Codes of Length Niuwer= 16200 Bits

MOCR 2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 10/15 11/15 12/15 13/15
2 A A A A B B A B A A A A
4 A A A A B B A B A B A B
6 A A A A B B A B A A A A
8 A A A A B A A A A B A A

6.2.3.1 Type A Block Interleaver

Following the group-wise interleaver, the LDPC codeword shall be interleaved by the Block
Interleaver as shown in Figure 6.7. Each column of the Type A Block Interleaver shall be
composed of a first part and a second part. Part 1 and Part 2 are divided based on the number of
columns of the Block Interleaver and the number of bits of the bit group. In Part 1, the bits
constituting the bit group shall be written in the same column. In Part 2, the bits constituting the
bit group shall be written in at least two columns.

The data bits v; from the group-wise interleaver shall be written serially into the Block
Interleaver column-wise starting in Part 1 and continuing column-wise finishing in Part 2, and
shall then be read out serially row-wise from Part 1 and then row-wise from Part 2, as shown in
Figure 6.7. Therefore, the bits from the same group in Part 1 shall be mapped onto the bits having
the same bit position in each modulation symbol.

Part 1 and Part 2 block interleaving configurations for each modulation format and code length
shall be as specified in Table 6.10. The number of columns of the Block Interleaver is equal to the
number of bits constituting a modulation symbol. The sum of N,1 and N2 is equal to Niuner /N, and
Nn (= [Ngmup / NCJ X 360) is a multiple of 360, so that multiple bit groups are written into Part 1
of Block Interleaver.

Table 6.10 Type A Block Interleaver Configurations

Modulation Rows in Part 1 Ny | Rows in Part 2 N;; Columns
Ninner = 64800  Ninner = 16200  Ninner = 64800  Ninner = 16200 | Ne

QPSK 32400 7920 0 180 2

16QAM 16200 3960 0 90 4

64QAM 10800 2520 0 180 6

256QAM 7920 1800 180 225 8

1024QAM  |6480 N/A 0 N/A 10

4096QAM  |5400 N/A 0 N/A 12

The Block Interleaver is described as follows:
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The input bit v; with index i, for 0 < i < N, X N,.1, shall be written to column ¢;, row r; of Part
1 in the interleaver, where:
=[x

r; = (i mod N, )

and then the input bit vi with index i, for N, X N,y < i < Njpner, shall be written to column ci,
row ri of Part 2 in the interleaver, where:

{ — N¢ X Nr1)|
G =

1= Ny, + {(i = N¢ X Ny1) mod N}

The output bit g; with index j, for 0 <j < Njuer, shall be read from row 7;, column ¢;, where:

[
= (jmod N, )

As an example, for 256QAM and Njumer = 64800, the output bit order of block interleaving
would be:

(90,91, 92, *** » 963357, Q63358 963359 63360, A63361, *** » Q64799) =
(Y0, V7920, V15840 *** » V47519 V55439, V63359, V63360, V63540, *** » V64799)-

A longer list of the indices on the right hand side, illustrating all 8 columns, is: 0, 7920, 15840,
23760, 31680, 39600, 47520, 55440, 1, 7921, 15841, 23761, 31681, 39601, 47521, 55441, ......
, 7919, 15839, 23759, 31679, 39599, 47519, 55439, 63359, 63360, 63540, 63720, 63900, 64080,
64260, 64440, 64620, ...... , 63539, 63719, 63899, 64079, 64259, 64439, 64619, 64799.
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Column 0 Column Nc-1 Column 0 Column Nc-1
........... >

RowO [ Row 0

Part1 Part1

v

Row N,1-1_ L | Row N,;-1

Row N,

Part 2 Row
N,1+N,»-1

Part 2

v

Column 0 Column Nc-1 Column 0 Column Nc-1

Figure 6.7 Write/Read operation of Type A block interleaving.

6.2.3.2 Type B Block Interleaver

After the group-wise interleaving, Type B block interleaving shall be performed using the
parameter Nocs 16 which is defined according to modulation order as shown in Table 6.11. Type
B block interleaving consists of Part 1 and Part 2 processes. Npari1 and Npa12 refer to the number of
bits processed in Part 1 and Part 2, respectively.

Table 6.11 Parameters for Type B Block Interleaver

Modulation Nacs 16 Npart1 Npart2
Ninner = 64800 Ninner = 16200 Ninner = 64800 Ninner = 16200

QPSK 2 64800 15840 0 360

16QAM 4 64800 15840 0 360

64QAM 6 64800 15120 0 1080
256QAM 8 63360 14400 1440 1800
1024QAM 10 64800 N/A 0 N/A
4096QAM 12 64800 N/A 0 N/A

For Part 1, the Type B block interleaving process shall be performed with each set of Nocs 16
bit groups of the group-wise interleaver output. Part 1 process shall consist of writing and reading
the bits of the Nocs s bit groups using 360 columns and Nocs 16 rows. In the write operation, bits
from the group-wise interleaver output shall be written row-wise as illustrated in the example of
Figure 6.8. The read operation shall be performed column-wise to read out 1 bit from each row
and an example is shown in Figure 6.9. Note that the Part 1 process is performed on the first bit
through the Nya/-th bit defined in Table 6.11.

For Part 2, the remaining bits excluded from the repeated operation in Part 1 (i.e. Npar2 bits)
shall be mapped to symbols sequentially without performing block interleaving.

29



ATSC A/322:2026-04 Physical Layer Protocol 14 April 2026

360 bits
QCB |vo Vi Vv, V3 vy P V3sg Vssg
QCB | v3e0 V361 V3e2 V3e3 V3es > V713 V719
QCB | V720 V721 V722 V723 V7aa » Vio78 V1079
QCB | V1080 V1081 V1082 V1083 V1084 » V1433 V1439
Nacs_ic
QcB V1440 V1441 V1442 V1443 V1444 » V1798 V1799
QCB | Vigoo V1801 V1802 V1803 V1804 » V2158 V2159
QCB | V2160 V2161 V2162 V2163 V2164 B V2518 V2519
QCB | Vas20 V2521 V2522 V2523 V2524 » Vagrg Vagrg

Figure 6.8 Write operation of Part 1 Type B block interleaving for 256QAM.

360 bits
[ QCB | goo I W— qol | ----m-mmmemeeees qo,359
QCB | Qo R qul | T 1,359
QCB Qoo! | | e qzl | q2,359
QCB | 30! ————————————————— gzl | s q3,359
Nacs_i6 1
QCB | Qo | | qql | q4,359
Qcs q5,§§ | e qsl | 95,359
QCB | gsjo R qol | q6,359
QcB (}'70 | qrl Vo q7,359

s i

Mapped to 256-QAM

Figure 6.9 Read operation of Part 1 Type B block interleaving for 256QAM.

6.3 Constellation Mapping

This section describes the mapping of FEC encoded and bit-interleaved bits to complex valued
quadrature amplitude modulation (QAM) constellation points on the IQ plane. The input to the
constellation mapping block is a stream of bit-interleaved FEC Frames and the output is cells,
grouped as a FEC Block when necessary.

The Mapper consists of a DeMultiplexer block that is followed by a bit-to-1Q mapping block.
A block diagram of the Mapper is shown in Figure 6.10. The following sections describe the details
to map the input FEC Frame bits to the constellation. First, the bits comprising a FEC Frame shall
be demultiplexed into parallel streams as described in Section 6.3.3 to generate data cells. Next
the data cells shall be mapped to constellation values, this is described in Section 6.3.4. The details
for each type of modulation are described in Section 6.3.4.1 for QPSK, Section 6.3.4.2 for I6QAM
to 256QAM and Section 6.3.4.3 for 1024 and 4096 QAM.
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Mapper
—>
Bit Interleaved ——> .
Cells fi
FEC Frames ——»r—{ DeMultiplexer ——» S to.IQ > els for
. Mapping PLPNn
for PLPn .
—>

Figure 6.10 Mapper structure.

6.3.1 Constellation Overview

Six different modulation orders are defined: uniform QPSK modulation and five non-uniform
constellation (NUC) sizes; 16QAM, 64QAM, 256QAM, 1024QAM and 4096QAM respectively.
For each combination of NUC modulation order and code rate a different constellation exists.
However, the constellation does not vary with code length, the same constellation is used for both
Ninne=64800 and Nine=16200 codes when the code rate and modulation order are held constant.
The same QPSK constellation is used for all code rates.

The QPSK constellation is a 1-dimensional QAM form.

The non-uniform constellations 16QAM, 64QAM and 256QAM are 2-dimensional (2D)
quadrant-symmetric QAM constellations and are constructed by symmetry from a single quadrant.
To reduce the complexity during QAM de-mapping at the receiver, the 1024QAM and 4096QAM
constellations are derived from non-uniform I-dimensional (1D) PAM (pulse amplitude
modulation) constellations for both in-phase (I) and quadrature (Q) components.

6.3.2 Modulation and Coding Combinations

In order to reduce the implementation complexity, implementation of all the modulation and
coding combinations is not mandatory. Table 6.12 and Table 6.13 show the mandatory modulation
and coding combinations that must be implemented. Mandatory combinations are shown with a

check mark V.
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Table 6.12 Mandatory Modulation and Coding Combinations Niuer = 64800 Bits

Code Rate/ 2/ 3/ 4/ 5/ 6/ 7/ 8/ 9/ 10/ 11/ 12/ 13/

Constellation 15 15 15 15 15 15 15 15 15 15 15 15

QPSK 4 4 4 v v 4 4 4 v

16QAM v v v 4 4 v

64QAM v v v v v 4 4 v v

256QAM v v 4 4 4 v v v v

1024QAM v 4 v 4 v v v v

4096QAM 4 4 v v v
Table 6.13 Mandatory Modulation and Coding Combinations Niuer= 16200 Bits

Code Rate/ 2/ 3/ 4/ 5/ 6/ 7/ 8/ 9/ 10/ 11/ 12/ 13/

Constellation 15 15 15 15 15 15 15 15 15 15 15 15

QPSK v v v v v 4 4 4

16QAM v v 4 4 4

64QAM v v 4 4 4 v v

256QAM v v v v v v v v

6.3.3 Demultiplexing Operation

The operation to map bits from each FEC Frame to parallel streams before constellation mapping
is known as demultiplexing. The number of output data cells for each FEC Frame input and the

effective number of bits per cell nmop is defined in Table 6.14.

The bit-stream g; from the output of the block-interleaver within the bit interleaver shall be de-
multiplexed into nmop sub-streams, as shown in Figure 6.11. The output of the de-multiplexer is
a vector denoted as (yo, ..., Yamon-1,s), With the first index describing the bit-level position, and the
index s describing the discrete time index for enumerating all output data cells for one FEC Block.

Table 6.14 Parameters for Bit-Mapping into Constellations

No. output data cells

No. output data cells

Modulation nmop Ninner = 64800 bits Ninner = 16200 bits
QPSK 2 32400 8100

16QAM 4 16200 4050

64QAM 6 10800 2700

256QAM 8 8100 2025

1024QAM (10 |6480 N/A

4096QAM (12 |5400 N/A
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Figure 6.11 De-multiplexing of bits into sub-streams.

6.3.4 Bitto IQ Mapping
6.3.4.1 QPSK
The same constellation mapping for QPSK shall be used for all code rates.
A two-bit input (yos, V1,s) shall be mapped to data cells following the mapping in Table C.1.1,

where the first column represents the bits (yo,s, y1,s) and the second column represents the cell value
at the output of the constellation mapper.

6.3.4.2 16QAM, 64QAM and 256QAM

For 16QAM, 64QAM and 256QAM, each input data cell word (yos, ..., Ynmop-1,s) shall be
modulated using a 2D non-uniform constellation to give a constellation point zs. Index s denotes
the discrete time index, and nmop is the number of bits per constellation symbol as defined in Table
6.14.

The vector of complex constellation points x = (xy, ..., xu-7) includes all M constellation points
of the QAM alphabet. The k-th element of this vector, xx, corresponds to the QAM constellation
point for the input cell word (yo.s, ..., Ynmop-1.5), if these bits take on the decimal number & (vo,s
being the most significant bit (MSB), and yuuop-1,s being the least significant bit (LSB)). Due to
the quadrant symmetry, the complete vector x shall be derived by defining just the first quarter of
the complex constellation points, i.e., (xo, ..., Xm4-1), which corresponds to the first quadrant. The
generation rule for the remaining points shall be as described below. Defining b = M/4, the first
quarter of complex constellation points shall be denoted as the NUC position vector w = (wy, ...,
wp-1), where the position vectors are defined in Table C.1.2 to Table C.1.7.

As an example, the NUC position vector for 16QAM comprises the complex constellation
points with the labels corresponding to the decimal values 0, i.e., (Vos, ..., Vamop-1,s) = 0000, to b -
1,1.e., Vos, ..., ynmop-1,5) = 0011. The remaining constellation points are derived as follows:

(X0 +.r Xb-1) =w (first quarter)
(Xby +..r X2b-1) =-conj(w ) (second quarter)
(X2by +..» X3b-1) = conj(w) (third quarter)
(X3by +.., Xdb-1) =-w (fourth quarter),

with conj being the complex conjugate.

6.3.4.2.1 Example

The NUC position vector for 16QAM and code rate 6/15 is constructed as follows. From Table
C.1.2 w=(0.5115+j1.2092, 1.2092+j0.5115, 0.2663+j0.4530, 0.4530+j0.2663). Here and in the
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following, j=V(-1) is the imaginary unit. Assuming the input data cell word is (Vo ..., VnmoD -1.s)
= (1100), the corresponding QAM constellation point at time index s is z; = X12 =—wo =—-0.5115—
71.2092. The complete constellation for this NUC position vector is shown in Figure 6.12 with all
input data cells marked at the corresponding constellation points.
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0101 .0.1100'040 0001
= 0111 0011
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- . .
gt 1o
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-15 -1 05 0 05 1 15

Re{x}
Figure 6.12 Example 16-NUC for code rate 6/15.

6.3.4.3 1024QAM and 4096QAM

For 1024QAM and 4096QAM each input data cell word (yo,s, ..., yamon-1,5) at discrete time index
s shall be modulated using a 1-dimensional non-uniform QAM constellation to give a constellation
point zg prior to normalization. 1-dimensional refers to the fact that a 2-dimensional QAM
constellation can be separated into two 1-dimensional PAM constellations, one for each I and Q
component. The exact values of the real and imaginary components Re(zs) and Im(zs) for each
combination of the relevant input cell word (yos, ..., Vamon-1,) shall be given by a 1D-NUC position
vector u = (uo, ..., Uv-1), Where the position vectors are defined in Table C.1.8 to Table C.1.11 and
the bit labels are defined in Table C.3.1 to Table C.3.4. Vector u defines the constellation point
positions of the non-uniform constellation in one dimension. The number of elements of the 1D-
NUC position vector u is defined by

6.3.4.3.1 Example

The 1024-NUC for code rate 6/15 is defined by the NUC position vector from Table C.1.8, where
u = (uo, ..., u15) =(0.1275,0.1276, 0.1294, 0.1295, 0.3424, 0.3431, 0.3675, 0.3666, 0.6097, 0.6072,
0.7113, 0.7196, 0.9418, 1.0048, 1.2286, 1.5031). Assuming the input data cell (yos, ..., VomoD-1.5)
=(0010011100) the corresponding QAM constellation point z; has Im(zys) = u3 = 0.1295 (defined
by even index bit labels, i.e., 01010) and Re(zs)=u11 = 0.7196 (defined by odd index bit label, i.e.,
00110). The complete constellation for this NUC position vector is shown in Figure 6.13.
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Figure 6.13 Example 1024-NUC for code rate 6/15.

6.4 Layered Division Multiplexing (LDM)
LDM is a constellation superposition technology that combines multiple PLPs at different power
levels, often with different modulation and channel coding schemes, before transmission in one
RF channel.

In this version of the specification only two-layer LDM is defined. The two layers shall be
called Core Layer and Enhanced Layer, respectively.
6.4.1 LDM Encoding
The block diagram of the encoding of a two-layer LDM system is shown in Figure 6.14.
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Input Formatting BICM
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Over The Air (OTA) Interface
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Figure 6.14 Block diagram of LDM encoding.

A two-layer LDM system shall combine two or more PLPs before time interleaving. Each layer
shall consist of one or more PLPs. The Core Layer shall have equal or greater robustness than the
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Enhanced Layer. Each PLP may use a different FEC encoding (including code length and code
rate) and constellation mapping. For example the Core Layer might use Niume=64800, code
rate=4/15 and QPSK while the Enhanced Layer might use Niun=64800, code rate=10/15 and
64QAM.

The Core PLPs and Enhanced PLPs shall be combined in an LDM Combiner block, depicted
in Figure 6.15 .

LDM Combiner

S
¢ Sc +aSg B (Sc+asg)
BICM g /‘D Power
(Core Layer) Normalizer
»—>
BICM o Sg > Injection Level aSg
(Enhanced Layer) e Controller

Figure 6.15 Constellation superposition for two-layer LDM.

An injection level controller shall be used to reduce the power of the Enhanced Layer relative
to the Core Layer so as to output the desired transmission energy for each layer. The transmission
energy level shall be chosen in combination with the ModCod parameters in order to achieve the
desired coverage area as well as the desired bit rate. The Enhanced Layer injection levels relative
to the Core Layer are selectable from 0 dB to 25 dB below the Core Layer.

6.4.2 Injection Level Controller

The injection level (of the Enhanced Layer signal relative to the Core Layer signal) is a
transmission parameter which enables distribution of transmission power between the two layers.
By varying the injection level, the transmission robustness of each layer is changed, providing an
additional method of varying robustness in addition to the choice of ModCod parameters for each

PLP. The dedicated power distributions for each layer according to the various allowed injection
levels are listed in Table 6.15.

Table 6.15 Power Distributions Between Layers for Various Injection Levels

Injection level of  CL power ratio EL power ratio Reduction of CL power Reduction of EL power
EL below CL level relative to total relative to total relative to total power relative to total power
(dB) power (%) power (%) (dB) (dB)

0.0dB 50.0% 50.0% 3.01 3.01

+0.5dB 52.9% 47 1% 2.77 3.27

+1.0dB 55.7% 44.3% 2.54 3.54

+1.5dB 58.5% 41.5% 2.32 3.82

+2.0dB 61.3% 38.7% 212 4.12

+2.5dB 64.0% 36.0% 1.94 4.44

+3.0dB 66.6% 33.4% 1.76 4.76

+3.5dB 69.1% 30.9% 1.60 5.10
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Injection level of  CL power ratio EL power ratio Reduction of CL power Reduction of EL power
EL below CL level relative to total relative to total relative to total power relative to total power
(dB) power (%) power (%) (dB) (dB)
+4.0 dB 71.5% 28.5% 1.46 5.46
+4.5 dB 73.8% 26.2% 1.32 5.82
+5.0dB 76.0% 24.0% 1.19 6.19
+6.0 dB 79.9% 20.1% 0.97 6.97
+7.0dB 83.4% 16.6% 0.79 7.79
+8.0dB 86.3% 13.7% 0.64 8.64
+9.0dB 88.8% 11.2% 0.51 9.51
+10.0 dB 90.9% 9.1% 0.41 10.41
+11.0dB 92.6% 7.4% 0.33 11.33
+12.0dB 94.1% 5.9% 0.27 12.27
+13.0dB 95.2% 4.8% 0.21 13.21
+14.0 dB 96.2% 3.8% 0.17 1417
+15.0 dB 96.9% 3.1% 0.14 15.14
+16.0 dB 97.5% 2.5% 0.1 16.11
+17.0 dB 98.0% 2.0% 0.09 17.09
+18.0 dB 98.4% 1.6% 0.07 18.07
+19.0 dB 98.8% 1.2% 0.05 19.05
+20.0dB 99.0% 1.0% 0.04 20.04
+21.0dB 99.2% 0.8% 0.03 21.03
+22.0 dB 99.4% 0.6% 0.03 22.03
+23.0dB 99.5% 0.5% 0.02 23.02
+24.0 dB 99.6% 0.4% 0.02 24.02
+25.0dB 99.7% 0.3% 0.01 25.01

6.4.3 Power Normalizer
After combining the total power of combined signals shall be normalized to unity in the power
normalizer block.

The value of the scaling factor of the injection level controller, @, and the normalizing factor

of the power normalizer, 8, depends on the injection level of the Enhanced Layer. Values allowed
are listed in Table 6.16.

Table 6.16 Scaling and Normalizing Factors According to Enhanced Layer
Injection Level

Injection level Scaling factor Normalizing factor Injection level Scaling factor Normalizing factor
of EL below a B of EL below a B
CL level (dB) CL level (dB)

0.0dB 1.0000000 0.7071068 +11.0 dB 0.2818383 0.9625032
+0.5 dB 0.9440609 0.7271524 +12.0 dB 0.2511886 0.9698706
+1.0 dB 0.8912509 0.7465331 +13.0 dB 0.2238721 0.9758449
+1.5dB 0.8413951 0.7651789 +14.0 dB 0.1995262 0.9806699
+2.0 dB 0.7943282 0.7830305 +15.0 dB 0.1778279 0.9845540
+2.5dB 0.7498942 0.8000406 +16.0 dB 0.1584893 0.9876723
+3.0 dB 0.7079458 0.8161736 +17.0 dB 0.1412538 0.9901705
+3.5dB 0.6683439 0.8314061 +18.0 dB 0.1258925 0.9921685
+4.0 dB 0.6309573 0.8457262 +19.0 dB 0.1122018 0.9937642
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Injection level Scaling factor Normalizing factor Injection level Scaling factor Normalizing factor
of EL below a B of EL below a B

CL level (dB) CL level (dB)

+4.5 dB 0.5956621 0.8591327 +20.0 dB 0.1000000 0.9950372

+5.0 dB 0.5623413 0.8716346 +21.0 dB 0.0891251 0.9960519

+6.0 dB 0.5011872 0.8940022 +22.0 dB 0.0794328 0.9968601

+7.0 dB 0.4466836 0.9130512 +23.0 dB 0.0707946 0.9975034

+8.0 dB 0.3981072 0.9290819 +24.0 dB 0.0630957 0.9980154

+9.0 dB 0.3548134 0.9424353 +25.0 dB 0.0562341 0.9984226

+10.0 dB 0.3162278 0.9534626

6.4.4 LDM Example

An example for LDM illustrating a constellation for each of the Core and Enhanced Layers and
the resulting constellation after combination and normalization is shown in Figure 6.16 and Figure
6.17.

In this example, the Core Layer uses the code rate 4/15 and QPSK modulation as shown in
Figure 6.16(a), and the Enhanced Layer uses the code rate 10/15 and 64-QAM modulation as
shown in Figure 6.16(b). The injection level of the Enhanced Layer below the Core Layer is set to
4 dB, where the scaling factors for power normalization are @« = 0.6309573 and f = 0.8457262,
respectively. The power ratio of the Core Layer relative to the total power is 71.5% whereas the
power ratio of the Enhanced Layer relative to the total power is 28.5%. The resulting combined
constellation is shown in Figure 6.17.
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Figure 6.16 Examples of (a, left) Core Layer and (b, right) Enhanced Layer
constellations.
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Figure 6.17 Example combined constellation after normalization.

6.5 Protection for L1 Signaling

6.5.1  Overview

There are two separate L1 data sections that are input to the framing block to be inserted into the
Preamble, L1-Basic data and L1-Detail data. This data shall be protected using the separate
encoding methods detailed below. The input to the L1-Basic protection block is the 200 bits of L1-
Basic information described in Section 9.2 while the input to the L1-Detail protection block is the
variable number of data bits described in Section 9.3. The outputs of the L1-Basic and L1-Detail
protection blocks are used in the construction of the Preamble (see Section 7.2.5).

Many of the blocks in L1-Basic and L1-Detail protection are common, these blocks are
described in Section 6.5.2. Specific blocks used only for L1-Detail protection are described in
Section 6.5.3.

The complete encoding chain of the L1-Basic signaling is shown in Figure 6.18.

L1-Basic

scramblin | BCH | Zero | LDPC
& ™" Encoding | Padding [ | Encoding
Parlty. . Repetltl?n . Zero' »| Bit Demux |—» ConsteII?tlon
Permutation Puncturing Removing Mapping

Figure 6.18 Block diagram of L1-Basic protection.

With reference to Figure 6.18, Scrambling details are described in Section 6.5.2.2, BCH
encoding is described in Section 6.5.2.3, Zero padding (or shortening) is described in Section
6.5.2.4, LDPC encoding is described in Section 6.5.2.5, Parity permutation in Section 6.5.2.6,
Repetition in Section 6.5.2.7 and Parity Puncturing in Section 6.5.2.8, Zero removal is described
in Section 6.5.2.9, Bit Demuxing in Section 6.5.2.10 and Constellation Mapping is described in
Section 6.5.2.11.

The complete encoding chain of the L1-Detail signaling is shown in Figure 6.19.
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Figure 6.19 Block diagram of the L1-Detail protection.

The details of the L1-Detail specific blocks shown in Figure 6.19 are as follows. Segmentation
details are defined in Section 6.5.3.1 and Additional Parity details are defined in Section 6.5.3.2.

6.5.2

6.5.2.1 Overview of Common Blocks

The L1-Basic and L1-Detail signaling are protected by a concatenation of BCH Outer Code and
LDPC Inner Code. They shall be first scrambled and then BCH-encoded, where the BCH parity-
check bits of the L1-Basic and L1-Detail signaling shall be appended to the L1-Basic and L1-
Detail signaling bits, respectively. The concatenated signaling and BCH parity-check bits are
further protected by a shortened and punctured 16K LDPC code, as described in sections 6.5.2.8
and 6.5.2.9. When required, repetition is applied before puncturing, as described in Section 6.5.2.7.

To provide various robustness levels suitable for wide SNR range, the protection level of L1-
Basic and L1-Detail signaling is categorized into 7 modes based on LDPC codes, modulation order
and shortening/puncturing parameter, i.e., a ratio of the number of bits to be punctured to the
number of bits to be shortened. Each categorized mode employs a distinct combination of LDPC
code, modulation order and constellation and shortening/puncturing pattern.

Table 6.17 presents the ModCod configurations for the 7 modes each of L1-Basic and L1-
Detail. The 16K LDPC codes and non-uniform constellations used for L1 signaling protection
shall be the same as those for Baseband Packet payload.

Kii means the number of information bits for a coded block, i.e., L1 signaling bits of size Kjig
correspond to one LDPC coded block. The value of K for L1-Basic is fixed as 200, however, the
value of K, for L1-Detail is variable since the amount of L1-Detail signaling bits is variable.
Segmentation operation shall be applied to L1-Detail signaling when the number of L1-Detail
signaling bits is larger than the maximum value of K;z defined in Table 6.17. Each segmented L1-
Detail block of size Ky, corresponds to one LDPC coded block. The details of Segmentation are
defined in Section 6.5.3.1.

Common Blocks for L1-Basic and L1-Detail
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Table 6.17 Configurations for L1-Basic and L1-Detail Signaling

Signaling FEC Type Ksig Code Length Code Rate  Constellation Length (Cells)
Mode 1 QPSK 3820
Mode 2 QPSK 934
Mode 3 QPSK 484
L1-Basic Mode 4 200 NUC_16_8/15 259
Mode 5 (341,‘26 pn  INUC_84 9/t 163
Mode 6 NUC_256_9/15 112
Mode 7 16200 NUC_256_13/15 69
Mode 1 200 ~ 2352 QPSK
Mode 2 200 ~ 3072 QPSK
Mode 3 QPSK
L1-Detail Mode 4 NUC_16_8/15
Mode 5 200 ~ 6312 ?'I/'15e B) NUC_64_9/15
Mode 6 yP NUC_256_9/15
Mode 7 NUC_256_13/15

6.5.2.2 Scrambling

Every Kjg bits of information shall be scrambled before BCH encoding. The generator polynomial,
initialization and operation of the scrambler shall be the same as that of the Baseband Packet
scrambler described in Section 5.2.3.

6.5.2.3 BCH Encoding

The systematic BCH code for Niuer = 16200 defined in Section 6.1.2.1 shall be used for outer
encoding of L1-Basic and L1-Detail signaling, followed by zero padding. The parameters for a
shortened BCH code are given in Table 6.18.

Table 6.18 Parameters for BCH Encoding of L1 Information

Signaling FEC Type Ksig Mouter Nouter =
= Kpayload Ksig + Mouter

Mode 1
Mode 2
Mode 3
L1-Basic Mode 4 200 368
Mode 5
Mode 6
Mode 7 168
Mode 1 200 ~ 2352 368 ~ 2520
Mode 2 200 ~ 3072 368 ~ 3240
Mode 3
L1-Detail Mode 4
Mode 5 200 ~ 6312 368 ~ 6480
Mode 6
Mode 7

6.5.2.4 Zero Padding

Some of the information bits of the 16K LDPC code shall be padded with zeros in order to fill
Kiape information bits. The padding bits shall not be transmitted. Here, Kigp is the number of LDPC

41



ATSC A/322:2026-04 Physical Layer Protocol 14 April 2026

encoder input information bits and has the same value of Kjyiaa in the case of no Outer Code for
Ninner =16200 in Section 6.1.1.

All Kjgpe LDPC information bits, denoted by {io, i1, ..., ixigpc -1}, shall be divided into Nino_group
(= Kigpc/360) groups as follows:

Z = {ik|j - [%] 0<k< K,dpc} for 0 < j < Ninfo_group

where Z; represents the jth bit group. The parameters (Nouser, Kidpe, Ninfo_group) for L1-Basic and L1-
Detail signaling data are given in Table 6.19.

Table 6.19 Parameters for Zero Padding

Signaling FEC Type Nouter Kldpc Ninfodgmup
L1-Basic

(all modes) 368

L1-Detail Mode 1 368 ~ 2520 3240 9
L1-Detail Mode 2 368 ~ 3240

L1-Detail Mode 3
L1-Detail Mode 4
L1-Detail Mode 5 368 ~ 6480 6480 18
L1-Detail Mode 6
L1-Detail Mode 7

For 0<j< Nino_group, €ach bit group Z; has 360 bits, as shown in Figure 6.20.

Kigpe LDPC Information bits

A

»

O‘h 1St 2nd (N o g p_2)th (N o g p_1 )th
info_grouy info_grou, LDP FE
Bit Group | Bit Group | Bit Group e Bit Group | Bit Group CFEC
<> -
360 bits 360 bits

Figure 6.20 Format of data after LDPC encoding of L1-Basic/-Detail signaling.

When the length of BCH encoded bits for L1-Basic and L1-Detail signaling, i.e. Noued = Ksigt
Mouter) < Kiape, the Kigpe LDPC information bits shall be filled with Nouer BCH encoded bits and
(Kidpe — Nouter) zero-padded bits for LDPC encoding.

For the given Nouer, the number of zero-padding bits shall be calculated as (Kigpc — Nourer). Then,
the shortening procedure shall be as follows:

Step 1)  Compute the number of groups in which all the bits shall be padded, N4 such that

N — lKldpc_NouterJ
pad 360

Step 2)  When Npaa is not zero, determine the list of Npaa groups, Zr¢(0)> Zrs(1)s -+ +» ZT[S(Npad_ 1)

with ¢ (j) being the shortening pattern order of the j-th bit group to be as described in
Table 6.20. The information bits of the determined groups shall be padded with zeros.
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When Npad 1s zero, then the above procedure shall be skipped.
Step 3)  For the group Zﬂs(Npa 2> Kiape = Nouter — 360 X Npqq) information bits in the first
part of Zrg(Npaa) shall be additionally padded with zeros.

Step 4)  Finally, Nower BCH encoded bits shall be sequentially mapped to bit positions which
are not padded in Kjjpe LDPC information bits, {io, i1, ..., ixipc - 1} by the above
procedure.

Table 6.20 Shortening Pattern of Information Bit Group to be Padded

?ignaling FEC Ngraup Tl's(j) (0 < j < Ngroup)
ype m5(0) | ms(1) | ms(2) | m5(3) | ms(4) | ms(5) | ms(6) | ms(7) | my(8)
n5(9) | ms(10) | ms(11) | ms(12) | ms(13) | ms(14) | mg(15) | ms(16) | ms(17)
L1-Basic 4 1 5 2 8 6 0 7 3
(for all modes) - - - - - - - - -
7 4 1 2
L1-Detail Mode 1 9 8 5 6 3 0
. 6 1 7 8 0 2 4 3 5
L1-Detail Mode 2
0 12 15 13 2 5 7 9 8
L1-Detail Mode 3
6 16 10 14 1 17 11 4 3
. 0 15 5 16 17 1 6 13 11
L1-Detail Mode 4
4 7 12 8 14 2 3 9 10
2 4 5 17 9 7 1 6 15
L1-Detail Mode 5 18
8 10 14 16 0 11 13 12 3
. 0 15 5 16 17 1 6 13 11
L1-Detail Mode 6
4 7 12 8 14 2 3 9 10
15 7 8 11 5 10 16 4 12
L1-Detail Mode 7
3 0 6 9 1 14 17 2 13

6.5.2.5 LDPC Encoding

The Kiape output bits (o, i1, ..., ixidpe—1) from zero inserter, including the (Kigpe — Nourer) zero padding
bits and the Mouer = (Nower — Kisig) BCH parity-check bits constitute the K information bits I =
(@0, i1, ..., ixiape - 1) for the LDPC encoder. The LDPC encoder shall systematically encode the Ky
information bits onto a codeword A of size Niuner: A = (co, C1, ..., CNinner—1) = (i0, 1, -.., iKidpc -1, PO,
D1, ..y PNinner— Kidpe — 1) according to Section 6.1.3.1 (for all L1-Basic Modes and L1-Detail Modes
1 and 2) or Section 6.1.3.2 (for L1-Detail Modes 3, 4, 5, 6 and 7). The LDPC configurations are
given in Table 6.6 and Table 6.7.

6.5.2.6 Parity Permutation
The parity permutation shall be performed only for the parity part (not information part), and the
operation shall consist of a parity interleaver and group-wise parity permutation.

Parity interleaving shall be used for L1-Detail Modes 3, 4, 5, 6 and 7 and shall not be used for
L1-Basic and L1-Detail Modes 1 and 2, since parity interleaving is already included as part of the
LDPC encoding process in these latter modes.

The parity interleaver output is denoted by U = (uo, u1, ..., Unigpe - 1). In the parity interleaving,
parity bits shall be interleaved as:
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u; =¢; for 0 < i < K4y (information bits are not interleaved.)
uKlde+360t+s S CKlde+27S+t fOI‘ O S s < 360, 0 S t < 27.

For L1-Basic and L1-Detail Modes 1 and 2, the parity interleaver is not used. Therefore
Uu; = ¢ for0 <i< Ninner-

The parity interleaved LDPC coded bits, (uo, u1, ..., unigpe - 1), shall be split into Ngroup =
Niape/360 bit groups as follows:

X; = {w1360 X j < k <360 X (j +1),0 < k < Niper} for 0 < j < Nyroup

where X; represents the j-th bit group. Each bit group X; has 360 bits, as illustrated in Figure 6.21.

(Kigpc) LDPC Information (Ninner — Kigpc) LDPC parity bits
360 360 360 360 360 360 360
| I =]
hy .
0™ bit group 1" bit group (Kigpe/360 -1)"bit group (Ninner/360 -1)™ bit group

Figure 6.21 Parity interleaved LDPC codeword bit groups.

The information bits among the parity-interleaved LDPC bits shall not be interleaved by the
group-wise interleaver while the parity bits among the parity-interleaved LDPC bits shall be
interleaved by the group-wise interleaver as follows:

Yj = X]a 0 S] < Kldpc/360
Yj = XTL'p(j)’ Kldpc/360 <j< Ngroup
where Y; represents the group-wise interleaved j-th bit group and mp(j) denotes the permutation
order for group-wise interleaving. LDPC parity bits are arranged such that parity bit groups are

arranged in a reverse order of puncturing pattern by parity permutation. Table 6.21 and Table 6.22
show the permutation order of the group-wise interleaving 7y (j) for the parity part.
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Table 6.21 Group-wise Interleaving Pattern for all L1-Basic Modes, L1-Detail
Modes 1 and 2

Signaling  Ngroup Order of Group-Wise Interleaving
FEC Type p(j) (9 < j < 45)
mp(9) | mp(10) | mp(11) |1TTp(12) | Mp(13) |TTp(14) | Tp(15) |TTp(16) | Mp(17) |T1p(18) | Mp(19) |T1p(20)
mp(21) | p(22) | Tp(23) |TTp(24) | Tp(25) |TTp(26) | Tp(27) |TTp(28) | Tp(29) |T1p(30) | Mp(31) |TTp(32)
p(33) | p(34) | TMp(35) |TTp(36) | Mp(37) |TTp(38) | Mp(39) | TTp(40) | Mp(41) |TTp(42) | TTp(43) |TTp(44)
] 20 23 25 32 38 41 18 9 10 11 31 24
L1-Basic 14 15 |26 |40 |33 |19 |28 |34 |16 |39 |27 |30
(all modes)
21 44 43 35 42 36 12 13 29 22 37 17
) 16 22 27 30 37 44 20 23 25 32 38 41
Ih-ll1c;c?:t1a“ 45 |9 10 |17 |18 |21 |33 |35 |14 |28 |12 |15 |19
11 24 29 34 36 13 40 43 31 26 39 42
] 9 31 23 10 11 25 43 29 36 16 27 34
Li-Detal 26 |18 |37 |15 |13 17 35 |21 |20 |24 |44 |12
ode 2
22 40 19 32 38 41 30 33 14 28 39 42
Table 6.22 Group-wise Interleaving Pattern for L1-Detail Modes 3, 4, 5, 6 and 7
Signaling Ngroup Order of Group-Wise Interleaving
FEC np(j) (18 < j < 45)
Type p(18) | mp(19) | Mp(20) | mp(21) | Mp(22) | 1Tp(23) | mp(24) | Tp(25) | Tp(26) | p(27) | TTp(28) | Tp(29) | TTp(30) | Tp(31)
1p(32) | Tp(33) | Tp(34) | Tp(35) | Tp(36) | Tp(37)| 7p(38) | 7p(39) | Mp(40) | Tp(41) | TTp(42) | TTp(43) | TTp(44)
L1-Detail 19 37 |30 |42 |23 |44 |27 |40 |21 34 |25 |32 (29 |24
Mode 3 26 35 39 20 18 43 31 36 38 22 33 28 |41
L1-Detail 20 35 |42 39 |26 (23 |30 18 |28 37 |32 27 |44 |43
Mode 4 41 40 38 36 34 33 31 29 25 24 22 21 19
L1-Detail |, 19 37 |33 |26 |40 |43 |22 29 |24 35 |44 |31 27 |20
Mode 5 21 39 25 42 34 18 32 38 23 30 28 36 |41
L1-Detail 20 35 |42 39 |26 (23 |30 18 |28 37 |32 27 |44 |43
Mode 6 41 40 38 36 34 33 31 29 25 24 22 21 19
L1-Detail 44 |23 |29 (33 (24 |28 |21 27 |42 18 |22 31 32 37
Mode 7 43 30 25 35 20 34 39 36 19 41 40 26 38

6.5.2.7 Repetition

For L1-Basic Mode 1 and L1-Detail Mode 1 only, additional Ny.¢peq; bits shall be selected from

within the encoded LDPC codeword and transmitted. Repetition shall not be performed for any
other modes.

The repetition procedure is as follows:

Step 1)

For a given N, the number of parity bits to be additionally transmitted per LDPC
codeword, Nyepeqt» shall be calculated by multiplying Nouer by a fixed number C and

adding an even integer D. The values of C and D shall be selected according to Table

6.23.

Nrepeat =2 X |C X Noyter] + D.
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Table 6.23 Parameters for Repetition

Nouter Ksig Kldpc C D Nldpc _parity Nmop
(= Ninner - KIdpc)
L1-Basic Mode 1 368 200 3240 |0 +3672 12960 2
L1-Detail Mode 1 368 ~ 2520 200 ~ 2352 3240 |61/16 |—508 12960 2

Step 2)  If Nyepeat < Niapc parity » the first Nypgpeqe bits of the LDPC parity with parity
permutation shall be appended to the LDPC information bits, as shown in Figure 6.22.

(KIdPC) Information (Nldpciparity) parIty bits

[}
I
I
I
I
I
I
I
I
I
I
\J

(Nrepeat )

Figure 6.22 Parity Repetition (Nyepear < Nidpe parity)-

If Nyepeat > Niape parity> the Nigpe parity bits of the LDPC parity with parity permutation
shall be appended to the LDPC information bits and the first (Nyepear — Nigpc parity) bits of the
LDPC parity with parity permutation shall be additionally appended to the first appended
Niapc parity bits, as shown in Figure 6.23.

Kigpc) Information (Nigpc_parity) parity bits

>
-

(N/dpc_parity) parity bits

Figure 6.23 Parity Repetition (Nyepear > Nidpe parity)-

6.5.2.8 Parity Puncturing

Some LDPC parity bits are punctured after parity permutation. These punctured bits are not
transmitted in the Frame carrying the L1 signaling bits.

For a given N, the number of parity bits to be punctured per LDPC codeword and the size
of one coded block shall be determined as described in the following steps:

Step 1)
Npunc_temp = IA X (Kldpc - Nouter)J + B
Depending on the Mode, the temporary size of puncturing bits shall be calculated by
multiplying the shortening length by a ratio of the number of bits to be punctured to the number
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of bits to be shortened, 4, and adding a constant integer B. K;4pc, A and B shall be selected
according to Table 6.24.

Table 6.24 Parameters for Puncturing

Signaling FEC Type Nouter Kidpc A B Nidpc_parity Nmobp
Mode 1 9360 2
Mode 2 11460 2
Mode 3 12360 2
L1-Basic Mode 4 368 0 12292 4
Mode 5 3240 12350 12960 6
Mode 6 12432 8
Mode 7 12776 8
Mode 1 368 ~ 2520 712 0 2
Mode 2 368 ~ 3240 2 6036 2
Mode 3 11/16 4653 2
L1-Detail Mode 4 29/32 3200 4
Mode 5 368 ~ 6480 6480 3/4 4284 9720 6
Mode 6 11/16 4900 8
Mode 7 49/256 8246 8
Step 2)
NFEC_temp = Nouter + Nldpc_parity - Npunc_temp

where the number of LDPC parity bits, Nygp¢ parity shall be selected according to Table 6.24.
Step 3)

where 17y,0p denotes the modulation order, which is defined in Table 6.24. Npg is an integer
multiple of the modulation order.

Step 4)
Npunc = Npunc_temp - (NFEC - NFEC_temp)

where Npgc denotes the total number of encoded bits by BCH and LDPC for each information
block.

The last Ny bits of the whole LDPC codeword with parity permutation and repetition shall
be punctured as shown in Figure 6.24 and Figure 6.25 when N, is a positive integer. Note that
the repetition is applied only for L1-Basic Mode 1 and L1-Detail Mode 1.
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(Kigoc) Information

\J

< (Nrepeat) —

: : Puncturing

(Nldpc_parity+ Nrepeat_ Npunc) parity bits (Nnunc) g

Figure 6.24 Example 1 of parity puncturing after repetition.

(Kigpc) Information (Nidpc_parity) parity bits
<> =

(Nldpcfparity) parity bits

>

Puncturing :

= (Nrepeut) >
(Nldpc_parr'ty"' Nrepeat_ Npunr) Pafity bitS

(Npunc )

\/

Figure 6.25 Example 2 of parity puncturing after repetition.

6.5.2.9 Zero Removal

The (Kiape — Nouer) zero padding bits shall be removed and shall not be transmitted. This leaves a
word consisting of the K;z information bits, followed by the 168 BCH parity bits and (Niuner — Kiape
— Npunc) Ot (Ninner — Kidpe — Npune + Nrepear) parity bits, as illustrated in Figure 6.26. Note that the
length of the whole LDPC codeword with repetition is (Nrec+ Nrepear)-

th % hd th 7 “iEEV Z
a8 K

See
e
e
e
e
e
e
e
-
e
e
e
e
e
e
-

L1 signaling information
for transmission

7 zero-padded ~ TT-- h >
/ bits

th |and| ath th T
0 2 3 6 - 10

Figure 6.26 Example of removal of zero-padding bits.
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6.5.2.10 Bit Demuxing

Following zero padded bit removal, the remaining bits of length Nrec or (Nrec + Nrepear) shall be
written serially into the Block Interleaver column-wise, where the number of columns shall be the
same as the modulation order.

In the read operation, the bits for one constellation symbol shall be read out sequentially row-
wise and fed into the bit demultiplexer block. These operations shall continue until the end of the
column. Figure 6.27 shows the block interleaving process.

1 2 e TMOD
v [ ¥ —
T ______.'=| > erte
B wite
| 7 read
S
=
8 [ | e -
v P :
v T

Figure 6.27 Block interleaving scheme.

Each block interleaved group is demultiplexed bit-by-bit in a group before constellation
mapping. Depending on modulation order, there are two mapping rules. In the case of QPSK, the
reliability of bits in a symbol is equal. Therefore, a bit group read out from the Block Interleaver
shall be mapped directly to a QAM symbol without any intervening operation. In the cases of
higher order modulations a bit group shall be mapped to a QAM symbol with the rule described
as follows:

Sdemux_in (1) = {b;(0),b; (1), b;(2),....b; (Myop — 1)}

Sdemuxﬁout (1) = {Ci(0)’Ci(1)aci(2)""5Ci(nMOD - 1)}’

¢;(0) = b; ((%npop ), i (1) = by (i + 1)%Npiop - € (Mo —1) = b (1 + Nyop —1)%Nmop )
where i is the bit group index corresponding to the row index in block interleaving, i.e. output bit

group Svemux our(i) to map each QAM symbol is cyclically shifted from Saemux in(i) according to bit
group index i.

sdemux_in(o) sdemux_in(]-) sdemux_in(z)
a) block interleaving bO(O)‘ bo(1) bO(Z)‘ b0(3)| ’bl(o)i b1(1) b1(2)1 b1(3)‘ ‘bz(o)‘ b2(1) b2(2)’ b2(3)|
output
b) Bitdemux
output €0(0)| cO(1)| c0(2)| c0(3) c1(0)| ci(1)| c1(2)| c1(3) c2(0)| c2(1)| c2(2)| c2(3)
S demux_out(o) S demuxfout( 1) S demuxfout(z)

Figure 6.28 Example of bit demultiplexing rule for 16-NUC.
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Figure 6.28 shows an example of the bit demultiplexing rule for 16-NUC.
This operation shall continue until all bit groups have been read from the Block Interleaver.

6.5.2.11 Constellation Mapping

Each demultiplexed LDPC block shall be mapped onto constellation symbols. According to the
Mode Sgemux output (1) shall be mapped to cells using constellations as described in Section 6.3.

6.5.3 L1-Detail Specific Block Details

The following subsections refer to blocks that only occur in the encoding of L1-Detail information.
6.5.3.1 Segmentation

The amount of L1-Detail signaling information bits is variable and depends mainly on the number
of Subframes and the number of PLPs. Therefore, one or more FEC Frames may be required for

transmission of the total amount of signaling. The number of FEC Frames for the L1-Detail
signaling, Nz;p recrrame, shall be determined as follows:

_ KLlD_ex_pad
NL1D_FECFRAME - K
seg

where (x—l means the smallest integer larger than or equal to x, K for each L1-Detail Mode is

defined in Table 6.25 and Kiip ex paa shall be determined by the value of the field
L1B_L1_Detail_size_bytes in L1-Basic signaling, which denotes the length of the L1-Detail signaling
(excluding L1 Padding bits), as described in Figure 6.29.

Kieg 1s a threshold number defined for segmentation based on the number of LDPC encoder
input information bits (Kiapc). Kseq causes the number of information bits in a coded block after the
segmentation (Kjig) to be less than or equal to (Kigpe — Mouser). Here, Kigpe and Mouzer are given in
Table 6.18 and Table 6.19 in Sections 6.5.2.3 and 6.5.2.4, respectively. Note that the value of Kyeo
for L1-Detail Mode 1 is set to (Kigpe — Mouwer — 720) to provide sufficient robustness.

Table 6.25 K, for L1-Detail Signaling

L1-Detail Kseg
Mode 1 2352
Mode 2 3072
Mode 3
Mode 4
Mode 5 6312
Mode 6
Mode 7

The length of the L1_PADDING field for the L1-Detail signaling, K.:p pap, shall be calculated as
follows:

KLlD_ex_pad

Ki1p pap = X 8 X Np1p rEcrramE — Ki11D ex pad-

Nyp1p rECFRAME X 8
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The L1_PADDING parts shall be filled with K;;p pap zeros. This is illustrated in Figure 6.29. The
final length of the whole L1-Detail signaling including the zero-padding bits, K1;p shall be set as
follows:

Kiip = Ki1p ex paa + Kiip_pap-
The number of information bits in each of Nz;p recrrame blocks, Kiig shall then be given by:

KLlD

Ksig = N .
L1D_FECFRAME

The L1-Detail signaling shall be segmented into Nzip recrrame blocks when Npip recrrame 18
larger than 1, as illustrated in Figure 6.29

KL1D_ex_pad
(L1B_L1_Detail_size_bits)

L1
L1-Detail Paddlng
L1
) e -~ Padding
Ksig——— Ksig—— | o Ksig——————
L1D_1 L1D_2 e L1D_N
Information bits Information bits . Information bits
in first coded block in second coded block in Npip_recrrame coded block

Figure 6.29 Segmentation of L1-Detail signaling.

Each segmented L1-Detail block shall be protected according to the procedures described in
Section 6.5.2. All of the bits of each L1-Detail block with information size of K shall be
scrambled according to Section 6.5.2.2. Each scrambled L1-Detail signaling block shall then be
protected by a concatenation of a BCH Outer Code and an LDPC Inner Code. Each L1-Detail
signaling block shall be first BCH-encoded, where Mouer (= 168) BCH parity-check bits are
appended to Kj;, information bits of each block. The resulting concatenation of the information
bits of each block and the BCH parity bits shall then be protected by a shortened and punctured
16K LDPC code, as described in Sections 6.5.2.8 and 6.5.2.9. When required, repetition shall be
applied before puncturing, as described in Section 6.5.2.7.

6.5.3.2 Additional Parity

To increase further the robustness of the L1-Detail signaling, additional parity bits for the L1-
Detail signaling of the Frame #(i) may be transmitted in the closest (in time) previous Frame #(i-
1) that has the same bootstrap major/minor version as does the Frame #(i). Figure 6.30 shows how
additional parity bits for L1-Detail in Frame #(i) shall be transmitted in the Preamble of Frame #(i-
1).
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The use of additional parity bits for L1-Detail of Frame #(i) with the same major/minor
bootstrap version is signaled with L1B_L1_Detail_additional_parity_mode in the Frame #(i-/). When
L1B_L1_Detail_additional_parity_mode is set to ‘00’ in Frame #(i-1), additional parity for L1-Detail
signaling of the Frame #(i) shall not be transmitted in Frame #(i-1).

< Frame # (i-1)
P preamble . >
s P Additional Parity
L1-Basic (i-1) | L1-Detail (i-1) for L1-Detail (i) PLPs (DATA)
. Parity for . Parity for . Parity for AP for AP for
LD 1y iy 1 YPO2 g by 2 L-DELN F g pi-) N | LD()1 || L-D()M
L1-Detail codewords in current frame #(i-1) - 7 Additional Parity for L1-Detail
_— in next frame #(i)
Additional Parity
L1-Basic (i)
< Frame # (i) > |
e N L1B_L1_Detail_additional_parity_mode
. g - Additional Parity .
- - L1B_L1_Detail_total_cell
L1-Basic (i) L1-Detail (i) for L1-Detail (i+1) PLPs (DATA) _L1_Detail_total_cells
" Parity for . Parity for AP for AP for
L1-D(i)_1 L1-D(i)_1 L1-D(i)_M L1-D(i)_M L1-D(i+1)_1 7 | L1-D(i+1)_P
L1-Detail codewords in current frame #(i) Additional Parity for L1-Detail
in next frame #(i+1)
MODCOD MODCOD MODCOD MOD AP MOD AP
L1-D(i)_1 L1-D(i)_2 L1-D(i)_M | L1-D(i+1)_1 | | L1-D(i+1)_P

L1B_L1_Detail_total_cells

Figure 6.30 Additional parity for L1-Detail signaling.

The result of using additional parity is diversity gain for the L1 signaling. When the number
of punctured bits is larger than the number of additional parity bits, additional parity bits shall be
generated by selecting the bits among punctured bits based on puncturing order. Otherwise,
additional parity bits shall be generated by selecting all punctured bits and then selecting (N4p —
Npunc) parlty bits.

Vo Viidpc -1 VKidpe VKidpc+Nrepeat-1 VKidpc+Nrepeat

<— (Kignc) > (Nrepeat) —> <+ (Nidpc_pariry ) arity bits ———————>

LDPC information Repeated Parity bits LDPC Parity bits

Figure 6.31 Repeated LDPC codeword.

VKidpc+Nrepeat-1

The number of additional parity bits shall be decided from the total number of transmitted bits
in the current Frame. Based on the repeated LDPC codeword denoted by V = (vo, vi, ... ,
VNinner+Nrepear-1) @S shown in Figure 6.31, additional parity bits shall be generated by the following
operations:

Step 1) Compute the temporary number of additional parity bits such that
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0.5 X K X (Nouter + Nldpc_parity - Npunc + Nrepeat)r

}, K=0,1,2
(Nldpc_parity + Npunc + Nrepeat)

Nap_temp = mln{

where K corresponds to the field L1B_L1_Detail_additional_parity_mode in L.1-Basic and where the
operation

. aifa<b
min(a,b) = {b, ifb<a
L1B_L1_Detail_additional_parity_mode is the ratio of the number of additional parity bits to half of the
total number of bits in the transmitted coded L1-Detail signaling block, which is the L1-Detail
signaling block following repetition, puncturing and zero-removal. Note that the value of
L1B_L1_Detail_additional_parity_mode related to the L1-Detail of Frame (#1) is carried in Frame (#i-
1); that is, the previous Frame.

Step 2)  Derive the number of additional parity bits as the following integer multiple of the
modulation order:

NAP_temp

Nyp = l J X Nmop

Nmop

where the operation | x| means the largest integer less than or equal to x and 71y,0p denotes the
modulation order taking the value 2, 4, 6, and 8 for QPSK, 16-NUC, 64-NUC and 256-NUC,
respectively.

Step 3)  If Nap < Npunc, then punctured parity bits

(erepeat+Ninner_Npunc’ erepeat"'Ninner_Npunc"‘l’ T erepeat+Ninner_Npunc+NAP_1)

shall be selected for additional parity as shown in Figure 6.32.
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__(Kippc )Information (Nigpe_parity) parity bits

- »
- — -

:‘7 (Nrepeat ) ’ | Punctured Bits

»lg AY
-+ — L B
(Nldpc_parity+ Nrepeat Npunc) : AN (Npunc ) N
1
1
1
1
|

AN

-

PR —_— < (NAP)Addltlonal —»
parity bits

(Nldpc_parity + Nrepeat - Npunc)

Transmitted in frame #(i) Transmitted in frame #(i-1)

Figure 6.32 Additional parity generation for L1-Detail signaling (N4p < Npunc).

Otherwise (Nup > Npune); therefore all punctured parity bits
(erepeat+Ninner_Npunc' erepeat"'Ninner_Npunc"'l' B erepeat"‘Ninner_l) shall be SeleCted’ and
additionally, parity bits (v, dpe’ VKidpe+ 17" VK o+ N ap— Npunc_l) shall be selected and appended

to the punctured bits as shown in Figure 6.33.

(Kippe )Information (Nigpe_parity) Parity bits

] I
arity) Parity bits ——————1

|
Punctured bits

- (N ldpc_parity +N, repeat — N punc)

(Nldpc_parity+ Nrepeat_ Npum:) > (NAP ) Additional parity bits ——

Transmitted in frame #(i) Transmitted in frame #(i-1)

Figure 6.33 Additional parity generation for L1-Detail signaling (Nar >Npunc).

Note that the number of bits for repetition, Nyepear, 1s 0 for L1-Detail Modes 2, 3, 4, 5, 6 and 7.
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The additional parity bits shall be bit-interleaved and mapped onto constellations as described
in Sections 6.5.2.10 and 6.5.2.11, respectively. The constellations generated for the additional
parity bits shall be generated in the same manner as for the repeated, punctured and zero-removed
L1-Detail signaling bits that are transmitted in the current Frame. After mapping onto
constellations, the additional parity bits shall be appended to coded L1-Detail signaling blocks in
the Frame preceding the current Frame carrying the L1-Detail signaling of current Frame, as
illustrated in Figure 6.30.

7. FRAMING AND INTERLEAVING

The framing and interleaving block consists of three parts: time interleaving, framing and
frequency interleaving. The input to the time interleaving and framing blocks consists of one or
more PLPs, however the output of the framing block is OFDM symbols, either Preamble, Data, or
Subframe Boundary Symbols which are arranged in the order in which they appear in the final
Frame. The frequency interleaver operates on OFDM symbols. A block diagram of the framing
and interleaving is shown in Figure 7.1.

Framing and Interleaving
. Preamble,
Cells for _ _ Time _ b
PLPO o | Interleaving " e el
Cells Boundary -
ells for - . requency
> > T > Symbols E
PLP1 InterII::/in . Y > Inzgﬁll:zzc;:ny »— Interleaved
8 Framing g Symbols
Cells for o o Time o
PLPn i "| Interleaving .

Figure 7.1 Block diagram of framing and interleaving.

7.1 Time Interleaving

The input to the time interleaving block is a stream of cells output from the mapper block, and the
output of the time interleaving block is a stream of time-interleaved cells.

7.1.1  Time Interleaver Modes

Each PLP is configured with one of the following time interleaver modes as applicable: no time
interleaving, Convolutional Time Interleaver (CTI) mode (see Section 7.1.4), or Hybrid Time
Interleaver (HTI) mode (see Section 7.1.5). The time interleaver mode for a PLP is indicated by
the L1-Detail signalling field L1D_plp_TI_mode. The time interleaver mode indicated for an
Enhanced PLP shall be the same as the time interleaver mode indicated for the Core PLP(s) with
which the Enhanced PLP is layered division multiplexed.

When, as determined at the input to the time interleaver, a complete delivered product is
composed of only a single constant-cell-rate PLP or is composed of a single constant-cell-rate Core
PLP and one or more constant-cell-rate Enhanced PLPs layered division multiplexed with that
Core PLP, the PLP(s) comprising that complete delivered product shall be configured with one of
the following time interleaver modes: no time interleaving, CTI mode, or HTI mode.
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When, as determined at the input to the time interleaver, a complete delivered product is
composed of PLPs having characteristics different from those described in the preceding
paragraph, the PLPs comprising that complete delivered product shall be configured with one of
the following time interleaver modes: no time interleaving or HTI mode.

The time interleaver mode(s) for the PLPs of a particular complete delivered product shall be
configured independently of the time interleaver mode(s) for the PLP(s) of any other delivered
products transmitted within the same RF channel. When a particular delivered product contains
multiple Core PLPs and/or PLPs that are not layered division multiplexed, those PLPs may be
configured with the same or different time interleaver modes (i.e., no time interleaving and/or HTI
mode) and/or the same or different time interleaver parameters.

When a particular complete delivered product contains multiple Core PLPs that are not
layered-division multiplexed and all of those Core PLPs use the HTI mode, either all of those Core
PLPs shall use intra-Subframe interleaving or else all of those Core PLPs shall use inter-Subframe
interleaving (i.e., all of those Core PLPs shall be configured with the same value of
L1D_plp_HTI_inter_subframe). When inter-Subframe interleaving is used for those Core PLPs (i.e.,
L1D_plp_HTI_inter_subframe = 1), then all of those Core PLPs shall use the same time interleaving
unit (N).

When a particular complete delivered product contains multiple Core PLPs that are not
layered-division multiplexed and at least one of those Core PLPs uses the no-TI mode, any of those
Core PLPs configured with the HTI mode shall use the intra-Subframe interleaving mode (i.e.,
L1D_plp_HTI_inter_subframe = ().

When time interleaving is not configured for a PLP, that PLP’s cells shall be output in the same
order as that in which they would have arrived at the input of the time interleaving function and
without delay.

7.1.2 Time Interleaver Size

The maximum size of the TI memory for a single, complete delivered product shall be M= 2"
cells, except for extended interleaving mode, for which the maximum size of the TI memory for a
single, complete delivered product shall be M7= 2%° cells. The TI memory size shall include all
necessary parts; that is, the Convolutional Time Interleaver in CTI mode and the Cell, Twisted
Block and Convolutional Delay Line interleavers in HTT mode.

In the CTI mode the entire TI memory may be used by the PLP associated with the particular
CTI, depending on the configured depth of the Convolutional Time Interleaver.

In the HTT mode, the total memory shall be shared between PLPs carrying components of the
same complete delivered product. The memory allocated for each PLP shall be determined from
the throughput for that PLP.

Note that receiver manufacturers can choose always to implement the time deinterleaver
memory with M7= 2" cells, irrespective of the extended time interleaving mode, by quantizing
the received data entering the time deinterleaver with a different resolution depending on the
robustness of the constellation, that is, lower resolution for QPSK and extended time interleaving,
and higher resolution for all other combinations.

7.1.3 Extended Interleaving

Extended interleaving mode may be optionally enabled in order to increase the time interleaving
depth. Extended interleaving mode is signaled by L1D_plp_TI_extended_interleaving. Extended
interleaving shall only be used when the modulation is QPSK. Extended interleaving shall not be
used for LDM. In the CTI mode when extended interleaving is used, L1D_plp_CTI_depth=010 signals
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rows = 1254, and L1D_plp_CTI_depth=011 signals N,ows = 1448, corresponding to time interleaving
depths of approximately 300 ms, and 400 ms, respectively.
When extended interleaving is used in the HTI mode, the number of FEC Blocks per TI Block
may be increased. The maximum allowable number of FEC Blocks per TI Block in the extended
HTI mode is approximately twice the maximum allowable in the non-extended HTI mode.

7.1.4  Convolutional Time Interleaver (CTIl) Mode

The time interleaving block for the CTI Mode is shown in Figure 7.2. It consists of a Convolutional
Time Interleaver. The input and output of the time interleaving block is a sequence of cells.

Time Interleaving (CTI Mode)

Convolutional
PLPN ——p——Pp Time ————»r—» PLPn
Interleaver

Figure 7.2 Block diagram for time interleaving for CTI Mode.

7.1.4.1 Convolutional Time Interleaver
The Convolutional Time Interleaver is depicted in Figure 7.3.

0
T 1
1 --

A 2
3

-- - —)
Nrcws‘1

Qe -- p—(

Necgumns == 3 2 1 0

Figure 7.3 Block diagram of the Convolutional Time Interleaver.

The input to the Convolutional Time Interleaver block shall be a sequence of cells g, (where ¢
= 0,1,...) from the mapper output. The CTI shall consist of N.ws delay lines, with the &-th line
having k delay elements, k=0, 1, ..., Nows-1. Each delay element shall be capable of storing one
cell. The number of columns Neonumns shall be Nyows— 1. Input and output shall be controlled by two
commutators, cyclically switching downwards after one cell is written in or read out, respectively.
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For each cell g;, the commutators shall be located at the same row k. The resulting total number
of delay elements is Nyows X Neotumns | 2.

When the input commutator is located at row £, a cell g, shall be written to this delay line. First,
each delay element from this line shall shift its memory content to the neighbouring right delay
element, and the content from the right-most delay element shall be output via the output
commutator. Next, the input cell g, shall be written to the left-most delay element of this line. Both
commutators shall then move cyclically to the next line (k+1) mod Nyows.

The structures for CTI Mode are defined in terms of the parameter N,ous, see Table 9.26 for
details. The values Noows € {1024, 887, 724, 512} represent time interleaving depths of
approximately 200 ms, 150 ms, 100 ms and 50 ms, respectively, assuming the Core PLP occupies
the full channel bandwidth. The depth of the Convolutional Time Interleaver, shall be indicated by
the parameter L1D_plp_CTI_depth.

In contrast to HTI Mode, the CTI Mode TI outputs cells continuously and insertion of dummy
modulation values to achieve an integer number of FEC Blocks per Subframe is not required, thus
reducing the overhead. The position of the commutator at the start of each Subframe shall be
signaled by L1D_plp_CTI_start_row and the position of the start of the first complete FEC Block shall
be signaled by L1D_plp_CTI_fec_block_start.

7.1.4.2 Initial State of the Delay Elements

For CTI according to Section 7.1.4.1 both with and without extended interleaving according to
Section 7.1.3, the initial contents of the delay elements shall be defined as follows:

Since the number of delay elements in the CTI is Nrows X Neowmns / 2, a total number of nymop
Nrows % Neowmns / 2 bits shall be generated using the same PRBS generator described in Section
5.2.3, starting from the initial state. nmop is the modulation order as defined in Table 6.14, and
shall be used according to the chosen modulation of the Core PLP. These bits shall be mapped to
QAM cells according to Section 6.3, forming a sequence of cells gj.

The delay elements shall be then filled by g, from left to right and from top to bottom. This
means go shall be the initial state of the delay element in row k£ = 1, and g; shall be the initial state
of the left-most delay element in row k = 2, while g2 shall be the initial state of the second delay
element in this row. In row k = 3, the three delay elements from left to right have initial states g3,
g4, g5 and so on until the last of these cells forms the initial state of the right-most delay element
of the last row, k = Nyows -1.

7.1.5 Hybrid Time Interleaver (HTI) Mode

The time interleaving for the HTI mode is shown in Figure 7.4, and it consists of a Cell Interleaver,
a Twisted Block Interleaver (TBI), and a Convolutional Delay Line (CDL). The input to the Hybrid
Time Interleaver is a sequence of cells from the mapper block, and the output is a sequence of
time-interleaved cells.

The Cell Interleaver takes input cells in FEC Blocks and arranges them into TI Blocks. A TI
Block consists of one or more FEC Blocks. The Cell Interleaver interleaves cells within each FEC
Block. The use of the Cell Interleaver is optional and is indicated by the parameter
L1D_plp_HTI_cell_interleaver.
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Time Interleaving (HTI Mode)

Cell ‘ N Twisted Block N Convolutional > PLPn

PLPN ———p )
Interleaver Interleaver (TBI) Delay Line (CDL)

Figure 7.4 Block diagram for time interleaving for HTT mode.

The Twisted Block Interleaver (TBI) performs intra-Subframe interleaving by interleaving TI
Blocks. A TI Block is composed of one or more cell-interleaved FEC Blocks
(L1D_plp_HTI_cell_interleaver=1) or non-cell-interleaved FEC Blocks directly from the mapper block
(L1D_plp_HTI_cell_interleaver=0).

After block interleaving, the Convolutional Delay Line optionally performs inter-Subframe
interleaving. When configured, it spreads a block-interleaved TI Block over multiple Subframes.
The use of the Convolutional Delay Line is signaled with the parameter L1D_plp_HTI_inter_subframe.

7.1.5.1 Relationship between IF and Tl Blocks

FEC Blocks from the mapper block shall be grouped into interleaving frames (IFs). Note that
interleaving frames and physical layer Frames (as specified in Section 7.2) are independent
constructs. Each IF shall contain a dynamically variable integer number of FEC Blocks. The
number of FEC Blocks in the IF of index n is denoted by Np;ocks 1r(n). NpLocks 1r(n) may vary
from a minimum value of 1 to a maximum value Np;ocks 1r max- Each IF is either mapped directly
onto one Subframe or spread out over multiple Subframes. Each IF is also divided into one or more
TI Blocks, where a TI Block is the basic unit to operate the Cell Interleaver, Twisted Block
Interleaver and Convolutional Delay Line. The number of TI Blocks in an interleaving frame,
denoted by Nr;, shall be an integer and is signaled by L1D_plp_HTI_num_ti_blocks in conjunction
with L1D_plp_HTI_inter_subframe (i.c. L1D_plp_HTL inter_subframe = 0). The TI Blocks within an IF
may contain slightly different numbers of FEC Blocks. When an IF extends over multiple
Subframes (i.e. L1D_plp_HTI_inter_subframe = 1), then one IF contains exactly one TI Block and
N7; = 1. The number of FEC Blocks in a TI Block of index s of an interleaving frame n is denoted
by Negc r1(n, s), where 0 < s < Nyj.

When N;; =1, then there will be only one TI Block, with index s =0, per IF and
Nrgc r1(n, s) shall be equal to the number of FEC Blocks in the IF, Np; ocxs 1r(1).

When Np; > 1, then the value of Negc 7;(n, s) for each TI Block (index s) within the IF (index
n) shall be calculated as follows:

Ngocks.ir(n) -
{N—_ ,$ < Np; [NBLOCKSIF(”') mod Nr]
N (n,s) = " n n) m
FECTI Ngrocks.ir(n) >
N—n +1 ,s= Np;— [Nprocks,-(n) mod Nr,]

This ensures that the values of Nrgc ;(n, s) for the TI Blocks within an IF differ by at most one
FEC Block and that the smaller TI Blocks come first. The FEC Blocks at the input shall be assigned
to TI Blocks in increasing order of s. Nggc r;(n, s) may vary in time from a minimum value of 1
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to a maximum value NFEC_TI_MAX' NFEC_TI_MAX can be determined from NBLOCKS_IF_MAX by the
following formula:

N _ NBLOCKS_IF_MAX
FEC_TI_MAX — N. '
TI

Note that NBLOCKS_IF (n) 1S Signaled as L1D_plp_HTI_num_fec_blocks and NBLOCKS_IF_MAX 18
signaled as L1D_plp_HTI_num_fec_blocks_max.

7.1.5.2 Cell Interleaver

The input to the Cell Interleaver is a sequence of cells G(r) = (9r.0, Gr1) Gr20***» Ir.Ncelis—1)
arranged in FEC Blocks, where r represents the incremental index of a FEC Block within a TI
Block and shall be reset to zero at the beginning of each TI Block. N,.;;s indicates the FEC Block
length and is determined by N4, /Muop (see Table 6.14).

Figure 7.5 shows the cell interleaving operation; cell interleaving shall be accomplished by
writing a FEC Block into memory and reading the FEC Block pseudo-randomly according to the
method described below. The permutation sequence varies every FEC Block within a TI Block.
Each permutation sequence shall be determined by shifting one pseudo random sequence
differently.

FECBlock 0 see Negem— 1 ) Negem— 1
Index (r) &1 5] e A | EN
3] [7] H o R
| i : 1
—— —— —— — —
2 2 i 12 L
3 3 ' 3
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- 2| | z
] ] ]
. [ ] o0 e . LN ]
HEH | [
Neeus = [0 = m | | |
i . — z -
' ' .
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'] [ [ . . .
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— —— —
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S - —| = -
S e —
HgH 0 O £
el ... [ ) .. _>
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(a) (b)

Figure 7.5 Block diagram of the Cell Interleaver: (a) Linear writing operation, (b)
Pseudo-random reading operation.
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From Figure 7.5 the output of the Cell Interleaver shall be a vector D(r) =
(dr,o; dr,lr dr,Zr Y dr,Ncells—l) with dr,qr defined by

drq = 9r1.(q foreachq =0,1,-+, Negys — 1,
L,(q) is a permutation function applied to the r-th FEC Block of the TI Block and is given by

L, (q) = [Lo(q) + P(r)] mod N ey

where Ly (q) is the basic permutation function (typically for the first FEC Block of a TI Block)
and P(r) is the shift value to be used in the r-th FEC Block of the TI Block.

A constant shift (modulo N.;;5) shall be added to the basic permutation in order to generate a
different interleaving sequence over each FEC Block.

The basic permutation function Ly(q) is defined by the following algorithm.

An N;-bit binary word S; is defined as follows:

For all i: S;[N; — 1] = (i mod 2),
Fori=01: S;[N;—2,N;—3,--,1,0] = [0,0,,0,0],
Fori=2:  S,[N;—2,N;—3,--,1,0] = [0,0,,0,1],
For2 <i<2Ve:  SN;—3,N;—4--1,0]=S,_4[N;—2 Ny —3,-,21],
for Ng = 11: Si[9] = S;_1[0]®S;_4[3],
for Ny = 12: 5;[10] = S;_,[0]®S;_1[2],
for Ng = 13: 5;[11] = $;—1[0]DS;—1[1]DS;—1[4]DS;-1[6],
for Ny = 14: S[12] = S;_,[01®S;_ [11®S;_1 [41®S;_1 [S]1®S;_1 [91®S; 1 [11],
for Ny = 15: 5;[13] = S;_1[0]®S;_1[1]1DS;—1[2]DS;-1[12],

where Ny = [log, N.eis1. The sequence Ly (q) is then generated by discarding values of S; greater
than or equal to N.;;s as defined in the following algorithm:

q=0;
for(i=0;i<2Nd;i=i+1)
{

Lo(q) = X747 $:(D2/;
if (LO(Q) < Ncells)a q=q+1,
}

The shift value P(r) to be applied in the r-th FEC Block is the conversion to decimal of the
bit-reversed value of a counter k in binary notation over Ny bits. The counter is incremented if the
bit-reversed value is too large.
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k =0;
for (T = 0;7 < Nggc r1(n,8); 7 + +)
{

P(T’) = Nceurss
while (P(r) = Ngeys)

{
_|_k |,j+1
Py =ty [ e,
k=k+1,
)

}

where Nige 71(n, s) is the number of FEC Blocks in TI Block index s of interleaving frame n. For
example, under the condition of N,.;;s = 10800 and N; = 14, the shift value P(r) to be added to
the basic permutation (for r = 0,1,2,3, etc.) would be 0, 8192, 4096, 2048, 10240, 6144, 1024,
9216, etc.

7.1.5.3 Joint Operation of Twisted Block Interleaver and Convolutional Delay Line in HTI Mode

As a joint operation of the Twisted Block Interleaver (TBI) and Convolutional Delay Line (CDL)
Figure 7.6 depicts an operational example.

WRITE | oA
- - for Switchin
PLPk d 7| Twisted Block &
(k=0,"*+,n) Interleaver Memory-C
WRITE for READ
gl Convolutional > PLPk
Delay Line (k=0,++n)
Memory-B READ

For
Twisted Block
Interleaver

Figure 7.6 Example of joint operation of TBI and CDL in the HTI.

For each PLP, the first TI Block is written to the first memory for the Twisted Block Interleaver.
The second TI Block is written to the second memory for the Twisted Block Interleaver while the
first memory is being read. Simultaneously, the read-out TI Block (intra-Subframe interleaved TI
Block) from the first memory is delivered to the memory for the convolutional interleaver through
a first-in-first-out shift register (FIFO) process and so on. For intra-Subframe interleaving only the
Twisted Block Interleaver is used, while for inter-Subframe interleaving both the Twisted Block
Interleaver and convolutional interleaver are operated jointly.
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7.1.5.4 Twisted Block Interleaver

In the interleaving of each TI Block, the TBI shall store in its memory (one per PLP) the cells
dn,s,0,0 > dn,s,O,l: cees dn,s,O,Ncells_ll dn,s,l,O' dn,s,l,l' ceey dn,s,NFEC_TI(n,s)—l,O > dn,s,NpEC_TI(n,s)—l,l 5 cees
s Npge 710s)—1,N gons—r. OF the Npgce 11(n, s) FEC Blocks from the output of the Cell Interleaver,
where dy, s 4 1s the output cell from the Cell Interleaver, belonging to TI Block s in interleaving
frame n.

In the Twisted Block Interleaver, the number of rows N, shall be equal to the number of cells
in a FEC Block while the number of columns N, shall be set to Nrgc 77 max- A graphical
representation of the Twisted Block Interleaver is shown in Figure 7.7. Additionally, in the
interleaving operation, the concept of a virtual FEC Block is defined and the number of virtual
FEC Blocks in a TI Block is denoted by Negc 11 pirr (1, S) = Npge 11 max — Nrgc 11(n, s). Note
that any virtual FEC Blocks that are included in a TI Block shall be ahead of data FEC Blocks in
the same TI Block for the interleaving in a given memory. A non-zero value of
Nrgc 11 piff(n,s) # 0 indicates that the number of FEC Blocks (or columns) varies between TI
Blocks depending on the cell rate.

The FEC Blocks shall be serially written column-wise into the Twisted Block Interleaver
memory part as shown in Figure 7.7(a), where it is generally assumed that Nggc 17 pirr(n, ) # 0.
Then, cells shall be read out diagonal-wise from the first row (rightwards along the row beginning
with the left-most column) to the last row out as shown in Figure 7.7(b). During the reading
process, virtual cells belonging to virtual FEC Blocks shall be skipped.

In a block interleaving array, the diagonal-wise reading can be performed by calculating the
position for data and virtual cells with a coordinate (R;, C;) (fori = 0,---, NN, — 1):

R; = imod N,
Ti = Ri mod NC,

¢ =(T+ [NL] )mod N,.

where R; and C; indicate the row and column indexes, respectively, and T; is a twisting parameter.
Assuming cells are read out sequentially from a linear memory array, the cell position can be
calculated as 8; = N,.C; + R;. Note that virtual cells shall be skipped during the reading process if
the condition of 8; = Negc 11 pirr(n, $) - Ny is not satisfied.
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Figure 7.7 Block diagram of Twisted Block Interleaver: (@) linear writing
operation, (b) diagonal-wise reading operation.

7.1.5.5 Convolutional Delay Line

The Convolutional Delay Line spreads FEC Blocks over multiple Subframes in order to realize
inter-Subframe interleaving. The block diagram of the CDL is shown in Figure 7.8. The delay-line
consists of N;; branches, which split a TI Block into Nj; interleaving units and spread these
interleaving units over N;; Subframes. To this end, each branch is connected to a sequence of
FIFO registers acting as delay elements. The number of cells which a FIFO register can store
maximally is denoted as M; ;. The top branch does not contain any FIFO register; each lower
branch adds an additional FIFO register.

The FIFO register sizes shall be obtained as follows:

e Ly = floor(N,/N;y), where floor(x) is the largest integer < x.

e Each FIFO register present in the first M;ge = N, mod Nyy branches (this includes the first
branch of the CDL which does not contain any FIFO registers) shall contain M;; =
(Lyy + 1) * Nege 71 max cells. Here mod represents the modulo-operation.

e Each FIFO register present in the following Ngp,q; = Njy — Njarge branches shall contain
M;j = Ly * Nrec_t1_max cells.
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All FIFO registers contain exactly Lyy - Npgc 11 max cells for the case when N; is an integer
multiple of Ny such that Nj,ge = 0. The number of columns in the Twisted Block Interleaver,
Nrgc r1(n, s), may change between TI Blocks.

Mz,
M1 F— My,
. .
0 : — ™My - ° .
Twisted
Block- aVlamel My jage11 MK lage1,2 MN_large-1,N_large-1
—>»| Inter- e p—— S
leaver
N_IU-T eee
Mn_lage1  MN_jarge,2 MN_jarge,N_large-1 MIN_large,N_large
L]
. °
. 0
L]
| L eee — | -
My u1r Mooz Mn_ju-1N_u1

FIFO-registers, M;;

Figure 7.8 Block diagram of Convolutional Delay Line used in the HTI.

Switch so connects the TBI to the CDL. Switch s1 connects the CDL to the framing block. The
movement of the switches shall be synchronized; i.e., they shall always point to identical branches
of the CDL. From the last branch of the CDL the switches shall then move back to the first branch
of the CDL. Both switches (so and s1) shall move from branch » of the CDL to the immediately
subjacent branch n+1 of the CDL when Nrec 71 max cells, consisting of Nrec 17 (n,s) data cells and
(NrEc 11 Max - NFeC 11(n,s)) virtual cells, are written to the CDL. Both switches (so and s1) shall be
reset to the first branch of the CDL (i.e., branch 0) at the start of every Subframe. Virtual cells
shall not be read from the TBI and shall not be passed on to the CDL. However, after each row of
Nrec 11(n,s) data cells is written from the TBI to the CDL (as described in Section 7.1.5.4), a set
of (Nrec 11 max - Nrec 11 (n,s)) new virtual cells for the CDL shall then be input to the CDL prior
to switches so and 51 moving to the next branch of the CDL. Virtual cells shall not be written to
the HTT output, neither from the TBI nor from the CDL.

Negc 11 max corresponds to the maximum number of columns of the Twisted Block
Interleaver. Hence, the switches so and 51 change their position every time a row from the Twisted
Block Interleaver has been read.

The total number of cells contained in the HTI amounts to Myr; = N, + 0.5 X Ngge 71 max X

<2Nr + (LIU + 1)Nlarge(Nlarge - 1) + LIU (NIU(NIU - 1) - Nlarge(Nlarge - 1))) for the case

that N, is not an integer multiple of N;;, which simplifies to N, + 0.5 X Nggc 11 max X Ny X
(N;y + 1) for the case that N, is an integer multiple of Ny .

65



ATSC A/322:2026-04 Physical Layer Protocol 14 April 2026

7.1.5.6 HTI Options

In HTI mode there are two basic options that can be selected, intra-Subframe interleaving and
inter-Subframe interleaving.

Intra-Subframe interleaving: Each interleaving frame is mapped directly to one Subframe
and the interleaving frame is composed of one or more TI Blocks as shown in Figure 7.9
on the left-hand side. Each of the TI Blocks can be de-interleaved and decoded immediately
after its complete reception in the receiver. This allows the maximum bit-rate for the PLP
to be increased. This option is signaled as L1D_plp_HTI_inter_subframe = (. For this option,
the number of TI Blocks per interleaving frame is set to Ny; = L1D_plp_HTI_num_ti_blocks+1,
and Ny = 1.

Inter-Subframe interleaving: Each interleaving frame contains one TI Block and is mapped
to multiple Subframes. Figure 7.9 shows on the right-hand side an example in which one
interleaving frame is mapped onto two Subframes. This gives greater time diversity for low
data-rate services. This option is signaled in the L1 signaling by L1D_plp_HTI_inter_subframe
= 1. For this option, the number of TI Blocks per interleaving frame is set to Ny; = 1, and
N;y= L1D_plp_HTI_num_ti_blocks+1.

Observe that in case of L1D_plp_HTI_num_ti_blocks being set to 0 (i.e. Ny = 1), each interleaving
frame contains one TI Block and is mapped directly to one Subframe, irrespective of the value of
L1D_plp_HTI_inter_subframe (in the middle of Figure 7.9 ).

Note that the HTT in its entirety; i.e., including Cell Interleaver, Twisted Block Interleaver, and
Convolutional Delay Line, shall not be in use when L1D_plp_TI_mode = ‘00’ (see Table 9.23).

FEC Blocks

lIIIIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIl
. | I |
Interleaving X . X
Frames | . | 1 |

L1D_plp_HTI_inter_subframe=1
D_plp_HTI_num_ti_blocks=Ny-1

L1D_plp_HTI_inter_subframe=0

TIBlocks [0 [ 1 ||| 0 ||| 0 | || 0 | 1 |

[ I [ | [ I < ™o S< ™~

o L L I B N T S

Interleaving | P P P U N

| Lo Lo Lo N ~|

ASC3.0 T | o | o | e
subframes

Intra-subframe Inter-subframe
interleaving interleaving

Figure 7.9 Example of HTI for L1D_plp_HTI_inter_subframe = 0 and 1, and for
L1D_plp_HTI_num_ti_blocks = 0 and 1.

7.1.5.7 Initial State of the HTI’s CDL for Inter-Subframe Interleaving

For HTI with inter-Subframe interleaving, the initial contents of the HTI memory (i.e., the CDL)
shall be defined as follows.

66



ATSC A/322:2026-04 Physical Layer Protocol 14 April 2026

Deﬁne MCDL = (NIU(NIU - 1)LIU + Nlarge(Nlarge - 1))/2 Atotal number ()fT]MOD>< MCDL

bits shall be generated using the same PRBS generator described in Section 5.2.3, starting from
the initial state. nmop is the modulation order as defined in Table 6.14, and shall be used according
to the chosen modulation of the respective PLP. These bits shall be mapped to QAM cells
according to Section 6.3, forming a sequence of Mp, initialization cells g,. The initialization cells
gy shall be input in order directly into the CDL according to the following procedure.
e Initialization cell inputs shall begin with the first delay branch (i.e., branch 1). No
initialization cells shall be input to branch 0.
e Immediately after each initialization cell is input to the current branch of the CDL,
Nrgc 11 max — 1 virtual cells shall be input to the same branch of the CDL.

e Branch i of the CDL shall receive:
o 0 initialization cells if i = 0
o i X (Lyy+ 1) initialization cells if Nygrge > 0 and 0 < i < Nygpge
o i X Lyy initialization cells if Nygrge > 0 and Nigrge < i < Ny
o i X Lyy initialization cells if Njgrge = 0and 0 < i < Ny
e FEach branch of the CDL shall receive all of its initialization cells before moving on to the
next branch of the CDL.

When a CDL in an HTI is initialized, interleaving frame 0 for the corresponding PLP shall be
considered to begin in the first Subframe of actual transmission for the PLP following HTI
initialization. All interleaving frames for that PLP that are considered to begin in Subframes prior
to that first Subframe of actual transmission shall be considered to contain a TI block that contains
exactly one FEC Block (i.e., Npgc,,(n,s) = 1for — Ny <n < 0ands = 0).

7.2 Framing

7.2.1  Overview

The framing block takes inputs from one or more physical layer pipes in the form of data cells,
and outputs Frame symbols. Frame symbols represent a set of frequency domain content prior to
optional frequency interleaving, followed by pilot insertion, and then conversion to a time domain
OFDM symbol via an IFFT and guard interval insertion.

7.2.2 Frame Structure

7.2.2.1 Frame Components

A Frame shall consist of a combination of three basic components as shown in Figure 7.10.

¢ One bootstrap, located at the beginning of each Frame. The bootstrap shall be created as
described in [2]. Further details of the bootstrap are described in Section 8.6. The exact
time period from the start of a bootstrap to the start of the next bootstrap that matches the
same major and minor bootstrap versions shall be an integer multiple of the sample time
of the baseband sampling rate indicated by the first bootstrap.

e One Preamble, located immediately following the bootstrap. The Preamble shall contain
L1 control signaling applicable to the remainder of the Frame. The Preamble is described
in detail in Section 7.2.5.
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e One or more Subframes shall be located immediately following the Preamble. If multiple
Subframes are present in a Frame, then those Subframes shall be concatenated together in
time as shown in Figure 7.10.
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Figure 7.10 Frame structure.

A Subframe shall consist of a set of time-frequency resources within a Frame. A Subframe
shall span the full range of configured carriers in the frequency dimension and shall consist of an
integer number of OFDM symbols in the time dimension. The waveform attributes of a Subframe
constitute a Subframe type, with those waveform attributes defined as: the FFT size, the GI length,
the scattered pilot pattern, the number of useful carriers (NoC), whether or not frequency
interleaving is enabled for the Subframe, and whether the Subframe is SISO, MISO, or MIMO.
When a Subframe is configured for MISO, the waveform attributes defining the Subframe type of
that Subframe additionally shall include the number of transmitters (Nryx € {2,3,4}) and the time
domain span of the filters (Ny;so € {64,256}). A Subframe’s waveform attributes shall remain
fixed over the duration of that Subframe. A Frame may contain multiple Subframes of the same
Subframe type and/or multiple Subframes of different Subframe types. Subframes within the same
Frame may have different numbers of OFDM symbols. The FFT size and the signaled GI length
of the Preamble and the FFT size and the signaled GI length of the first Subframe of a Frame shall
be the same.

A particular PLP shall be mapped only to Subframes of the same Subframe type. When a PLP
is time-interleaved across multiple Subframes within an RF channel, those Subframes shall be of
the same Subframe type and may be located in the same Frame and/or different Frames. Note that
this means there may be more Subframes in a Frame than PLPs, indeed the number of Subframes
in a Frame may exceed the maximum number of PLPs, however the maximum number of PLPs is
as defined in Section 5.1.1, regardless of the number of Subframes in a Frame.

7.2.2.2 Frame Duration
The duration of a Frame shall be specified in one of two ways, time-aligned or symbol-aligned.

A time-aligned Frame shall use the signaled guard interval length for each Subframe within
the Frame to define a minimum guard interval length for each non-Preamble OFDM symbol within
a Frame. An overall Frame length shall be signaled for a time-aligned Frame, where the Frame
length shall be equal to the sum of the lengths of the bootstrap, the Preamble and the Subframe(s)
contained within the Frame. A time-aligned Frame can be recognized by signaling of
L1B_frame_length_mode=0.
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A symbol-aligned Frame shall use the signaled guard interval lengths for OFDM symbols and
shall not insert any extra samples into any guard intervals within the Frame or into any other
portions of the Frame. A symbol-aligned Frame can be recognized by signaling of
L1B_frame_length_mode=1.

The maximum duration of a Frame shall be 5s. The minimum duration of a Frame shall be 50
ms.

7.2.2.3 Subframe Duration

The minimum duration of a Subframe shall be the greater of 20ms or the duration in ms of 4xDy
data and Subframe boundary symbols of that Subframe. At least 4xDy data and Subframe boundary
symbols shall be present in every Subframe.

7.2.3 Number of Carriers

The number of carriers NoC shall be defined by the equation NoC = NoCuax — Cred coeff *
Cunit where Cred coef 18 @ positive integer indicating a coefficient to multiply by a control unit value
to determine the number of carriers to be reduced. Creq coepranges from 0 to 4 and is signaled using
the parameters L1B_preamble_reduced_carriers, L1B_first_sub_reduced_carriers, and
L1D_reduced_carriers for the Preamble symbols following the first Preamble symbol, the first
Subframe of the Frame, and the second and subsequent Subframes of the Frame, respectively. The
maximum number of carriers in a symbol is denoted by NoCy,,,. The control unit Ci.;; takes a
value of 96 for 8K FFT, 192 for 16K FFT and 384 for 32K FFT, respectively.

Note that the active relative carrier indices for a particular configuration will range from 0 to
NoCax — Cred coeff X Cunit — 1, while the active absolute carrier indices for the same

configuration will range from Cyeq coerf X Cunit/2 t0 NoCpgx — Creq coefr X Cunie/2 — 1.

Table 7.1 shows the values for NoC for various values of Creq coefr. The value of NoC,;,q, can
be inferred from the table when Creq coe=0, that is 6913 for 8K FFT, 13825 for 16K FFT and
27649 for 32K FFT.

Table 7.1 Number of Carriers NoC and Occupied Bandwidth

Cred_coeff Number of Carriers (NoC) Occupied Bandwidth
8KFFT 16KFFT 32K FFT |bsr_coefficient =2 bsr_coefficient =5 bsr_coefficient =8
0 6913 13825 27649 5.832844 6.804984 7.777125
1 6817 13633 27265 5.751844 6.710484 7.669125
2 6721 13441 26881 5.670844 6.615984 7.561125
3 6625 13249 26497 5.589844 6.521484 7.453125
4 6529 13057 26113 5.508844 6.426984 7.345125

7.2.4 Frame Symbol Types

Each Subframe shall consist of a combination of the following types of symbols in the stated order
from the beginning of the Subframe to the end of the Subframe.

e Subframe boundary symbol (zero or one)
e Data symbols
¢ Subframe boundary symbol (zero or one)

Note that Subframe boundary symbols may not be present in a Subframe, and that a Subframe
may consist of only data symbols.
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7.2.4.1 Subframe Boundary Symbols

Subframe boundary symbols shall have a greater scattered pilot density than do data symbols in
order to facilitate accurate channel estimation at a receiver.

The first symbol of a Subframe shall always be a Subframe boundary symbol except when
either of the following conditions is satisfied, in which case the first symbol of the Subframe may
optionally be configured as a Subframe boundary symbol.

e The Subframe is immediately preceded by a Preamble symbol and the Preamble symbol
and Subframe use the same Subframe type waveform attributes (as defined in Section
7.2.2.1) excluding the attribute of whether or not frequency interleaving is enabled (i.e.,
the frequency interleaver enabled/disabled settings for the Preamble and the Subframe are
not required to be the same).

e The considered Subframe is immediately preceded by another Subframe within the same
Frame and both Subframes have the same Subframe type (as defined in Section 7.2.2.1)
excluding the attribute of whether or not frequency interleaving is enabled and the last
symbol of the preceding Subframe is a Subframe boundary symbol.

The last symbol of a Subframe shall always be a Subframe boundary symbol except when the
following condition is satisfied, in which case the last symbol of the Subframe may optionally be
configured as a Subframe boundary symbol.

e The considered Subframe is immediately followed by another Subframe within the same
Frame and both Subframes have the same Subframe type (as defined in Section 7.2.2.1)
excluding the attribute of whether or not frequency interleaving is enabled and the first
symbol of the following Subframe is a Subframe boundary symbol.

The presence or absence of a Subframe boundary symbol at the beginning and end of each

Subframe shall be explicitly signaled.

7.2.4.2 Data Symbols
A data symbol shall have a scattered pilot density according to the scattered pilot pattern that is
indicated in the control signaling for the corresponding Subframe.

The following condition shall be satisfied when the FFT size for a Subframe is 32K:

e The sum of the number of data and Subframe boundary symbols present in the Subframe

shall always be even, except for the first Subframe of a Frame where the sum of the number
of Preamble, Subframe boundary and data symbols shall be even.

When present at the beginning of a Subframe, a Subframe boundary symbol shall immediately
precede any data symbols for the same Subframe.

When present at the end of a Subframe, a Subframe boundary symbol shall immediately follow
the last data symbol for the same Subframe.

7.2.5 Preamble

The Preamble shall consist of one or more Preamble symbols, which carry the L1 signaling data
for the Frame.

7.2.5.1 Preamble Symboil(s)

The FFT size, guard interval and scattered pilot pattern of the Preamble symbols shall be signaled
by the bootstrap as detailed in Section 9.1.

The number of Preamble symbols in the Preamble Np shall be indicated by the L1 signaling.
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For the first Preamble symbol, the NoC used shall be the minimum for the FFT size used for
that first Preamble symbol while the NoC for the remaining Preamble symbols shall be signaled in
L1-Basic.

The frequency interleaver shall always be applied to all of the Preamble symbol(s) as described
in Section 7.3.

7.2.5.2 Mapping of L1 Signaling Data to Preamble Symbol(s)

L1-Basic and L1-Detail signaling data shall be encoded and modulated as described in Section 6.5.

L1-Basic cells shall be mapped only to the available cells of the first Preamble symbol, as
shown in Figure 7.11. L1-Detail cells shall be interleaved and mapped to the remaining available
cells of the first Preamble symbol directly after the L.1-Basic cells and to the available cells of the
other (Np — 1) Preamble symbols.
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Figure 7.11 Mapping of L1-Basic and L1-Detail into Preamble symbol(s).

Modulated L1-Detail cells are interleaved and mapped to the Preamble symbols(s) as follows.

The L1B_L1_Detail_total_cells cells of L1-Detail shall be interleaved across all the Np Preamble
symbols. Within the first Preamble symbol, L1-Detail shall occupy the data cells that are not
occupied by L1-Basic. The L1-Detail interleaver is a Block Interleaver comprised of L. = Np
columns and L,= |L1B_L1_Detail_total_cells/Np| rows.

The first L, X L, L1-Detail cells shall be written sequentially into the Block Interleaver row-
wise and read out column by column. The relationship between the L1-Detail cells which form the
interleaver input x(m) and its output y(n), m,n = 0,1,.. L1B_L1_Detail_total_cells -1 is described by
the following equation:

x(jXL.+i) wheren= (ixXL.+j)and0<n< L, XL,
x(n) L, X L, < n < L1B_L1_Detail_total_cells

y(n) = {

forj=0,1,..L-1andi=0,1, .. L-1.
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The output cells of the interleaver y(n) shall be mapped sequentially to the unoccupied data
cells of the Preamble symbols, beginning with the first unoccupied data cell of the first Preamble
symbol and filling each Preamble symbol before moving on to the next Preamble symbol until all
the L1B_L1_Detail_total_cells are so mapped.

The available cells that are not used for L1-Detail cells in the last Preamble symbol shall be
treated as available data cells when performing cell multiplexing as specified in Section 7.2.6.

7.2.5.3 Generating Preamble waveform

After frequency interleaving, the Preamble pilots shall be inserted in each Preamble symbol as
described in Section 8.1.6. Then the Preamble symbol shall pass through an IFFT as described in
Section 8.3, followed by addition of a guard interval as detailed in Section 8.5.

MISO or MIMO shall not be applied to any Preamble symbol(s).

LDM shall not be applied to any cells in the Preamble carrying L.1-Basic or L1-Detail data but
may be applied to payload data cells in the last Preamble symbol.

The FFT size and the duration of the guard interval shall be the same for each Preamble symbol

and shall be as indicated by the preamble_structure parameter of the bootstrap as shown in Table
H.1.1.

7.2.6 Cell Multiplexing

The Frame builder maps cells from the time interleaver output to the data cells of each Subframe
as described in the following subsections.

7.2.6.1 Data Cell Indexing

Data cells within a Subframe shall be indexed in a one-dimensional fashion beginning at 0 for the
first data cell and incrementing the index by 1 for each subsequent data cell. Data cell indexing
shall begin with the first Frame symbol associated with a Subframe for the purposes of data cell
multiplexing, which shall be one of the following: the final symbol of a Preamble (only possible
for the first Subframe of a Frame), a Subframe boundary symbol, or a data symbol. All of the data
cells within a Frame symbol shall be indexed before moving on to the following Frame symbol of
the same Subframe. Within a Frame symbol, data cell indexing shall begin with the data cell that
maps to the lowest index carrier and shall proceed to the data cell that maps to the next lowest
index carrier, and so on until all data cells within the Frame symbol have been indexed.

Data cells shall be the cells of the OFDM symbols that are not used for pilots nor used for
PAPR reduction via tone reservation (TR) (see Section 8.4.1) nor used as null cells.

Figure 7.12 shows an example of data cell indexing for a Subframe that begins with the final
symbol of a Preamble, concludes with a Subframe boundary symbol, and contains data symbols
between these two boundaries. In this example, multiple Preamble symbols may be contained
within the Frame’s Preamble, but only the final Preamble symbol is actually able to carry PLP data
and has therefore been included in this example.

Similarly, Figure 7.13 shows an example data cell indexing for a Subframe that begins with a
Subframe boundary symbol, concludes with a Subframe boundary symbol, and contains data
symbols between these two boundaries. No Preamble symbol is associated with this latter example
Subframe.

Within Figure 7.12 and Figure 7.13, the following quantities are defined:

e N/ is the number of available data cells in the final symbol of a Preamble.

e N{ is the number of available data cells in a data symbol.

e N/ is the number of available data cells in a Subframe boundary symbol.
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e N is the number of data symbols present in a Subframe.
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Figure 7.12 Data cell addressing when a Preamble symbol is associated with a

Subframe.
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Figure 7.13 Data cell addressing when a Preamble symbol is not associated with
a Subframe.

7.2.6.2 Number of Available Data Cells for Preamble Symbols

The number of available data cells per Preamble symbol (N£) is a function of the following
quantities.

e The Number of Carriers (NoC) is as described in Section 7.2.3.

e The number of Preamble pilots, which is a function of the Preamble pilot pattern (Dx) and
the NoC.

e The number of continual pilots per Preamble symbol, which is a function of the Preamble
FFT size and the NoC.

e  Whether or not tone reservation is configured for peak-to-average power ratio (PAPR)
reduction. The number of carriers used for TR (if configured) is a function of the FFT size
as shown in Table G.1.2.

Note that the data cells in Preamble symbols are primarily used for carrying encoded and
modulated L1-Basic and L1-Detail signaling. Data cells in the final Preamble symbol that do not
carry L1-Basic or L1-Detail signaling can be used for carrying PLP data cells (see Sections 7.2.5.2
and 7.2.6.1).

The number of available data cells per Preamble symbol shall be as listed in Table 7.2 when
tone reservation is not enabled.
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When tone reservation is enabled, the number of available data cells per data symbol shall be
equal to the corresponding quantities from Table 7.2 minus the number of reserved carriers for the

associated FFT size as shown in Table G.1.2.

Table 7.2 Number of Available Data Cells per Preamble Symbol

FFT Size Gl Length Pilot Pattern Cred_coeff
(samples) (Dx) 0 1 2 3 4

8K 192 16 6432 6342 6253 6164 6075
8K 384 8 6000 5916 5833 5750 5667
8K 512 6 5712 5632 5553 5474 5395
8K 768 4 5136 5064 4993 4922 4851
8K 1024 3 4560 4496 4433 4370 4307
8K 1536 4 5136 5064 4993 4922 4851
8K 2048 3 4560 4496 4433 4370 4307
16K 192 32 13296 13110 12927 12742 12558
16K 384 16 12864 12684 12507 12328 12150
16K 512 12 12576 12400 12227 12052 11878
16K 768 8 12000 11832 11667 11500 11334
16K 1024 6 11424 11264 11107 10948 10790
16K 1536 4 10272 10128 9987 9844 9702
16K 2048 3 9120 8992 8867 8740 8614
16K 2432 3 9120 8992 8867 8740 8614
16K 3072 4 10272 10128 9987 9844 9702
16K 3648 4 10272 10128 9987 9844 9702
16K 4096 3 9120 8992 8867 8740 8614
32K 192 32 26592 26220 25854 25484 25116
32K 384 32 26592 26220 25854 25484 25116
32K 512 24 26304 25936 25574 25208 24844
32K 768 16 25728 25368 25014 24656 24300
32K 1024 12 25152 24800 24454 24104 23756
32K 1536 8 24000 23664 23334 23000 22668
32K 2048 6 22848 22528 22214 21896 21580
32K 2432 6 22848 22528 22214 21896 21580
32K 3072 8 24000 23664 23334 23000 22668
32K 3072 3 18240 17984 17734 17480 17228
32K 3648 8 24000 23664 23334 23000 22668
32K 3648 3 18240 17984 17734 17480 17228
32K 4096 3 18240 17984 17734 17480 17228
32K 4864 3 18240 17984 17734 17480 17228

7.2.6.3 Number of Available Data Cells for Data Symbols

The number of available data cells per data symbol (N2) is a function of the following quantities.
The Number of Carriers (NoC) is as described in Section 7.2.3.
The number of scattered pilots per OFDM symbol, which is a function of the scattered pilot

pattern and the NoC.

The number of continual pilots per OFDM symbol, which is a function of the FFT size and

the NoC.
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e Whether or not tone reservation is configured for peak-to-average power ratio (PAPR)
reduction. The number of carriers used for TR (if configured) is a function of the FFT size
as shown in Table G.1.2.

The number of available data cells per data symbol shall be as listed in Table 7.3 and Table
7.4 when tone reservation is not enabled. Table entries shown in brackets and italicized are for
FFT size and scattered pilot pattern combinations that are not allowed (refer to Table 8.3).

When tone reservation is enabled, the number of available data cells per data symbol shall be
equal to the corresponding quantities from Table 7.3 and Table 7.4 minus the number of reserved
carriers for the associated FFT size as shown in Table G.1.2.

Table 7.3 Number of Available Data Cells per Data Symbol

FFT Size  Cred coeft NOC Available data cells per data symbol
SP3_2 SP3_4 SP4 2 SP4 4 SP6_2 SP6_4 SP8_2 SP8_4
8K 0 6913 5711 6285 5999 6429 6287 6573 6431 6645
1 6817 5631 6197 5915 6339 6199 6481 6341 6552
2 6721 5552 6110 5832 6250 6112 6390 6252 6460
3 6625 5473 6023 5749 6161 6025 6299 6163 6368
4 6529 5394 5936 5666 6072 5938 6208 6074 6276
16K 0 13825 [11423 12573 11999 [12861 |12575 [13149 12863 [13293
1 13633 [11263 |12397 11831 12681 |12399 [12965 12683 (13107
2 13441 |11106 |12224 11666 |12504 |12226 [12784 12506 [12924
3 13249 |10947 |12049 11499 |12325 |12051 [12601 12327 12739
4 13057 |10789 |11875 11333 |12147 11877 [12419 12149 12555
32K 0 27649 |22847 |(25149) |N/A N/A 25151 [(26301) 25727 |(26589)
1 27265 |22527 |(24797) |N/A N/A 24799 |(25933) |25367 |((26217)
2 26881 [22213 |(24451) |N/A N/A 24453 |(25571) |25013 |(25851)
3 26497 (21895 |(24101) |N/A N/A 24103 [(25205) (24655 |(25481)
4 26113 (21579 |(23753) |N/A N/A 23755 [(24841) (24299 |(25113)
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Table 7.4 Number of Available Data Cells per Data Symbol

FFT Crea. NoC Available data cells per data symbol
Size  coerf SP12_2 SP12_4 SP16_2 SP16_4 SP24 2 SP24 4 SP32_2 SP32 4
8K 0 6913 6575 6717 6647 6753 (6719) (6789) 6755 6807
1 6817 6483 6623 6554 6660 (6625) (6694) 6661 6714
2 6721 6392 6530 6462 6565 (6532) (6600) 6567 6619
3 6625 6301 6437 6370 6473 (6439) (6506) 6474 6524
4 6529 6210 6344 6278 6378 (6346) (6412) 6380 6429
16K |0 13825 [13151 13437 13295 13509 13439 13581 13511 13617
1 13633 |12967 13249 13109 13320 13251 13391 13322 13428
2 13441 12786 13064 12926 13134 13066 13204 13136 13239
3 13249 12603 12877 12741 12946 12879 13015 12948 13051
4 13057 [12421 12691 12557 12759 12693 12827 12761 12861
32K |0 27649 26303 (26877) 26591 (27021) 26879 (27165) 27023 (27237)
1 27265 25935 (26501) 26219 (26643) 26503 (26785) 26645 (26856)
2 26881 25573 (26131) 25853 (26271) 26133 (26411) 26273 (26481)
3 26497 25207 (25757) 25483 (25895) |25759 (26033) 25897 (26102)
4 26113 24843 (25385) 25115 (25521) 25387 (25657) 25523 (25725)

7.2.6.4 Number and Position of Available Data Cells for Subframe Boundary Symbols

The following terms are defined:
N ., is the total number of data cells (non-pilot cells) including both null and active data
cells in a Subframe boundary symbol.
NoAggs is the number of active data cells in a Subframe boundary symbol. The number of
available data cells per Subframe boundary symbol for cell multiplexing purposes is N& =

N0A535.

Ng,,; is the number of null cells in a Subframe boundary symbol. Nj,,;; = N5,.q —

NOASBS

The total number of data cells in a Subframe boundary symbol (N5,,,) shall be as listed in
Table 7.5 and Table 7.6 when tone reservation is not enabled. Table entries shown in brackets and
italicized are for FFT size and scattered pilot pattern combinations that are not allowed (refer to
Table 8.3).

When tone reservation is enabled, the total number of data cells in a Subframe boundary
symbol shall be equal to the corresponding quantities from Table 7.5 and Table 7.6 minus the
number of reserved carriers for the associated FFT size as shown in Table G.1.2 and Table G.1.3,
that is, 72 for 8K FFT, 144 for 16K FFT and 288 for 32K FFT size respectively.
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Table 7.5 Total Number of Data Cells in a Subframe Boundary Symbol

FFT Size Cred. NoC Total data cells in a Subframe boundary symbol
coeff SP3_2 SP3 4 SP4_2 SP4_4 SP6_2 SP6_4 SP8_2 SP8_4
8K 0 6913 4560 4560 5136 5136 5712 5712 6000 6000
1 6817 4496 4496 5064 5064 5632 5632 5916 5916
2 6721 4433 4433 4993 4993 5553 5553 5833 5833
3 6625 4370 4370 4922 4922 5474 5474 5750 5750
4 6529 4307 4307 4851 4851 5395 5395 5667 5667
16K 0 13825 (9120 9120 10272 10272 (11424 11424 12000 12000
1 13633 8992 8992 10128 10128 (11264 11264 11832 (11832
2 13441 |8867 8867 9987 9987 11107  [11107 11667 [11667
3 13249 (8740 8740 9844 9844 10948 10948 11500 [11500
4 13057 |8614 8614 9702 9702 10790 10790 11334 (11334
32K 0 27649 (18240 |(18240) |N/A N/A 22848 [(22848) |24000 |(24000)
1 27265 (17984 |(17984) |N/A N/A 22528 [(22528) 23664 |(23664)
2 26881 (17734 |(17734) |N/A N/A 22214 |(22214) 23334 |(23334)
3 26497 (17480 |(17480) |N/A N/A 21896 [(21896) |23000 |(23000)
4 26113 |17228 |(17228) |N/A N/A 21580 [(21580) |22668 |(22668)

Table 7.6 Total Number of Data Cells in a Subframe Boundary Symbol

FFT Size Creda. NoC Total data cells in a Subframe boundary symbol
coeff SP12_2 SP12_4 SP16_2 SP16_4 SP24 2 SP24 4 SP32_ 2 SP32_4
8K 0 6913 6288 6288 6432 6432 (6576) (6576) 6648 6648
1 6817 6200 6200 6342 6342 (6484) (6484) 6555 6555
2 6721 6113 6113 6253 6253 (6393) (6393) 6463 6463
3 6625 6026 6026 6164 6164 (6302) (6302) 6371 6371
4 6529 5939 5939 6075 6075 (6211) (6211) 6279 6279
16K 0 13825 (12576 12576 12864 12864 13152 13152 13296 13296
1 13633 [12400 12400 12684 12684 12968 12968 13110 13110
2 13441 12227 12227 12507 12507 12787 12787 12927 12927
3 13249 (12052 12052 12328 12328 12604 12604 12742 12742
4 13057 (11878 11878 12150 12150 12422 12422 12558 12558
32K 0 27649 25152 (256152) 25728 (25728) 26304 (26304) 26592 (26592)
1 27265 24800 (24800) 25368 (25368) 25936 (25936) 26220 (26220)
2 26881 24454 (24454) 25014 (25014) 25574 (25574) 25854 (25854)
3 26497 24104 (24104) 24656 (24656) 25208 (25208) 25484 (25484)
4 26113 |23756 (23756) 24300 (24300) (24844 (24844) 25116 (25116)

The number of active data cells in a Subframe boundary symbol (NoAggs) is dependent on the
amplitude of the scattered pilots signaled with L1D_scattered_pilot_boost.

The number of active data cells in a Subframe boundary symbol for each
L1_scattered_pilot_boost value shall be as listed in Table F.1.1 to Table F.1.10. Table entries shown
in brackets and italicized are for FFT size and scattered pilot pattern combinations that are not
allowed (refer to Table 8.3).

When tone reservation is enabled, the number of active data cells in a Subframe boundary
symbol shall be equal to the corresponding quantities from Table F.1.1 to Table F.1.10 minus the
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number of reserved carriers for the associated FFT size as shown in Table G.1.2 and Table G.1.3,
that is, 72 for 8K FFT, 144 for 16K FFT and 288 for 32K FFT size respectively.

The number of null cells in a Subframe boundary symbol (NZ,;,) is also dependent on the
amplitude of the scattered pilots of the Subframe (determined from the value signaled by
L1D_scattered_pilot_boost). The number of null cells in a Subframe boundary symbol can be
obtained by subtracting the number of active data cells in a Subframe boundary symbol from the
total number of data cells (Table 7.5 and Table 7.6). The number of null cells in a Subframe
boundary symbol shall be signaled by L1D_sbs_null_cells.

The active data cells shall be centered within the total data cells, with half of the null cells
being positioned at each band edge as shown in Figure 7.14.

e Null cells shall occupy the |[N£,;;/2] lowest-frequency data carriers and the [N5,,;;/2]
highest-frequency data carriers.

e The data carriers between these two sets of null carriers shall be active data carriers and
shall be indexed as described in Section 7.2.6.1 for the purposes of data cell multiplexing.

B
0 Nﬁull _ 1 Nﬁu” NB _ N}ﬁuﬂ _1 NB _ Nﬁl,[[ NData _1
Data Data
2 2 2 2

Figure 7.14 Data carrier indices for null and active data carriers.

7.2.6.5 Insertion of Dummy Modulation Values

Depending upon the exact Subframe configuration and PLP multiplexing parameters, the available
data cells of a Subframe may be fully or partially occupied by PLP data. In the event that not all
of the available data cells have PLP data mapped to them, it is important that these unoccupied
data cells are modulated rather than remaining as unmodulated null cells in order to ensure a
constant transmit power. This is accomplished by assigning pseudo-random dummy modulation
values to the unoccupied data cells.

Unoccupied data cells could conceivably occur anywhere within a Subframe, depending upon
the exact PLP multiplexing parameters. Therefore, all of the available data cells of a Subframe
shall first be filled with dummy modulation values, and then the cell multiplexing process shall
overwrite the dummy modulation values of occupied data cells with actual PLP data. This
approach ensures that every available data cell in a Subframe is modulated either by a PLP cell or
by a dummy modulation value.

Let N_.;; be the total number of available data cells in a Subframe with those data cells being
indexed from 0 to N,.;; — 1 as described in Section 7.2.6.1.

Let d; be the dummy modulation value for the data cell with index i (0 < i < N_.y).

Let b; (0 < i < Ngg;) represent the ith value of the Baseband Packet scrambling sequence
described in Section 5.2.3.
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Then the dummy modulation value for the ith data cell (0 < i < N,,;;) shall be calculated as
given in the following pair of equations.

Re{di} =1-2X bi

Each of the N_,;; available data cells in the Subframe shall have its corresponding dummy
modulation value assigned to it prior to any PLP data being multiplexed into the Subframe.
Following the insertion of these dummy modulation values, PLP data belonging to the current
Subframe shall be mapped to the corresponding data cells allocated for that PLP data and shall
overwrite the dummy modulation values previously assigned to those data cells.

Note that the available data cells in the first Subframe of a Frame might begin in the final
Preamble symbol of that Frame as specified in Section 7.2.5.2.

7.2.6.6 PLP Types

Each PLP that is not an LDM Enhanced PLP shall be one of the following two PLP types: a non-
dispersed PLP or a dispersed PLP.

The data cells of a non-dispersed PLP shall be allocated to contiguous data cell indices of the
Subframe. That is, all of the data cell indices between the lowest data cell index allocated to a non-
dispersed PLP and the highest data cell index allocated to the same non-dispersed PLP, inclusive,
shall also be allocated to the same non-dispersed PLP.

A dispersed PLP shall consist of two or more subslices. The data cells within a single subslice
of a dispersed PLP shall be allocated to contiguous data cell indices of the Subframe. However,
two consecutive subslices of the same dispersed PLP shall not have contiguous data cell indices
with each other. That is, the difference between the lowest data cell index allocated to a subslice
of a dispersed PLP and the highest data cell index allocated to the immediately preceding subslice
of the same dispersed PLP shall be greater than one.

The type of a particular PLP L1D_plp_type shall be signaled independently for each Subframe
in which that PLP appears. A PLP shall not be constrained to be of the same type for two different
Subframes in which that PLP appears.

When LDM is used, L1D_plp_type shall be signaled only for Core PLPs. Enhanced PLPs shall
not have a specific PLP type associated with them.

7.2.6.7 PLP Positioning

The starting position of a PLP L1D_plp_start may lie anywhere within a Subframe regardless of the
type of the PLP. The starting position of a PLP shall be the index of the data cell assigned to hold
the first data cell value of the PLP.

The length of a PLP L1D_plp_size shall indicate the total number of data cells contained by the
PLP for the current Subframe.

The starting position and length of a PLP in a Subframe shall be independent of and shall be
signaled independently of the starting position and length of the same PLP in all other Subframes.
The starting position and length of every PLP present in a Subframe shall be signaled, regardless
of whether or not LDM is used.

A PLP’s cell allocation parameters (i.e. the starting position, length, and subslicing parameters
(the subslicing parameters shall only be included for a dispersed PLP)) shall be configured so that
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all data cells allocated to that PLP lie within the range of valid data cell indices for the current
Subframe.
Each data cell within a Subframe shall be allocated to a maximum of one PLP per LDM layer.
Let Sp;p be the size and Pgq,+ be the starting position of a non-dispersed PLP within a
Subframe. The non-dispersed PLP’s input data cells 0 through Sp;p — 1, inclusive, shall be
mapped respectively to data cell indices Py through Pgiore + Sprp — 1, inclusive, within the
Subframe.

7.2.6.8 Subslicing

A dispersed PLP shall be divided into two or more subslices. Each subslice shall occupy a set of
contiguous data cell indices, but the highest data cell index of a subslice shall be non-contiguous
to the lowest data cell index of the following subslice of the same PLP.

Every subslice, with the possible exception of the final subslice, of a particular dispersed PLP
within a Subframe shall have the same non-zero size. The size of the final subslice of a dispersed
PLP within a Subframe shall be greater than zero and less than or equal to the size of the other
subslices of the same PLP within the same Subframe. The subslice interval
(L1D_plp_subslice_interval) between the lowest data cell index of a subslice of a dispersed PLP and
the lowest data cell index of the following subslice of the same PLP shall be the same for all
subslices of that PLP within a Subframe.

The number of subslices, subslice size, and subslice interval for a dispersed PLP shall be
independent of and shall be signaled independently of the number of subslices, subslice size and
subslice interval of all other dispersed PLPs within the same Subframe.

The number of subslices, subslice size, and subslice interval for a dispersed PLP in a Subframe
shall be independent of and shall be signaled independently of the number of subslices, subslice
size, and subslice interval of the same PLP in all other Subframes.

When LDM is used, the number of subslices and subslice interval shall be signaled only for
dispersed Core PLPs.

Let Sp;p be the size, Psiqr¢ be the starting position, Ng,psrices D€ the number of subslices, and
Lsupsiice be the subslice interval of a dispersed PLP within a Subframe. The subslice size of the
dispersed PLP can be calculated as Sq,pgiice = [Sprp/ Nsupstices|- Data cell k of the dispersed
PLP’s input data (0 < k < Sp;p) shall be mapped to data cell index Pgipre + [k/Ssubsticel X
Lsubsiice + k mod SqpsiiceWithin the Subframe.

A non-dispersed PLP shall not be subsliced and shall not have any subslicing parameters
associated with it.

7.2.7 PLP Multiplexing Approaches within a Subframe

This section contains an overview on how the cell multiplexing method described in Section 7.2.6
can be used to enable specific styles of PLP multiplexing, complete with an illustrative example
of each multiplexing approach. The examples included here use the example data cell indices
shown in Figure 7.15. Layered Division Multiplexing of PLPs is considered in detail in Section
7.2.7.4.
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Time >

000 | 010 | 020 | 030 | 040 | 050 | 060 [ 070 | 080 | 090 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200 | 210 | 220 | 230 | 240 | 250
001 | 011|021 031|041 | 051|061 |071|081|091|101 111|121 |131| 141|151 161|171 | 181|191 [ 201 | 211|221 | 231 | 241 | 251
002 | 012 | 022 | 032 | 042 | 052 | 062 [ 072 | 082 | 092 | 102 | 112 | 122 | 132 | 142 | 152 | 162 | 172 | 182 | 192 | 202 | 212 | 222 | 232 | 242 | 252
003 | 013 | 023 | 033 | 043 | 053 | 063 [ 073 | 083 | 093 | 103 | 113 | 123 | 133 | 143 | 153 | 163 | 173 | 183 | 193 | 203 | 213 | 223 | 233 | 243 | 253
004 | 014 | 024 | 034 | 044 | 054 | 064 | 074 | 084 | 094 | 104 | 114 | 124 | 134 | 144 | 154 | 164 | 174 | 184 | 194 | 204 | 214 | 224 | 234 | 244 | 254
005 | 015 | 025 | 035 | 045 | 055 | 065 | 075| 085 | 095 | 105 | 115 | 125|135 | 145 | 155 | 165 | 175 | 185 | 195 | 205 | 215 | 225 | 235 | 245 | 255
006 | 016 | 026 | 036 | 046 | 056 | 066 | 076 | 086 | 096 | 106 | 116 | 126 | 136 | 146 | 156 | 166 | 176 | 186 | 196 | 206 | 216 | 226 | 236 | 246 | 256
007 | 017 | 027 | 037 | 047 | 057 | 067 | 077 | 087 | 097 | 107 | 117 | 127 | 137 | 147 | 157 | 167 | 177 | 187 | 197 | 207 | 217 | 227 | 237 | 247 | 257
008 | 018 | 028 | 038 | 048 | 058 | 068 | 078 | 088 | 098 | 108 | 118 | 128 | 138 | 148 | 158 | 168 | 178 | 188 | 198 | 208 | 218 | 228 | 238 | 248 | 258
009 | 019|029 | 039 | 049 | 059 | 069 [ 079 | 089 | 099 | 109 | 119 | 129 | 139 | 149 | 159 | 169 | 179 | 189 | 199 | 209 | 219 | 229 | 239 | 249 | 259

<«———— fouanbauq

Figure 7.15 Data cell indices used for illustrative multiplexing examples.

7.2.7.1 Overview

72711 Simple Multiplexing of PLPs

The simplest multiplexing strategy is when there is only one Core PLP, and the output of the time
interleaver is mapped to data cells which are ordered in data symbols within the Subframe. This is
described in Section 7.2.7.2. For all other cases apart from this single PLP per Subframe case,
there are various ways to multiplex the multiple PLPs onto the Frame. The following sections
describe the multiplexing techniques used in this specification. The specific multiplexing
techniques defined are:

e Time division multiplexing (TDM) , described in Section 7.2.7.3

e Layered division multiplexing (LDM), described in Section 7.2.7.4

e Frequency division multiplexing (FDM) , described in Section 7.2.7.5

72712 Complex Multiplexing of PLPs

LDM can be combined in many ways, some of them quite complex. Complex LDM examples are
described in Sections 7.2.7.4.2 to 7.2.7.4.5. Furthermore, there are various combinations of the
multiplexing techniques that can be used. Time and frequency division multiplexing (TFDM) is
described in Section 7.2.7.6.

7.2.7.2 Single Physical Layer Pipe

The simplest structure for a physical layer Frame is when there is only one PLP per Subframe.

Table 7.7 and Figure 7.16 show an example of the cell multiplexing parameters and the
resulting graphical view of the cell multiplexing.

Table 7.7 Example Parameters for the Cell Multiplexing of a Single PLP

L1D_plp_ L1D_plp _ L1D_plp_ L1D_plp _ L1D_plp_ L1D_plp_
id size type start num_subslices subslice_interval
A 260 0 (Non-dispersed) | 000 /A /A

Time >

A000 | A010 | A020 | AO30 | A040 | A050 | AD60O | A070 | A0SO | A0SO | A100 | A110 | A120 | A130 | A140 | A150 | A160 | A170 | A180 | A190 | A200 | A210 | A220 | A230 | A240 | A250
A001 | A011 | A021 [ AO31 | A041 | A051 | AO61 | AO71 | A081 [ A091 | A101 | A111 | A121 | A131 | A141 | A151 | A161 | A171 | A181 | A191 | A201 | A211 | A221 | A231 | A241 | A251
A002 | A012 | A022 | AD32 | AD42 | A052 | AD62 | A072 | AD82 | A092 | A102 | A112 | A122 | A132 | A142 | A152 | A162 | A172 | A182 | A192 | A202 | A212 | A222 | A232 | A242 | A252
A003 | A013 | A023 | AO33 | AD43 | A053 | A0B3 | A073 | A083 | A093 | A103 | A113 | A123 | A133 | A143 | A153 | A163 | A173 | A183 | A193 | A203 | A213 | A223 | A233 | A243 | A253
AQ004 | A014 | A024 | A034 | AD44 | A054 | A064 | AO74 | A084 | A094 | A104 | A114 | A124 | A134 | A144 | A154 | A164 | A174 | A184 | A194 | A204 | A214 | A224 | A234 | A244 | A254
A005 | A015 | A025 | AD35 | AD45 | A055 | A0B5 | AO75 | AD85 | A095 | A105 | A115 | A125 | A135 | A145 | A155 | A165 | A175 | A185 | A195 | A205 | A215 | A225 | A235 | A245 | A255
A006 | A016 | A026 | AO36 | AD46 | A056 | AOB6 | AO76 | AO86 | A096 | A106 | A116 | A126 | A136 | A146 | A156 | A166 | A176 | A186 | A196 | A206 | A216 | A226 | A236 | A246 | A256
A007 | A017 | A027 | AO37 | AD47 | A057 | A067 | AO77 | A087 | A097 | A107 | A117 | A127 | A137 | A147 | A157 | A167 | A177 | A187 | A197 | A207 | A217 | A227 | A237 | A247 | A257
AO008 | A018 | A028 | AD38 | AD48 | A058 | A068 | A078 | AD88 | A098 | A108 | A118 | A128 | A138 | A148 | A158 | A168 | A178 | A188 | A198 | A208 | A218 | A228 | A238 | A248 | A258
A009 | A019 | A029 | AD39 | AD49 | A059 | ADB9 | AO79 | A089 | A099 | A109 | A119 | A129 | A139 | A149 | A159 | A169 | A179 | A189 | A199 | A209 | A219 | A229 | A239 | A249 | A259

<«——— fouanbauyg

Figure 7.16 Example of cell multiplexing for a single PLP per Subframe.
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7.2.7.3 Time Division Multiplexing (TDM)
The concatenation in time of multiple PLPs within a Subframe can be achieved simply by using
non-dispersed PLPs instead of dispersed PLPs.

Table 7.8 and Figure 7.17 show the cell multiplexing parameters and the resulting graphical
view for an example of the time division multiplexing of six PLPs.

Table 7.8 Example Parameters for Time Division Multiplexing of PLPs

L1D_plp_ L1D_plp_ L1D_plp_type L1D_plp_ L1D_plp_num_ L1D_plp_
id size start subslices subslice_interval
A 12 Non-dispersed 000 N/A N/A
B 24 Non-dispersed 012 NA NA
Cc 80 Non-dispersed 036 NA NA
D 52 Non-dispersed 116 N/A N/A
E 60 Non-dispersed 168 N/A N/A
F 32 Non-dispersed 228 NA NA
Time >
- E12 [E22
2 E13|E23
8 E14 |E24
E E15 [E25
E16 | E26
E17 | E27
E18 | E28
E19 | E29
E20 | E30

E21 | E31

Figure 7.17 Example of time division multiplexing of PLPs.

7.2.7.4 Layered Division Multiplexing (LDM)

When Layered Division Multiplexing (LDM) is used, each PLP present in a Subframe shall be
classified as either a Core PLP or an Enhanced PLP. The LDM layer with which a PLP is
associated shall be indicated by L1D_plp_layer. There shall always be one Core Layer, regardless of
whether or not LDM is used. There shall be no Enhanced Layers when LDM is not used. There
shall be one or more Enhanced Layers when LDM is used. The current version of the specification
shall have a maximum of one Enhanced Layer for LDM.

Each Core PLP within a Subframe shall represent one time interleaver group. Each Core PLP
shall therefore belong to exactly one time interleaver group within a Subframe and shall have
directly associated L1 control signaling specifying the time interleaving parameters for that PLP.
Each Enhanced PLP shall be associated with one or more time interleaver groups within a
Subframe and shall not have directly associated L1 control signaling related to time interleaving.
An Enhanced PLP shall follow the time interleaving of the time interleaving group(s) with which
it is associated. Note that L1D_plp_start and L1D_plp_size of Enhanced PLPs are defined with respect
to before time interleaving.

Time interleaver groups shall be implicitly indexed within a Subframe according to the order
in which the associated Core PLPs appear in the control signaling for that Subframe. That is, the
first Core PLP whose parameter set appears in the control signaling for the corresponding
Subframe shall be indexed as TI Group 0, the second Core PLP whose parameter set appears in
the control signaling for the corresponding Subframe shall be indexed as TI Group 1, and so on.

83



ATSC A/322:2026-04 Physical Layer Protocol 14 April 2026

Note that the implicit indices of and the ordering of the implicit indices of time interleaver groups
shall be independent of the L1D_plp_id values for Core PLPs present in a Subframe.

Time interleaving, cell multiplexing, and subslicing (if applicable) shall be performed based
on Core PLPs. An Enhanced PLP shall follow the time interleaving and cell multiplexing of the
Core PLP(s) (time interleaver group(s)) with which the Enhanced PLP is associated.

An injection level shall be signaled for each Enhanced PLP. Injection levels shall not be
signaled for Core PLPs.

When an Enhanced PLP is layered-division multiplexed with at least one Core PLP that uses
the HTI mode, then that Enhanced PLP shall have an integer number of FEC Blocks within each
Subframe.

When an Enhanced PLP is spread over multiple TI groups, either all Core PLPs associated
with that Enhanced PLP shall use the HTI mode or else all Core PLPs associated with that
Enhanced PLP shall use the no TI Mode. When all Core PLPs associated with that Enhanced PLP
use the HTI mode, each such Core PLP shall use the intra-Subframe interleaving mode (i.e.,
L1D_plp_HTI_inter_subframe = (). When all Core PLPs associated with that Enhanced PLP use the
no TI Mode, each such Core PLP shall consist of an integer number of FEC Blocks within each
Subframe in which that Core PLP is layered-division multiplexed with that Enhanced PLP. This
implies that the use of dummy modulation values as described in Section 7.2.6.5 will likely be
required in this scenario in order to achieve an integer number of FEC Blocks per Subframe.

7.2.7.4.1 Simple LDM Example

Figure 7.18 shows the simplest possible LDM example, with one Core PLP (L1D PLP id 0) and
one Enhanced PLP (L1D PLP id 1), each with the same starting position and length. With only
one Core PLP, there is also only one time interleaver group (TI_Group 0). When LDM is applied
within a Subframe containing only one Core PLP, Convolutional Time Interleaver mode (see
Section 7.1.3) may be used.

L1D_PLP start 0

< L1D_PLP_size 0 N
|
TI_Group_0
L1D_PLP_id 0 L1D_PLP_layer =0
L1D_PLP_id_1 L1D_PLP_layer = 1
1 |
< L1D_PLP_size_1 >
|

L1D_PLP_start_1
Figure 7.18 LDM Example #1 (1 Core PLP, 1 Enhanced PLP).

72742 Two Core PLPs LDM Example

Figure 7.19 shows a more complex LDM example, with two Core PLPs (L1D PLP id 0 and
LID PLP id 1) and one Enhanced PLP (L1D_PLP id 2). The Enhanced PLP (L1D PLP id 2)
is exactly aligned with the corresponding Core PLP (L1D_PLP id 1), with both PLPs having the
same start position and length. There are two time interleaver groups (TI Group 0 and
TI Group_1), one for each Core PLP.
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L1D_PLP start 0 L1D _PLP start 1

«—— L1D_PLP size 0 —»4———— L1D _PLP_size 1 —— %
|

Tl_Group_0 Tl_Group_1
Y A
L1D_PLP_id 0 L1D_PLP_id_1 L1D_PLP_Jayer =0
L1D_PLP_id 2 L1D_PLP_layer = 1

«—— 11D PLP size 2 ——— >
|

L1D_PLP start 2

Figure 7.19 LDM Example #2 (2 Core PLPs, 1 Enhanced PLP).

7.2.74.3 Non-aligned Enhanced Layer LDM Example

Figure 7.20 shows an LDM example of Enhanced PLPs that are not aligned with Core PLPs. There
are two time interleaver groups, one for each Core PLP.

L1D_PLP_start_ 0 L1D_PLP_start_1

11D PLP size 0 —— »l«—— L1D_PLP size_ 1 —»
|

Tl_Group_0 Tl_Group_1
A A
L1D_PLP_id_0 L1D_PLP_id_1 L1D_PLP_layer = 0
L1D_PLP_id 2 L1D_PLP_id_3 L1D_PLP_layer = 1
A

«— L1D_PLP size 2 — »«———— (1D PLP size 3 ——»,
|

L1D_PLP start 2 L1D _PLP start 3

Figure 7.20 LDM Example #3 (2 Core PLPs, 2 Enhanced PLPs).

LID PLP id 2 is an Enhanced PLP associated with TI Group 0, which can be easily
determined since L/D PLP start Oand LID PLP start 2 areequal,and L/D PLP size 21isless
than LID PLP size (0 (thereby implying that L1D PLP id 2 is fully contained within
TI Group 0). L1D PLP id 2 is layered-division multiplexed into the first L/D PLP size 2 data
cells of TI Group 0.

L1D PLP id 3 is an Enhanced PLP associated with both TI Group 0 and TI Group 1.
LID PLP start 3 corresponds to a data cell index that is associated with TI_ Group 0, according
to the cell multiplexing parameters specified for L1D PLP id 0. Since L1D PLP id 3 istoo long
to completely fit into TI Group 0, L1D PLP id 3 automatically continues on into the next
implicitly indexed time interleaver group (TI _Group 1).

The first LID PLP size 0 — LID PLP size 2 data cells of L1D PLP id 3 are layered-
division multiplexed into the last LID PLP size 0 —LID PLP size 2 data cells of TI Group 0.
The last LID PLP size 3 —(LID PLP size 0—LID PLP size 2)datacells of LID PLP id 3
are layered-division multiplexed into TI Group 1.
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72744 Three Enhanced PLPs LDM Example

Figure 7.21 shows an LDM example with one Core PLP (L1D_PLP id 0) and three Enhanced
PLPs (L1D PLP id 1, L1D PLP id 2, L1D PLP id 3), all of which belong to the same time
interleaving group (TI Group 0). LID PLP start 0 and LID PLP start 1 are equal. Both
LID PLP start 2 and LID PLP start 3 correspond to data cell indices that are associated with
TI Group_0, according to the cell multiplexing parameters specified for L1D PLP id 0. The sum
of the lengths of the three Enhanced PLPs (LID PLP size 1, LID PLP size 2,
LID PLP size 3)is equal to the length of the Core PLP (LID PLP size (), so all PLPs fit within
the same time interleaving group.

L1D_PLP_start 0

< L1D_PLP size 0 N
Tl_Group_0
L1D_PLP_id O L1D_PLP_layer = 0
L1D_PLP_id 1 L1D_PLP_id 2 L1D_PLP_id 3 L1D_PLP_layer = 1
A Y
«—— L1D_PLP_size_1 —»l4—— L1D_PLP_size_2 —»¢—— L1D_PLP_size_3 —»|
|

L1D_PLP_start 1 L1D_PLP_start 2 L1D_PLP_start 3

Figure 7.21 LDM Example #4 (1 Core PLP, 3 Enhanced PLPs).

72745 Three Core PLPs LDM Example

Figure 7.22 shows an LDM example with three Core PLPs (L1D PLP id 0, L1D PLP id 1,
L1D PLP id 2)and one Enhanced PLP (L1D PLP id 3). There are three time interleaver groups
(TI_Group 0, TI Group 1, TI Group 2), one for each of the three Core PLPs.

L1D PLP id 3 is an Enhanced PLP associated with all three time interleaver groups.
LID PLP start 3 is equal to LID PLP start 0, which implies that the first LID PLP size 0
datacellsof L1ID PLP_id 3 are associated with TI Group 0. Since L1D PLP id 3 is too long to
completely fit into TI Group 0, L1D PLP id 3 automatically continues on into the next
implicitly indexed time interleaver group (TI Group 1) and then continues even further into the
following implicitly indexed time interleaver group (T1 Group 2). The middle LID PLP size 1
data cells of L1D PLP id 3 are associated with TI Group 1, and the last L/D PLP size 2 data
cells of L1ID PLP id 3 are associated with TI Group 2.
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L1D_PLP_start 0 L1D_PLP_start 1 L1D_PLP_start 2
‘«—— L1D_PLP_size 0 —>»«—— L1D_PLP_size_ 1 —»«—— L1D_PLP_size_2 —»{
|
Tl_Group_0 Tl_Group_1 Tl_Group_2
A 4 A A
L1D_PLP_id 0 L1D_PLP_id 1 L1D_PLP_id 2 L1D_PLP_layer =0
L1D_PLP_id 3 L1D_PLP_layer = 1
A
< L1D_PLP size 3 >

L1D_PLP start 3

Figure 7.22 LDM Example #5 (3 Core PLPs, 1 Enhanced PLP).

72746 Insertion of Enhanced Layer Dummy Modulation Values in HTI Mode with Layered
Division Multiplexing

Let a PLP group represent the complete set of PLPs associated with delivering a particular end
product to receivers within a Subframe. A PLP group will contain at least one Core PLP and will
also contain one or more Enhanced PLPs when Layered-Division Multiplexing is in use.

When time interleaving is configured as HTI mode, which uses an integer number of FEC
Blocks for the actual PLP data, the total number of cells of Core PLP(s) may be different from that
of Enhanced PLP(s) within a particular PLP group depending on ModCod configuration of each
PLP. In such cases, Enhanced Layer dummy modulation values shall be inserted after the actual
data cells of the last Enhanced PLP in the PLP group so that the total number of Enhanced Layer
cells shall be the same as the total number of Core Layer cells in that PLP group as shown in Figure
7.23. Dummy modulation values shall not be inserted in the Core Layer since TI groups are
configured with respect to Core PLP(s).

Tl_Group_0 TI_Group_1
L1D_PLP_id_0 L1D_PLP_id_1 L1D_PLP_layer =0
L1D_PLP_id 2 L1D_PLP_layer = 1

Dummy

Figure 7.23 Example Insertion of Enhanced Layer dummy modulation values
when the HTT mode is used with Layered-Division Multiplexing.

The insertion of Enhanced Layer dummy modulation values shall be performed after the BICM
stages and before Core PLP(s) and Enhanced PLP(s) are combined. For the generation of Enhanced
Layer dummy modulation values, the Baseband Packet scrambling sequence defined in Section
5.2.3 shall be used and this scrambling sequence shall be reinitialized for each relevant PLP group.
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Then, this sequence shall be modulated by using the same constellation mapping that is used for
the last Enhanced PLP in the current PLP group.

The Enhanced Layer dummy modulation values shall have the same power as the immediately
preceding Enhanced PLP within the same PLP group so that the same scaling factor and
normalizing factor in Table 6.16 are applied for the Enhanced Layer dummy modulation values.
Note that when the number of cells allocated to each PLP varies from Subframe to Subframe due
to variable bit rates, the number of Enhanced Layer dummy modulation values would also change
from Subframe to Subframe.

7.2.7.5 Frequency Division Multiplexing (FDM)

The frequency division multiplexing of multiple PLPs within a Subframe can be achieved by using
dispersed PLPs with appropriate parameter settings. To achieve FDM, the subslice interval of each
dispersed PLP is set to the number of data cells per data symbol for the current Subframe
configuration. The number of subslices is set such that the resulting size of each subslice is less
than the number of data cells per data symbol for the current Subframe configuration.

Note that the frequency division multiplexing effect can only be achieved if frequency
interleaving of the corresponding Subframe is disabled. In addition, for full frequency division
multiplexing, PLP data cannot be mapped to data cells that belong either to the final Preamble
symbol (only applicable for the first Subframe of a Frame) or to a Subframe boundary symbol,
since those data cells will not be aligned in frequency with the allocated data cells that belong to a
normal data symbol. It may be possible to map PLP data to the final Preamble symbol (for the first
Subframe of a Frame) and/or to a Subframe boundary symbol if the limitation of a frequency
division multiplexed PLP being mapped to a different portion of the frequency spectrum at the
beginning and/or end of a Subframe is acceptable. For example, a low-power receiver would have
to receive the full system bandwidth of a transmitted signal at the beginning of a Frame anyway in
order to correctly receive and decode the Preamble (L1-Basic and L1-Detail), so could also receive
a frequency division multiplexed PLP that begins in the final Preamble symbol and which is then
confined to only a specific portion of the frequency spectrum for the remainder of the Subframe
(which would thus permit lower-power receiver processing of those data symbols).

Table 7.9 and Figure 7.24 show the cell multiplexing parameters and the resulting graphical
view for an example of the frequency division multiplexing of six PLPs. Note that
L1D_plp_num_subslices is set equal to one less than the number of subslices for a given dispersed
PLP (refer to Section 9.3.4), so the actual number of subslices for a dispersed PLP is one more
than the number given in Table 7.9.

Table 7.9 Example Parameters for Frequency Division Multiplexing of PLPs

L1D_plp_ L1D_plp_ L1D_plp_ L1D_plp_ L1D_plp_num _ L1D_plp_

id size type start subslices subslice _interval
A 26 Dispersed 0 25 10

B 52 Dispersed 1 25 10

C 26 Dispersed 3 25 10

D 78 Dispersed 4 25 10

E 26 Dispersed 7 25 10

F 52 Dispersed 8 25 10
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Figure 7.24 Example of frequency division multiplexing of PLPs.

7.2.7.6 Time Frequency Division Multiplexing (TFDM)

A mix of time and frequency division multiplexing can be accomplished by applying the approach
used to achieve frequency division multiplexing (Section 7.2.7.5) and setting PLP size and
subslicing parameters such that the resulting PLP mappings are multiplexed not only in frequency
but also in time.

One or more non-dispersed PLPs can also optionally be included in a TFDM Subframe.

The same limitations on frequency division multiplexing as described in Section 7.2.7.5 are
also applicable to TFDM, although data cells belonging either to the final Preamble symbol or to
a Subframe boundary symbol could be allocated to a time division multiplexed PLP at either the
beginning or end of a Subframe, in order to facilitate the full frequency division multiplexing of
PLPs within the middle portion of a Subframe.

Table 7.10 and Figure 7.25 show the cell multiplexing parameters and the resulting graphical
view for an example of the time and frequency division multiplexing of six PLPs. Note that
L1D_plp_num_subslices is set equal to one less than the number of subslices for a given dispersed
PLP (refer to Section 9.3.4), so the actual number of subslices for a dispersed PLP is one more
than the number given in Table 7.10.

Table 7.10 Example Parameters for Time and Frequency Division Multiplexing

of PLPs
L1D_plp_ L1D_plp_ L1D_plp_ L1D_plp_ L1D_num _ L1D_subslice _
id size type start subslices interval
A 50 Non-dispersed 0 N/A N/A
B 33 Dispersed 50 10 10
C 42 Dispersed 53 20 10
D 20 Dispersed 55 3 10
E 85 Dispersed 95 16 10
F 30 Dispersed 160 9 10
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Figure 7.25 Example of time and frequency division multiplexing of PLPs.

7.3 Frequency Interleaving

Frequency interleaving shall operate on the data cells of one OFDM symbol. Use of the Frequency
Interleaver (FI) for the data and Subframe boundary symbols of a particular Subframe is optional
and is signaled with L1D_frequency_interleaver. However, the frequency interleaver shall always be
used for Preamble symbols.

Frequency

— .
Xl Interleaving

— Am,l

Figure 7.26 Frequency interleaving overview.

In Figure 7.26 the input cells of the FI (the output cells of the framing) are defined by X,,,; =
o100 Xm0 Xmy,20 """ s XmuLN ggpq—1)> WHETE Xop 1 o denotes the cell index g of the symbol [ (I =
0, ..., Lpm — 1) and where Lry, is the number of Preamble, data and Subframe boundary symbols
in the first Subframe (m=1) or the number of data and Subframe boundary symbols in the second
and subsequent Subframe (m > 1). N4+, denotes the number of data cells in a symbol as specified
in Table 7.2 for Preamble symbols, Table 7.3 and Table 7.4 for data symbols, and Table 7.5 and
Table 7.6 for Subframe boundary symbols. Ay,; = (@m0, Ami,1 Ami2s " AmyN garq—1) dENOtES
the FI output cells for symbol / of Subframe m. Note that the counters / used for symbol number
and m used for Subframe index are unique to this section. In Subframe boundary symbols, the
frequency interleaver shall operate on both null and active cells.

Figure 7.27, Figure 7.28 and Figure 7.29 show the FI address generator diagrams for the 8K,
16K, and 32K FFT sizes, respectively. Each FI address generator consists of three generation
blocks: the (MSB) toggle (T) block, an interleaving sequence generator with a wire permutation,
and a symbol offset generator. The address-check block validates whether the generated address
is within the range of the allowable carrier indices for the particular OFDM symbol being
frequency interleaved.
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Figure 7.27 FI address generation scheme for the 8K FFT size.
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Figure 7.28 FI address generation scheme for the 16K FFT size.
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Figure 7.29 FI address generation scheme for the 32K FFT size.

In detail, in the interleaving sequence generator, an N,_, bit binary word R’; shall be generated
according to the following procedure:

i=01 - R',[N, — 2,N, — 3,---,1,0] = [0,0,--,0,0],

i=2 - R',[N, — 2,N, — 3,---,1,0] = [0,0,---,0,1],

2<i<Mpyg,: (R[N —3,N, —4,--,1,0] = R';_4[N, — 2,N, — 3, ,2,1];
8K FFT size: R';[11] = R';_1[0]®R’;_1[1]®R’;_1[4]®R';_1[6],
16K FFT size: R';[12] = R';_1[0]@®R';_1 [1]®R';_1 [4]®R';_1[5]OR’;_1 [9]OR’;_1[11],
32K FFT size: R';[13] = R';_1[0]®R';_,[1]®R’;_1[2]®R';_,[12]}.

where N, = log, M,,,, and the parameter M,,,,is defined in Table 7.11.

Table 7.11 Values of M,,,, for the Frequency Interleaver

FFT Size M, a0x
8K 8192

16K 16384
32K 32768

The wire permutations for each mode are defined by the relation of bit word R’; and bit word
R; as shown in Table 7.12, Table 7.13, and Table 7.14.
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Table 7.12 Wire Permutations for the 8K FFT Size

R'i bit positions 11 10 |9 |8 |7 6 514 (312 (110

Ri bit positions (even) 5 11 (3 |0 |10 |8 |6 9 |2 |4 |1 |7

Ri bit positions (odd) 8 10 |7 |6 |0 512 {113 1|9 |4 |11
Table 7.13 Wire Permutations for the 16K FFT Size

R'i bit positions 12 (11 |10 |9 |8 7 6 |5 |4 3 2 110

Ri bit positions (even) 8 |4 |3 (2|0 |11 (1 /5|12 |10 (6 |7 |9

Ri bit positions (odd) 7 19 |5 13111 402 |12 |10 |8 |6
Table 7.14 Wire Permutations for the 32K FFT Size

R'i bit positions 13 |12 |11 |10 |9 (8 |7 6 514 |3 |2 |1 0

Ri bit positions 6 5 0 10 |8 (1 |11 (12 |2 |9 |4 |3 |13 |7

The symbol offset generator generates a new offset every two symbols, i.e. the symbol offset
value is constant for two consecutive symbols (2n and 2n + 1). In the symbol offset generator, an
N, bit binary word G}, shall be generated according to the following procedure:

k=0 :Gg[N, —1,N, — 1,0] = [1,1,--,1,1],

0 <k < [Lpm/2] {Gk[ —2,N, —3,-+,1,0] = Gy_1[N, — 1, N, — 2, --,2,1];
8K FFT size: Gi[12] = Gy_1[0]®Gy_1[1] [4]®Gy_1[5]DCy_1 [9]DGC_,[11],
16K FFT size: G, [13] = Gy_1[0]®Gj_4[1] [2]®G,_4[12],
32K FFT size: G[14] = Gy_1[0]®Gy_1[1]}.

DGy
DGy

where @ represents an XOR operation.

From Figure 7.27, Figure 7.28, and Figure 7.29, the interleaving sequence H;(p) (p =
0,:*, Ngqrq — 1) to interleave the input symbol X;,, ; shall be generated as follows:

for (1 = 0;1 < Lgp; L =1+ 1)

{
p=0
for(i=0;i < Mpge;i=10+1){
H(p) = [((Emod 2)2"" + T Ri[j12) ® X7 Gz [127];
if (Hi(p) < Ngata) p=p+ 13}
h

Note that for the 8K and 16K FFT sizes, two different wire permutations are used. For a given
symbol / the particular wire permutation used shall depend on the value of (I mod 2) as shown in
Table 7.12 and Table 7.13. This indicates that a different interleaving sequence is used every
symbol. For the 32K FFT size, a single permutation shall be used as shown in Table 7.14, which
indicates a different interleaving sequence is used every symbol pair.
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For each FFT size, using the interleaving sequence H;(p) (p = 0,:*,Nggiq — 1), the
interleaved symbol Ay, ; = (@m0 A1) Ami2r ) AmiN gaq—1) 1S defined as follows.
For the 32K FFT size, the input-output relation of the FI shall be

Am,H,(p) = Xm,Lp> for the even symbol of a symbol pair, [ = 0,2,4, ...,
Amip = Xm,H,(p)> fOr the odd symbol of a symbol pair, [ = 1,35, ....
For the 8K and 16K FFT sizes, the input-output relation of the FI shall be
Amip = XmiH(p)> fOr any symbol, [ = 0,1,2, ....

The following clauses describe how the FI shall operate on a Frame basis:

1) On the first Preamble symbol of the Frame, the symbol offset generator and the interleaving
sequence generator shall be reset, i.e. the contents of the symbol offset generator FBSR G
shall be set to [1111...11] and the contents of the interleaving sequence generator FBSR
R’ shall be set to [0000...00].

2) With the exception of the first Subframe in the Frame, on the first symbol of the second
and subsequent Subframes in the Frame the symbol offset generator and the interleaving
sequence generator shall be reset, i.e. the contents of the symbol offset generator FBSR G
shall be set to [1111...11] and the contents of the interleaving sequence generator FBSR
R’ shall be set to [0000...00]. The first symbol of a Subframe may be a data symbol or a
Subframe boundary symbol.

8. WAVEFORM GENERATION
The block diagram of the Waveform Generation part is shown in Figure 8.1.

Waveform Generation

Pil I |
> pot > Mo > IFFT L» PAPR _p| GuardInterval L - g cirap
Insertion (Gl) Insertion

\/
A/
\/

Figure 8.1 Block diagram of waveform generation.

The waveform generation section consists of pilot insertion in Section 8.1 followed by optional
MISO predistortion in Section 8.2. The resultant signal is passed through an IFFT, described in
Section 8.3. Optional peak-to-average-power reduction techniques may be applied as described in
Section 8.4, followed by guard interval insertion as detailed in Section 8.5. Finally the bootstrap
signal is prefixed to the beginning of each Frame as shown in Figure 7.10.
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8.1 Pilot Insertion
8.1.1 Introduction

Various cells within the OFDM Frame are modulated with reference information whose
transmitted value is known to the receiver. Cells containing reference information may be
transmitted at a boosted power level. These cells are called scattered, continual, edge, Preamble or
Subframe boundary pilots. The locations and amplitudes of these pilots are defined in Sections
8.1.3 to Section 8.1.7. The value of the pilot information is derived from a reference sequence,
which is a series of values, one for each transmitted carrier on any given symbol, described in
Section 8.1.2. The pilots can be used for synchronization, channel estimation, and phase noise
estimation, among other uses.

Table 8.1 gives an overview of the different types of pilots and the symbols in which they

appear, where a check mark v'indicates the presence of pilots in that symbol type.

Table 8.1 Presence of the Various Types of Pilots in Each Type of Symbol

Symbol Type Preamble Scattered Subframe Common Additional Edge
Pilot Pilot Boundary Continual Continual Pilot
Pilot Pilot Pilot
Preamble v 4
Data v 4 v 4
Subframe 4 4 v 4
Boundary

The following sections specify values for ¢k, for certain values of m, / and k, where m and /
are the Subframe and symbol number, and & is the OFDM carrier index. The symbol number /
begins at zero for the first symbol of the Preamble and is incremented every symbol thereafter.
The symbol number / is reset to zero at the first symbol in each Subframe.

Carrier indices can be considered to be either absolute carrier indices or relative carrier indices.
Absolute carrier indices are indexed on the maximum possible number of carriers regardless of
whether carrier reduction has been configured and hence range from 0 to NoCpux — 1. Relative
carrier indices are indexed on the configured number of carriers (which is a function in part of the
configured carrier reduction coefficient) and hence range from 0 to NoC — 1. Preamble, scattered,
Subframe boundary, edge, and additional continual pilot locations depend on the relative carrier
indices. Common continual pilot locations depend on the absolute carrier indices.

8.1.2 Reference Sequence

The pilots are modulated according to a reference sequence, 7, where £ is the relative carrier index
as previously defined. This reference sequence is applied to all the pilots (i.e. scattered, both
common and additional continual, edge, Preamble and boundary pilots) of each symbol of a Frame.
The reference sequence can be generated according to Figure 8.2. The initial sequence shall be
0000 0000 1101 1 and shall be loaded at the start of each symbol.

The generator polynomial G(x) shall be:

The first 24 values of the reference pilot sequence are 1101 1000 0000 0001 0100 0000.
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Initial sequence
0 0 0 0 0 0 0 0 1 1 0 1 1

1 2 3 4 5 6 y/ 8 9) 10 11 12 13 I

’-Vx—Px—Px—Px—Px—Px—Px—Px—PXIXIX—PXIX >

Figure 8.2 Reference sequence generator.

8.1.3  Scattered Pilot Insertion

Reference information, taken from the reference sequence, shall be transmitted in scattered pilot
cells in every data symbol. Scattered pilots shall not be transmitted in Preamble symbols and
Subframe boundary symbols. The locations of the scattered pilots are defined in Section 8.1.3.1,
the amplitudes are defined in Section 8.1.3.2 and the modulation is defined in Section 8.1.3.3.
8.1.3.1 Locations of the scattered pilots

A given relative carrier k£ of the OFDM signal on a given symbol / shall be a scattered pilot if the
appropriate equation below is satisfied:

k mod (Dx Dy) = Dx (I mod Dy)

where: the values of Dx and Dy are as defined in Table 8.2:
The following definitions apply to the scattered pilots:
Dyx: Separation of pilot bearing carriers (that is, in the frequency direction)
Dy: Number of symbols forming one scattered pilot sequence (time direction)
SPa_b: pilot pattern designation where @ = Dy and b = Dy.

Table 8.2 Parameters Dy and Dy Defining the SISO Scattered Pilot Patterns

Pilot Pattern Dx Dy Pilot Pattern Dx Dy
SP3_2 3 2 SP12_2 12 |2
SP3_4 3 4 SP12_4 12 |4
SP4_2 4 2 SP16_2 16 |2
SP4 4 4 4 SP16_4 16 |4
SP6_2 6 2 SP24 2 24 |2
SP6_4 6 4 SP24 4 24 |4
SP8_2 8 2 SP32_2 32 |2
SP8 4 8 4 SP32_4 32 |4

The combinations of scattered pilot patterns, FFT size and guard interval which shall be
allowed are defined in Table 8.3. N/4 indicates a FFT size/ GI combination that has no valid
scattered pilot pattern.
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Table 8.3 Allowed Scattered Pilot Pattern for Each Combination of FFT Size and

Guard Interval Pattern in SISO Mode

Gl Pattern Samples 8K FFT 16K FFT 32K FFT
GI1_192 192 SP32_2, SP32_4, SP32_2,SP32_4 SP32_2
SP16_2, SP16_4
Gl2_384 384 SP16_2, SP16_4, SP32_2, SP32_4, SP32_2
SP8_2, SP8 4 SP16_2, SP16_4
GI3_512 512 SP12_2, SP12_4, SP24_2,SP24 4, SP24 2
SP6_2, SP6_4 SP12_2,SP12_4
Gl4_768 768 SP8_2, SP8_4, SP16_2, SP16_4, SP32_2, SP16_2
SP4_2,SP4 4 SP8_2,SP8_4
GI5_1024 1024 SP6_2, SP6_4, SP12_2, SP12_4, SP24 2,SP12_2
SP3_2, SP3_4 SP6_2, SP6_4
Gl6_1536 1536 SP4_2,SP4 4 SP8_2, SP8 4, SP16_2, SP8_2
SP4_2,SP4 4
GI7_2048 2048 SP3_2,SP3_4 SP6_2, SP6_4, SP12_2, SP6_2
SP3_2,SP3_4
GI8_2432 2432 N/A SP6_2, SP6_4, SP12_2, SP6_2
SP3_2, SP3 4
GI9_3072 3072 N/A SP4_2,SP4 4 SP8_2, SP3_2
GI110_3648 3648 N/A SP4_2,SP4 4 SP8_2, SP3_2
GI11_4096 4096 N/A SP3_2,SP3_4 SP6_2, SP3_2
Gl12_4864 4864 N/A N/A SP6_2, SP3 2

The scattered pilot patterns are illustrated in Annex E.
8.1.3.2 Amplitudes of the Scattered Pilots

The amplitude of the scattered pilots, Asp, shall be determined from the parameter

L1D_scattered_pilot_boost and the scattered pilot pattern. The range of L1D_scattered_pilot_boost is

defined from 0 to 4. Approximate amplitude values are listed in Table 9.17 and any amplitude

value shall be calculated from the exact power values listed in Table 9.16.

8.1.3.3 Modulation of the Scattered Pilots

The phases of the scattered pilots are derived from the reference sequence given in Section 8.1.2.
The modulation value of the scattered pilots shall be given by:

Re{cmik} =2 Asp (1/2 -ry)
Im{ cmir} =0
where Asp is as defined in Section 8.1.3.2, r« is defined in Section 8.1.2, m is the Subframe index,

k 1s the relative index of the carriers and / is the time index of the symbols.

8.1.4 Continual Pilot Insertion

In addition to the scattered pilots, a number of continual pilots (CP) are inserted in every symbol
of the Frame, including the Preamble symbols and any Subframe boundary symbols. The location
of the continual pilots is described in Section 8.1.4.1, the amplitude is described in Section 8.1.4.2
and the modulation is described in Section 8.1.4.3.
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8.1.4.1 Locations of the Continual Pilots
Continual pilot locations shall be determined from a common CP set with additional locations
from an additional CP set.

The common continual pilot locations for 32K shall be as described in Table D.1.1 and are
called the common CP set CP3;. The locations of the common CPs have been chosen such that
they do not fall on scattered pilot (SP) locations. The locations of the common CPs do not depend
on the SP pattern.

The common continual pilot locations for 8K and 16K FFT sizes shall be derived from the
locations of the common CP set CP;3; using the following equations:

CP (k'Y =[CP,(2k")/2]
CP,(k") =] CP, (4k")/4]

fork’=0,1,...,95and k" =0, 1,..., 47 where the brackets denote the ceiling operation.

As well as the common CPs (which do not occur on SP carrier locations), a very small number
of additional CPs shall be added at carrier locations that may be SP locations as described in Table
D.1.4. The reason for the additional CPs is to ensure a constant number of data carriers in every
data symbol, since the number of data carriers varies due to the differing number of SPs per symbol.
The additional CP sets therefore depend on the scattered pilot patterns as well as the FFT size.

If the bandwidth of the total signal is reduced, that is, Creq coefr>0, any CP positions which fall
outside of the number of carriers NoC as defined in Table 7.1 shall be ignored.

The total number of common continual pilots for each FFT size and value of Creq coefr are
defined in Table 8.4.

Table 8.4 Number of Common Continual Pilots in Each FFT Size

Cred_coeff 8K 16K 32K
0 48 |96 192
1 48 |96 192
2 47 |93 186
3 46 |92 184
4 45 |90 180

8.1.4.2 Amplitudes of the Continual Pilots

The common continual pilots shall be transmitted at boosted power levels, where the boosting
depends on the FFT size. Table 8.5 gives the modulation amplitude Acp of the common continual
pilots for each FFT size. The dB values are exact, the linear values are approximate and this is
shown by the use of italics.

Table 8.5 Boosting for the Common Continual Pilots

FFT size 8K 16K 32K
Acp 2.67 2.67 2.67
Acp (dB) 8.52 8.52 8.52

For additional continual pilots, the modulation amplitude of the scattered pilot pattern (Asp)
shall be used.
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8.1.4.3 Modulation of the Continual Pilots

The phases of the continual pilots shall be derived from the reference sequence 7« given in Section
8.1.2. The modulation value for the continual pilots shall be given by:

Re{cmik} =2 Acp (1/2 -rx)
Im{ cmix } =0.

where Acp is as defined in Table 8.5.

8.1.5 Edge Pilot Insertion

The edge carriers, that is carriers with the relative carrier indices £ = 0 and k = NoC — 1, shall be
edge pilots in every symbol except for the Preamble symbol(s). Edge pilots are inserted in order
to allow frequency interpolation up to the edge of the spectrum. The modulation of these cells shall
be exactly the same as for the scattered pilots, as defined in Section 8.1.3.3:

Re{cmik} =2 Asp (1/2 -ri)
Im{ cmix } =0.

8.1.6 Preamble Pilot Insertion

The Dx value used for the Preamble pilots of a Frame shall be less than or equal to the Dx value
used for the scattered pilots of the first Subframe of the same Frame, in order to provide more
accurate equalization for the Preamble symbols.

8.1.6.1 Locations of the Preamble Pilots

Preamble pilots shall always use Dy = 1, that is the pilots shall occur in the same locations for each
Preamble symbol. The Dx value of the Preamble pilots shall be signaled by preamble_structure in
the bootstrap. Details of the valid Dx values for preamble_structure are described in Table H.1.1 of
Annex H.

The cells in a Preamble symbol for which the relative carrier index £ mod Dx = 0, shall be
Preamble pilots.

8.1.6.2 Amplitudes of the Preamble Pilots

The pilot cells in the Preamble symbol(s) shall be transmitted at boosted power levels as shown in
Table 8.6, which gives the exact power (in dB) and the corresponding approximate equivalent
modulation amplitude Apreambie for the Preamble pilots.
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Table 8.6 Exact Power (dB) and Approximate Amplitudes of the Preamble Pilots

FFT Size Gl Length Pilot Pattern  Power (dB)  Equivalent Amplitude
(samples) (Dx) (Apreamble)
8K 192 16 5.30 1.841
8K 384 8 3.60 1.514
8K 512 6 2.90 1.396
8K 768 4 1.80 1.230
8K 1024 3 0.90 1.109
8K 1536 4 1.80 1.230
8K 2048 3 0.90 1.109
16K 192 32 6.80 2.188
16K 384 16 5.30 1.841
16K 512 12 4.60 1.698
16K 768 8 3.60 1.514
16K 1024 6 2.90 1.396
16K 1536 4 2.10 1.274
16K 2048 3 1.30 1.161
16K 2432 3 1.30 1.161
16K 3072 4 2.10 1.274
16K 3648 4 2.10 1.274
16K 4096 3 1.30 1.161
32K 192 32 6.80 2.188
32K 384 32 6.80 2.188
32K 512 24 6.20 2.042
32K 768 16 5.30 1.841
32K 1024 12 4.60 1.698
32K 1536 8 4.00 1.585
32K 2048 6 3.20 1.445
32K 2432 6 3.20 1.445
32K 3072 8 4.00 1.585
32K 3072 3 1.30 1.161
32K 3648 8 4.00 1.585
32K 3648 3 1.30 1.161
32K 4096 3 1.30 1.161
32K 4864 3 1.30 1.161

8.1.6.3 Modulation of the Preamble Pilots

The phases of the Preamble pilots shall be derived from the reference sequence given in Section
8.1.2.

The corresponding modulation shall be given by:

Re{cm,l,k} = 2 Apreamble (1/2 - rk)
Im{cm ik} =0

where m is the Subframe index, £ is the frequency index of the carriers and / is the symbol index.
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8.1.7 Subframe Boundary Pilot Insertion

The pilots for Subframe boundary symbols are denser than for the adjacent normal data symbols
of the same Subframe.

8.1.7.1 Locations of the Subframe Boundary Pilots

The cells in a Subframe boundary symbol for which the relative carrier indices £ mod Dx = 0,
except when k= 0 and k = NoC — 1, shall be Subframe boundary pilots, where Dx is the value from
Table 8.2 for the scattered pilot pattern in use for that Subframe. Cells in a Subframe boundary
symbol for which £ =0 or k = NoC — 1 shall be edge pilots, see Section 8.1.5.

8.1.7.2 Amplitudes of the Subframe Boundary Pilots

The Subframe boundary pilots shall be boosted by the same factor as the scattered pilots, Asp.

8.1.7.3 Modulation of the Subframe Boundary Pilots

The phases of the Subframe boundary pilots shall be derived from the reference sequence given in
Section 8.1.2. The corresponding modulation shall be given by:

Re{cmir} = 2 Asp (1/2 - rx)
Im{cmis} =0

where m is the Subframe index, £ is the relative carrier index of the carriers and / is the time index
of the symbols.

8.2 MISO

8.2.1  Transmit Diversity Code Filter Sets

The Transmit Diversity Code Filter Set is a MISO pre-distortion technique that artificially
decorrelates signals from multiple transmitters in a Single Frequency Network in order to minimize
potential destructive interference. The linear frequency domain filters are all-pass filters with
minimized cross-correlation under the constraints of the number of transmitters Nry € {2,3,4} and
the time domain span of the filters Ny;;so € {64,256}.

MISO shall be applied only to Subframe OFDM symbols and shall not be applied to the
bootstrap or Preamble. The use of MISO shall be signaled with the parameters L1B_first_sub_miso
and L1D_miso on a per Subframe basis.

Figure 8.3 shows a multi-transmitter system where the Nry pre-distortion filters shall be
applied in the frequency domain on the OFDM symbols of each Subframe.
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Figure 8.3 Block diagram showing example MISO transmission.

Code filter frequency domain pre-distortion function ®,[k] shall be determined using the
Time Domain Impulse Response Vectors from Table J.1.1 and Table J.1.2 and using a zero-padded
FFT of size Nftr associated with current Subframe m:

Nwmiso=1 j2mkn
d, [k] =exp|jarg Z h[nle Nier ||; k €{0,..,NoC —1},x € {1, ..., Npx}
n=0

where exp() represents the natural exponentiation function and arg() represents the argument
function which provides the angle in radians of a complex value.

Function ®,.[k] shall be applied as:
Cx,m,l,k = (Dx[k]cm‘l‘k; k e {0, ...,NOC — 1}, X € {1, ""NTX}

where:

k denotes the carrier number;

[ denotes the OFDM symbol index which shall start from 0 at the first OFDM symbol of
each Subframe;

m denotes the Subframe index, 0 < m < Nsr;

x denotes the transmitter index, x € {1, ..., Nrx};

cmik 18 the complex modulation value for carrier & of the OFDM symbol number / in
Subframe number m;

Cxmlk 1S the post-MISO complex modulation value for carrier £ of the OFDM symbol index /
in Subframe index m for transmitter index x.

8.3 Inverse Fast Fourier Transform (IFFT)

The transmitted signal is organized into Frames, and each Frame further divided into a bootstrap,
Preamble symbol(s) and Subframe(s). This section specifies the OFDM structure of the Preamble
and Subframe symbols.

The Subframes in a Frame shall be numbered from 0 to m. Each Subframe m has a duration of
Tskm, and consists of Lskm OFDM symbols.

The Preamble symbols in a Frame shall be numbered from 0 to Lg,-1.
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The data and Subframe boundary symbols in OFDM Subframe m shall be numbered from 0 to
Lsrm-1. All symbols shall contain both data and reference information (i.e. pilots).

Each symbol is constituted by a set of NoC carriers transmitted with a duration Tsm. Each
symbol is composed of two parts: a useful part with duration 7um and a guard interval with duration
TGm. The guard interval consists of a cyclic continuation of the useful part, 7um, which shall be
inserted before it. The allowed combinations of FFT size and guard interval are defined in Table
8.9.

Since the OFDM signal comprises many separately-modulated carriers, each symbol can in
turn be considered to be divided into cells, each corresponding to the modulation carried on one
carrier during one symbol.

The carriers are indexed by k € [0; NoC — 1]. The spacing between adjacent carriers is 1/7y
while the spacing between carriers 0 and NoC-1 is determined by (NoC-1)/Tu.

The baseband time domain signal after IFFT shall be described by the following expression:

LFp NoCp, -1 Ny -1 Lggm—1 NoC,,

e e X vl # i X VsV
preamblel Z " " Z datam Z Z “ "

where:
2K (t-Tpo T, ~IT; )
T Bs “LgpTHy
e U s <i<r (l+1)
v, ()= BS $p BS Sp
0 otherwise
721 K (t-Tys~Tp~Tg 1 Tgu= Y Tspin)
Tom 857G ZSF +T +ZT +lT <t<T +T +ZT +(l+1)T
l//m,l,k (t) — BS SFm Sm
0 otherWlse
and:

k  denotes the carrier number;

[ denotes the OFDM symbol number starting from 0 for the first Preamble symbol of a Frame
and being reset at the first OFDM symbol of each Subframe;

m denotes the Subframe number, 0 < m < Nsr;

k' 1is the carrier index relative to the center frequency, k' =k - (NoC—1)/ 2,

¢k 18 the complex modulation value for carrier k£ of the Preamble symbol number /;

cmik 1S the complex modulation value for carrier £ of the OFDM symbol number / in
Subframe number m;

NoCp, denotes the number of carriers in the (/ + 1) Preamble symbol. The first Preamble
symbol (/ = 0) always has the minimum NoC and the following Preamble symbols (0 </
< Lpp) share the same NoC value that is signaled in L1-Basic as explained in Sections
7.2.5.1 and 9.2.2;

NoC,, denotes the number of carriers of Subframe m as defined in Table 8.8;
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Lsrm  1s the number of data and Subframe boundary symbols in Subframe m;

Lrp,  is the number of OFDM symbols in the Preamble;

Tsm 1is the total symbol duration of each data and Subframe boundary symbol in Subframe
m, and Tsm = Tum + Tom;

Tum  istheuseful symbol duration for each data and Subframe boundary symbol in Subframe
m, defined in Table 8.8;

TGm  is the duration of the guard interval for each data and Subframe boundary symbol in
Subframe m including extra samples for each data and Subframe boundary symbol as
defined in Section 8.5;

Tss is the duration of the bootstrap;

Tp is the total duration of the Preamble, where Tp= Lrp Tsp;

Tsp  1s the total symbol duration of each Preamble symbol and Tsp = Tup + Tp;

Tup  is the useful symbol duration for each Preamble symbol,

Tgp  is the duration of the guard interval for each Preamble symbol;

Tsrm  1s the total duration of all data and Subframe boundary symbols in Subframe m;

Y. Tgpm is the summation of the total duration of Subframes from 0 to m-1, Y Tspy =

ot Tspms 2 Tspm = 0ifm = 0;

Nsg  is the number of Subframes in a Frame;

Ppreambles  is the frequency domain total power of the (/ + 1) Preamble symbol;

Paatam is the frequency domain total power of each data and Subframe boundary symbol

in Subframe m.

The IFFT power normalization factor shall be used to normalize the average power of the
baseband time domain signal to one regardless of the waveform parameters in use. Because the
OFDM symbol power before power normalization varies significantly depending on the waveform
parameters such as FFT size, scattered pilot pattern, amplitude of the scattered pilots, and the
number of carriers, different IFFT power normalization factors shall be used for different settings
of waveform parameters. The IFFT power normalization factor for the Preamble, 1/./Ppreampie,i»

can be obtained using the frequency domain total power of the Preamble symbol which is
summarized in Table I.1.1. The IFFT power normalization factor for data and Subframe boundary
symbols, 1/,/Pgqtam, can be obtained in a similar way using the frequency domain total power
of the data and Subframe boundary symbol which is summarized in Table 1.2.1 to Table 1.2.5.

The OFDM parameters are summarized in Table 8.8. The values for the various time-related
parameters are given in multiples of the elementary period 7" and in microseconds. The elementary
period T is specified by 1/(0.384MHz x (16+bsr_coefficient)), where bsr_coefficient is defined in
Table 9.1 for each bandwidth, and approximate values for 7 are shown in Table 8.7 for
convenience. The bandwidth of the system is determined from the value of system_bandwidth
signaled in bootstrap symbol 1. See Section 9.1 for details of the bootstrap.

Table 8.7 Approximate Elementary Periods T

bsr_coefficient 2 5 8
Elementary period T (us) 0.1447 10.1240 10.1085
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Table 8.8 OFDM Parameters

Parameter 8KFFT  16KFFT 32K FFT
Crodcooi =0 6913 13825 27649
_ Crod oot =1 6817 13633 27265
zg'gbe’ of carriers Cred oo =2 |6721 13441 26881
Crod oot =3 |6625 13249 26497
Crod oot =4 |6529 13057 26113

Duration Tu 8192 T  |16384T  |32768 T

Duration Tu (us)
(see note 1 and 2)

Carrier spacing 1/Tu (Hz)

1185.185 |2370.370 |4740.741

(see note 2) 843.75 421875  |210.9375
Cred_coeff =0 5.832 5.832 5.832
Spacing between Cred cost =1  |5.751 5.751 5.751
(c,\a,:,r'c‘fﬁ,gua(r,bf,_l”z’;’c -1 Ciedcosi =2 |5.670 5.670 5.670
(see note 2) Cred_coeff = 3 5.589 5.589 5.589
Cred cost =4 |5.508 5.508 5.508

Note 1: Numerical values in italics are approximate values.
Note 2: Values are for bsr_coefficient=2 and system_bandwidth=6 MHz.

8.4 Peak to Average Power Ratio Reduction Techniques

In order to reduce the Peak to Average Power Ratio of the output OFDM signal, modifications to
the transmitted OFDM signal—tone reservation described in Section 8.4.1 and Active
Constellation Extension (ACE) described in Section 8.4.2—may be used. None, one or both
techniques may be used. Guard interval insertion is applied after the PAPR reduction.

8.4.1 Tone Reservation

When Tone Reservation (TR) is enabled, some OFDM carriers shall be reserved to allow the
insertion of cells designed to reduce the overall PAPR of the output waveform. These cells shall
not contain any payload data or signaling information.

The sets of carriers reserved for PAPR reduction in Preamble, data and Subframe boundary
symbols shall be as defined in Table G.1.2 and Table G.1.3.

Depending on the data OFDM symbol index, the carriers in the tables specified above or the
circular shifts of these values are used. The amount of circular shift depends on the pilot spacing
Dx and Dy. In a data symbol corresponding to an index /, the reserved carrier set 5 shall be

calculated as:

S, =i, +D, x(ImodD,),i,eS,,0=n<Np,d,<Il<d,,

where Sy represents the set of reserved carriers corresponding to carrier indices defined in the tables
specified above, n,, is the number of reserved cells per OFDM symbol, 4, represents the index

of the first OFDM symbol of the Subframe and »_ , represents the index of the last data symbol.

An example algorithm for generating the values inserted into the tone reservation carriers is
described in Annex M.2.
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8.4.2 Active Constellation Extension (ACE)

The Active Constellation Extension (ACE) algorithm reduces the PAPR by the modification of
the transmitted constellation points. The active constellation extension technique shall not be
applied to pilot carriers or reserved tones. ACE shall not be used in conjunction with LDM, MISO
or MIMO.

An example algorithm for ACE is described in Annex M.3.

8.5 Guard Interval
In Table 8.9 twelve guard intervals are defined in terms of the absolute guard interval length

expressed in samples. Table 8.9 additionally defines with a check mark v'which guard interval
patterns shall be allowed for each FFT size, those guard interval patterns not allowed are shown
by N/A.

Table 8.9 Duration of the Guard Intervals in Samples

Gl Pattern Duration in Samples 8KFFT 16KFFT 32KFFT
GI1_192 192 4 4 4
Gl2_384 384 4 4 4
GI3_512 512 4 4 4
Gl4_768 768 (4 4 4
GI5_1024 1024 4 4 4
Gl6_1536 1536 4 4 4
GI7_2048 2048 4 4 4
GI8_2432 2432 N/A 4 4
GI9_3072 3072 N/A 4 4
GI10_3648 |3648 N/A 4 4
GI11_4096 |4096 N/A 4 4
Gl12_4864 |4864 N/A N/A 4

8.5.1  Guard Interval Extension for Time-aligned Frames

The contents of this section shall apply when time-aligned Frames are indicated. The contents of
this section shall not apply when symbol-aligned Frames are indicated.

When a time-aligned Frame is indicated, zero or more extra samples in addition to the indicated
guard interval (see Table 8.9) shall be inserted to make the total actual Frame length equal to the
signaled Frame length. These extra samples shall be distributed to the specific portions of the non-
Preamble OFDM symbols within the Frame using the following algorithm. The approach detailed
here ensures that all OFDM symbols within a given Subframe have the same guard interval length
and that an equal number of extra samples are distributed to the guard interval of every non-
Preamble OFDM symbol within a Frame.

®  Thootstrap 18 the total time length (in seconds) of the bootstrap for the current Frame.
® Ttrame 1s the indicated total Frame time length in seconds.

e BSR is the baseband sampling rate (in MSamples/s) for the non-bootstrap portion of the

current Frame.

Npreamble

symbols 18 the number of Preamble symbols.

o NPLEO™PI i the FFT size of the Preamble symbols.
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NET€4mPLe s the guard interval length (in samples) for the Preamble symbols.

e Ng,p is the total number of Subframes in the Frame.

o Ns"ymbo 1s 18 the number of OFDM symbols (including any Subframe boundary symbols) in
the kth Subframe.

e NF.; is the FFT size for the kth Subframe.

e Nk is the indicated guard interval length (in samples) for the kth Subframe.

®  N,yirq 18 the total number of extra samples required to be inserted into a Frame in order to
make the actual and signaled Frame lengths equal. N, shall be calculated as:

_ _ __ pybreamble preamble preamble
Nextra - (Tframe Tbootstrap) X BSR Nsymbols X (NFFT + NGI )

Nsub

k k k
- Nsymbols X (NFFT + NGI)
k=1

®  Nyymbois = Zl,gi”lb Nskymbols is the total number of non-Preamble OFDM symbols
contained in the Frame (across all Ng,;;, Subframes).

e The guard interval of each non-Preamble OFDM symbol in the Frame shall receive
floor(Nextm/Nsymbols) extra samples as illustrated in Figure 8.4, where floor(x) is
defined as the largest integer that is less than or equal to x.

Signaled guard interval length

— (T

|| | Useful portion H | Useful portion | see H | Useful portion H
M/T Cyclic postfix on final
Extra samples for the guard intervals OFDM symbol of the frame

Figure 8.4 Illustration of the assignment of extra samples to the guard interval of
each non-Preamble OFDM symbol in a Frame.

e The remaining leftover Neyirq Mod Ngympors €xtra samples, if any, shall be inserted
immediately following the final OFDM symbol of the final Subframe of the Frame. These
samples shall represent a cyclic postfix of that OFDM symbol consisting of the requisite
number of samples copied from the beginning of the useful portion of that OFDM symbol,
as illustrated in Figure 8.5.
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Guard interval (includes
extra samples)

Cyclic
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~

Figure 8.5 Illustration of remaining leftover extra samples being assigned to a
cyclic postfix of the final OFDM symbol of the final Subframe of the Frame.

Useful portion of OFDM symbol

8.6 Bootstrap

The bootstrap symbol construction is defined in detail in [2]. Section 9.1 establishes constraints on

the payload contents of the bootstrap to represent the set of capabilities that this standard supports.
When MIMO or Layered MIMO is applied, the bootstrap symbols prefixed to a frame shall be

identical between the Polarizations, while the amplitudes may differ. In each Polarization,

amplitude of the bootstrap symbol should conform to that of the following Preamble symbol.

9. L1 SIGNALING

L1 signaling provides the necessary information to configure the physical layer parameters. The
term ‘L1’ refers to Layer-1, the lowest layer of the ISO 7-layer model. L1 signaling consists of
three parts: constraints on the bootstrap, described in Section 9.1, L1-Basic which is described in
Section 9.2 and L1-Detail which is described in Section 9.3. Both L1-Basic and L1-Detail are
carried in the Preamble symbols.

L1-Basic conveys the most fundamental signaling information of the system and also defines
the parameters needed to decode L1-Detail. The length of L1-Basic signaling is fixed at 200 bits.

L1-Detail details the data context and the required information to decode it. The length of L1-
Detail signaling may vary from Frame to Frame.

Note: Some signaling fields represent quantities for which the actual value zero is not valid
(e.g., zero Preamble symbols is not a valid configuration). Therefore, signaling of a value one less
than the actual value is used in these cases to maximize the efficiency of the range of values that
can be signaled by the number of signaling bits available for each signaling field.

9.1 Bootstrap
This section establishes constraints on the payload contents of the bootstrap symbols to represent
the set of capabilities that this standard supports. Versioning is defined in Section 9.1.1, and the
bootstrap symbol contents are defined in Sections 9.1.2,9.1.3 and 9.1.4 respectively. Any contents
not explicitly defined here shall follow [2].
9.1.1  Versioning
The value of bootstrap_major_version as defined by [2] shall be 0.

The value of bootstrap_minor_version as defined by [2] shall be 0.
9.1.2 Bootstrap Symbol 1
The constraints and meanings for the contents of bootstrap symbol 1 are completely defined by

[2].
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9.1.3 Bootstrap Symbol 2

The value for the bsr_coefficient defined in [2] (part of bootstrap symbol 2) shall be one of the
values shown in Table 9.1, and shall be the one that is applicable to the bandwidth of the emission.

Table 9.1 Defined Values of bsr_coefficient

bsr_coefficient Applicability

2 6 MHz bandwidth
5 7 MHz bandwidth
8 8 MHz bandwidth

9.1.4 Bootstrap Symbol 3

The value for the preamble_structure defined in [2] (bootstrap symbol 3) shall be one of the non-
reserved values listed in Table H.1.1.

9.2 Syntax for L1-Basic Data

The syntax and field semantics of the L1-Basic signaling fields shall be as defined in Table 9.2
and the following subsections. The names of signaling fields in L1-Basic are always prefixed with
‘L1B_ .

Table 9.2 L1-Basic Signaling Fields and Syntax

Syntax No. of Bits Format
L1_Basic_signaling() {

L1B_version 3 uimsbf
L1B_mimo_scattered_pilot_encoding 1 uimsbf
L1B_lIs_flag 1 uimsbf
L1B_time_info_flag 2 uimsbf
L1B_return_channel_flag 1 uimsbf
L1B_papr_reduction 2 uimsbf
L1B_frame_length_mode 1 uimsbf
if (L1B_frame_length_mode=0 ) {

L1B_frame_length 10 uimsbf

L1B_excess_samples_per_symbol 13 uimsbf
}else {

L1B_time_offset 16 uimsbf

L1B_additional_samples 7 uimsbf
}
L1B_num_subframes 8 uimsbf
L1B_preamble_num_symbols 3 uimsbf
L1B_preamble_reduced_carriers 3 uimsbf
L1B_L1_Detail_content_tag 2 uimsbf
L1B_L1_Detail_size_bytes 13 uimsbf
L1B_L1_Detail_fec_type 3 uimsbf
L1B_L1_Detail_additional_parity_mode 2 uimsbf
L1B_L1_Detail_total_cells 19 uimsbf
L1B_first_sub_mimo 1 uimsbf
L1B_first_sub_miso 2 uimsbf
L1B_first_sub_fft_size 2 uimsbf
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L1B_first_sub_reduced_carriers 3 uimsbf
L1B_first_sub_guard_interval 4 uimsbf
L1B_first_sub_num_ofdm_symbols 11 uimsbf
L1B_first_sub_scattered_pilot_pattern 5 uimsbf
L1B_first_sub_scattered_pilot_boost 3 uimsbf
L1B_first_sub_sbs_first 1 uimsbf
L1B_first_sub_sbs_last 1 uimsbf
L1B_first_sub_mimo_mixed 1 uimsbf
L1B_reserved 47 uimsbf
L1B_crc 32 uimsbf
}

9.2.1 L1-Basic System and Frame Parameters

The following parameters provide information related to the entire Frame.

L1B_version — This field shall indicate the version of the L1-Basic signaling structure that is used
for the current Frame. For the current version of the specification L1B_version shall be set to 1.
It is envisaged that when new L1-Basic signaling fields are introduced into an updated L1-
Basic signaling structure in such a manner that the presence or absence of at least one of those
new L1-Basic signaling fields cannot be otherwise deduced, L1B_version would be incremented
by 1. New L1-Basic signaling fields that are introduced into an L1-Basic signaling structure
corresponding to a particular L1B_version should be added in such a manner that they do not
interfere with the parsing of L1-Basic signaling fields by receivers that have been provisioned
only up to an earlier L1B_version.

L1B_mimo_scattered_pilot_encoding — This field shall indicate the appropriate MIMO pilot encoding
scheme used by any MIMO Subframes in the current Frame as given in Table 9.3. When there
are no MIMO Subframes in the current Frame, the value of L1B_mimo_scattered_pilot_encoding
shall be signaled as 0.

Table 9.3 Signaling Format for L1B_mimo_scattered_pilot_encoding

Value Meaning
0 Walsh-Hadamard pilots or no MIMO Subframes
1 Null pilots

L1B_lis_flag — This field shall indicate the presence or absence of Low Level Signaling (LLS) in
one or more PLPs in the current Frame. L1B_lIs_flag=0 shall indicate there is no LLS signaling
in the current Frame, while L1B_lis_flag=1 shall indicate there is LLS signaling carried in this
Frame. The PLP(s) which carry LLS shall be indicated by L1D_plp_lis_flag.

L1B_time_info_flag — This field shall indicate the presence or absence of timing information in the
current Frame, and the precision to which it is signaled according to Table 9.4.

Table 9.4 Signaling Format for L1B_time_info_flag

Value Meaning

00 Time information is not included in the current Frame

01 Time information is included in the current Frame and signaled to ms precision
10 Time information is included in the current Frame and signaled to ps precision
11 Time information is included in the current Frame and signaled to ns precision
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L1B_return_channel_flag — This field shall indicate whether a dedicated return channel (DRC) is
present. Specifically, L1B_return_channel_flag = 1 shall indicate that DRC is supported in the
current Frame of the current frequency band and current broadcast network.
L1B_return_channel_flag = 0 shall indicate that DRC is not supported in the current Frame of the
current frequency band and current broadcast network.

L1B_papr_reduction — This field shall indicate the technique to reduce the peak to average power
ratio within the current Frame as given in Table 9.5. The PAPR reduction technique shall apply
to all OFDM symbols contained within the current Frame, with the exception of the first
Preamble symbol. L1B_papr_reduction=10 and L1B_papr_reduction=11 shall not be indicated
when any of the following conditions is satisfied.

e L1B_first_sub_miso=01 or L1B_first_sub_miso=10 and/or L1D_miso=01 or L1D_miso=10 for
any Subframe within the current Frame.

e L1B_first_sub_mimo=1 and/or L1D_mimo=1 for any Subframe within the current Frame.
e L1D_plp_layer>0 for any PLP within the current Frame.

Table 9.5 Signaling Format for L1B_papr_reduction

Value Meaning

00 No PAPR reduction used
01 tone reservation only

10 ACE only

11 Both TR and ACE

L1B_frame_length_mode — This field shall be set to L1B_frame_length_mode=0 to indicate that the
current Frame is time-aligned with excess sample distribution to the guard intervals of Data
Payload OFDM symbols (i.e. non-Preamble OFDM symbols) as described in Section 8.5.1.
The field shall be set to L1B_frame_length_mode=1 to indicate that the current Frame is symbol-
aligned with no excess sample distribution.

L1B_frame_length — This field shall only be included when L1B_frame_length_mode=0 (i.c. when time-
aligned Frames are configured) and shall indicate the time period measured from the beginning
of the first sample of the bootstrap associated with the current Frame to the end of the final
sample associated with the current Frame (i.e. the signaled Frame length also includes the
length of the bootstrap). The time period indicated shall be expressed in units of 5 ms (i.e. time
period = L1B_frame_length X 5 ms). As stated in Section 7.2.2.2, the minimum Frame length is
50 ms and the maximum Frame length is 5 seconds, which implies that 10 < L1B_frame_length
< 1000.

L1B_excess_samples_per_symbol — This field shall only be included when L1B_frame_length_mode=0
(i.e. when time-aligned Frames are configured) and shall indicate the additional number of
excess samples included in the guard interval of each non-Preamble OFDM symbol of the post-
bootstrap portion of the current Frame when time-aligned Frames are used. The same number
of excess samples is included in the guard interval of each and every non-Preamble OFDM
symbol of the post-bootstrap portion of a Frame according to the excess sample insertion
algorithm described in Section 8.5.1. The total length of the guard interval for each OFDM
symbol belonging to a particular Subframe of the current Frame shall be equal to the sum of
the guard interval length for that particular Subframe (as indicated by
L1B_first_sub_guard_interval for the first Subframe and by the appropriate L1D_guard_interval for
any subsequent Subframes) and the value signaled by L1B_excess_samples_per_symbol.
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L1B_time_offset — This field shall only be included when L1B_frame_length_mode=1 (i.e. when
symbol-aligned Frames are configured) and shall indicate the number of sample periods (using
the BSR configured for the current Frame) between the nearest preceding or coincident
millisecond boundary and the leading edge of the Frame.

L1B_additional_samples — This field shall only be included when L1B_frame_length_mode=1 (i.e. when
symbol-aligned Frames are configured) and shall indicate the number of additional samples
added at the end of a Frame to facilitate sampling clock alignment. For the current version of
the specification, L1B_additional_samples shall be set to 0 when present.

L1B_num_subframes — This field shall be set to 1 less than the number of Subframes present within
the current Frame. That is, L1B_num_subframes=0 shall indicate that 1 Subframe is present
within the current Frame, L1B_num_subframes=1 shall indicate that two Subframes are present
within the current Frame, and so on.

9.2.2 L1-Basic Parameters for L1-Detail

The following parameters provide information required to decode the remainder of the Preamble,

that is, L1-Detail.

L1B_preamble_num_symbols — This field shall be set to one less than the total number of Preamble
OFDM  symbols. Example: When there 1is just one Preamble symbol,
L1B_preamble_num_symbols would be set equal to 0.

L1B_preamble_reduced_carriers — This field shall indicate the number of control units of carriers by
which the maximum number of carriers for the FFT size used for the Preamble is reduced. This
carrier reduction shall apply to all of the Preamble symbols of the current Frame with the
exception of the first Preamble symbol. See Section 7.2.6.3 for details. When there is only one
Preamble symbol, the value of this field shall be zero.

L1B_L1_Detail_content_tag — This field shall be incremented by 1 whenever the L1-Detail contents
of the current Frame have been modified as compared to the L1-Detail contents of the previous
Frame with a bootstrap of the same major and minor version as the current Frame. The
following signaling fields are excluded from determination of when to increment
L1B_L1_Detail_content_tag: L1D_time_sec, L1D_time_msec, L1D_time_usec, L1D_time_nsec
(including the presence or absence of any of these listed time fields) L1D_plp_llis_flag,
L1D_plp_fec_block_start, L1D_plp_CTI_fec_block_start, and L1D_plp_CTI_start_row. The initial value
of L1B_L1_Detail_content_tag shall be 0. When L1B_L1_Detail_content_tag is incremented after
reaching the maximum value, it shall wrap, and the next transmitted value shall be 0.

L1B_L1_Detail_size_bytes — This field shall indicate the size (in bytes) of the L1-Detail information.
The indicated number of L1-Detail information bytes shall not include any additional parity
bits that are included in the current Frame for the next Frame’s L1-Detail. The minimum value
of this field shall be 25 bytes.

L1B_L1_Detail_fec_type — This field shall indicate the FEC type for L1-Detail information protection
as given in Table 9.6. The details of the FEC type are described in Section 6.5.2.1.
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Table 9.6 Signaling Format for L1B_L1_Detail_fec_type

Value FEC Type
000 Mode 1
001 Mode 2
010 Mode 3
011 Mode 4
100 Mode 5
101 Mode 6
110 Mode 7
111 Reserved

L1B_L1_Detail_additional_parity_mode — This field shall indicate the Additional Parity Mode (defined
in Section 6.5.3.2) which gives the ratio (K) of the number of additional parity bits for the next
Frame’s L1-Detail that are carried in the current Frame to half of the number of coded bits for
the next Frame’s L1-Detail signaling. (Here, the next Frame shall be considered to be the next
Frame whose bootstrap has the same major and minor version as the current Frame.) The value
of the field shall be given as shown in Table 9.7.

Table 9.7 Signaling Format for L1B_additional_parity_mode

Value Additional Parity Mode

00 K = 0 (No additional parity used)
01 K=1

10 K=2

11 Reserved for future use

L1B_L1_Detail_total_cells — This field shall indicate the total size (specified in OFDM cells) of the
combined coded and modulated L1-Detail signaling for the current Frame and the modulated
additional parity bits for L1-Detail signaling of the next Frame.

9.2.3 L1-Basic Parameters for First Subframe

The parameters of the first Subframe of the current Frame are signaled within L1-Basic to facilitate
the immediate initial OFDM processing of this first Subframe at a receiver without needing to wait
until L1-Detail is decoded.

L1B_first_sub_mimo — This field shall indicate whether MIMO (see Annex L and Annex O) is used
for all PLPs in the first subframe of the current frame. A value of 1 shall indicate that MIMO
processing is applied to all PLPs in the first subframe. A value of 0 shall indicate that the first
subframe includes one or more PLPs to which MIMO processing is not applied. See Table 9.8
and note that the setting of this field to 1 is mutually exclusive with the setting of
L1B_first_sub_mimo_mixed to 1, as shown on the last line of the table.

L1B_first_sub_mimo_mixed — This field shall indicate whether the first subframe of the current frame
multiplexes PLPs using MIMO with other PLPs not using MIMO. A value of 1 shall indicate
that PLPs using and not using MIMO are multiplexed within the subframe, and a value of 0
shall indicate that all PLPs in the subframe either use MIMO (i.e., L1B_first_sub_mimo =1) or
do not use MIMO (i.e., L1B_first_sub_mimo =0).

When LDM is applied to the first subframe in a frame (i.e., when PLPs having L1D_plp_layer
values >0 are present in the subframe), the values of L1B_first_sub_mimo_mixed indicate the
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following: When set to 1, MIMO processing shall be applied to all Enhanced PLPs (i.e.,
L1D_plp_layer >0) in the described subframe, and MIMO processing shall not be applied to all Core
PLPs (i.e., L1D_plp_layer =0) in the described subframe. See Table 9.8, and note that the setting of
this field to 1 is mutually exclusive with the setting of L1D_first_sub_mimo to 1, as shown on the last
line of the table.

Table 9.8 Use Cases and Indications Related to MIMO: Signaling Format for
L1B_first_sub_mimo_mixed in Conjunction with L1B_first_sub_mimo

. . Related L1-Basic Signaling Assignment
MIMO Configurations L1B_first_sub_mimo L1B_first_sub_mimo_mixed
All PLPs in first subframe use SISO 0 0
PLPs of both types in first subframe 0 1
All PLPs in first subframe use MIMO 1 0
Invalid Combination 1 1

Note: In cases of all-SISO and all-MIMO PLPs within the first subframe, any of the available
multiplexing types (i.e., TDM, FDM, LDM, and combinations thereof) can be applied. In cases in
which MIMO is to be applied differently to the PLPs on the respective layers (i.e., Core and
Enhanced) within a subframe, LDM multiplexing is required to be applied to the subframe
(potentially along with TDM, FDM, and combinations thereof on either or both of the layers).
L1B_first_sub_miso — This field shall indicate the MISO (see Section 8.2) option used for the first

Subframe of the current Frame as given in Table 9.11.

L1B_first_sub_fft_size — This field shall indicate the FFT size associated with the first Subframe of
the current Frame as given in Table 9.12. Note that the FFT size of a Frame's Preamble and the
FFT size of the same Frame's first Subframe are the same, as specified in Section 7.2.2.1.

L1B_first_sub_reduced_carriers — This field shall indicate the number of control units of carriers by
which the maximum number of carriers for the FFT size used for the first Subframe of the
current Frame is reduced. This carrier reduction shall apply to all of the symbols of the first
Subframe of the current Frame (see Section 7.2.3 for details).

L1B_first_sub_guard_interval — This field shall indicate the guard interval length used for the OFDM
symbols of the first Subframe of the current Frame as given in Table 9.13. Guard interval
lengths (e.g. 192 samples for GI1 192) shall be as defined in Table 8.9. Note that the signaled
guard interval length for the first Subframe of a Frame is the same as the guard interval length
indicated for that same Frame's Preamble, as specified in Section 7.2.2.1.

L1B_first_sub_num_ofdm_symbols — This field shall be set equal to one less than the total number of
data payload OFDM symbols, including any Subframe boundary symbol(s), present within the
first Subframe of the current Frame. The number of data payload OFDM symbols in a
Subframe is greater than or equal to 4xDy where Dy is taken from the scattered pilot pattern
that is configured for the Subframe (see Section 7.2.4.2). OFDM symbols containing Preamble
signaling shall not be included within this count, although OFDM symbols containing
Preamble signaling may also carry portions of PLPs associated with the first Subframe of a
Frame if data cells are available on those OFDM symbols.

L1B_first_sub_scattered_pilot_pattern — This field shall indicate the scattered pilot pattern used for the
first Subframe of the current Frame as given in Table 9.14 for SISO, and as given in Table 9.15
for MIMO. SP pattern values (e.g. SP3 2, MIMO3 _2) shall be as defined in Table 8.2 (SISO)
and Table L.9.2 (MIMO).
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L1B_first_sub_scattered_pilot_boost — The value of this field combined with the scattered pilot pattern
shall represent the power of the scattered pilots (in dB) used for the first Subframe of the
current Frame. The exact power values (used to calculate the amplitude) shall be as defined in
Table 9.16. Equivalent but approximate amplitudes (after conversion from dB to linear) of the
scattered pilots are listed in Table 9.17. The values of 101, 110 and 111 shall be reserved for
future use.

L1B_first_sub_sbs_first — This field shall indicate whether or not the first symbol of the first
Subframe of the current Frame is a Subframe boundary symbol. L1B_first_sub_sbs_first=0 shall
indicate that the first symbol of the first Subframe of the current Frame is not a Subframe
boundary symbol. L1B_first_sub_sbs_first =1 shall indicate that the first symbol of the first
Subframe of the current Frame is a Subframe boundary symbol.

L1B_first_sub_sbs_last — This field shall indicate whether or not the last symbol of the first Subframe
of the current Frame is a Subframe boundary symbol. L1B_first_sub_sbs_last =0 shall indicate
that the last symbol of the first Subframe of the current Frame is not a Subframe boundary
symbol. L1B_first_sub_sbs_last =1 shall indicate that the last symbol of the first Subframe of the
current Frame is a Subframe boundary symbol.

9.2.4 L1-Basic Miscellaneous Parameters

The remaining miscellaneous parameters in L1-Basic are as follows.

L1B_reserved — This field shall contain reserved bits as required to pad L1-Basic out to the total
length. It is envisaged that any new signaling fields defined for a newer version of the L1-Basic
signaling structure would occupy a portion of these reserved bits to maintain backward-
compatibility for legacy receivers. Receivers are expected to ignore the contents of
L1B_reserved.

L1B_crc — This field shall contain the CRC value as computed according to Section 6.1.2.2 over
the contents of L1-Basic excluding the L1B_crc field.

9.3 Syntax and Semantics for L1-Detail Data

The syntax and field semantics of the L1-Detail signaling fields shall be as defined in Table 9.9
and the following subsections. The names of signaling fields in L1-Detail are always prefixed with
‘L1D_’.

In Table 9.9, there are a nested pair of ‘for’ loops, having outer and inner loops denoted as ‘i’
and °j°, which process the Subframes within a physical layer Frame and the PLPs within each
Subframe, respectively. This nested pair of ‘for’ loops appears twice in the table. The ordering of
the Subframes and the PLPs within each Subframe is given in full in the first appearances of the
‘1’ and ‘)’ “for’ loops in Table 9.9, and the same ordering of the Subframes and the PLPs within
them shall be applied in the second appearances of those loops in the table.?

2 The splitting of the ‘1’ and ‘j” “for’ loops into two sections each was necessitated by the evolution
of functions described in the table to enable simultaneous use of multiple signal processing
methods while maintaining backward compatibility. The first section ‘for’ loop is called the
‘L1D_version >= 1 loop’ and the second section ‘for’ loop is called the ‘L1D_version >= 2 loop’.
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Table 9.9 L1-Detail Signaling Fields and Syntax

Syntax

No. of Bits Format

L1_Detail_signaling() {
L1D_version
L1D_num_rf
for (L1D_rf_id=1 .. L1D_num_rf) {
L1D_bonded_bsid
reserved

if (L1B_time_info_flag !'= 00) {
L1D_time_sec
L1D_time_msec
if (L1B_time_info_flag != 01) {
L1D_time_usec
if (L1B_time_info_flag !'= 10) {
L1D_time_nsec

}
}
}
for (i=0 .. L1B_num_subframes) {
if (i >0) {
L1D_mimo
L1D_miso
L1D_fft_size

L1D_reduced_carriers
L1D_guard_interval
L1D_num_ofdm_symbols
L1D_scattered_pilot_pattern
L1D_scattered_pilot_boost
L1D_sbs_first

L1D_sbs_last

if (L1B_num_subframes>0) {
L1D_subframe_multiplex

}

L1D_frequency_interleaver

L1D_sbs_null_cells

}
L1D_num_plp

for (j=0 .. L1D_num_plp) {
L1D_plp_id
L1D_plp_lis_flag
L1D_plp_layer
L1D_plp_start

if (((i=0)&&(L1B_first_sub_sbs_first || L1B_first_sub_sbs_last)) ||
((i>0)&&(L1D_sbs_first | L1D_sbs_last))) {

32
10

10

10

A DW= A WNN

13

—_

24

uimsbf
uimsbf

uimsbf
bslbf

uimsbf
uimsbf

uimsbf

uimsbf

uimsbf
uimsbf
uimsbf
uimsbf
uimsbf
uimsbf
uimsbf
uimsbf
uimsbf
uimsbf

uimsbf

uimsbf

uimsbf

uimsbf

uimsbf
uimsbf
uimsbf
uimsbf
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L1D_plp_size 24 uimsbf
L1D_plp_scrambler_type 2 uimsbf
L1D_plp_fec_type 4 uimsbf
if (L1D_plp_fec_type<{0,1,2,3,4,5}) {

L1D_plp_mod 4 uimsbf
L1D_plp_cod 4 uimsbf
}
L1D_plp_TI_mode 2 uimsbf
if (L1D_plp_TI_mode=00) {
L1D_plp_fec_block_start 15 uimsbf
} else if (L1D_plp_TI_mode=01) {
L1D_plp_CTI_fec_block_start 22 uimsbf
1
if (L1D_num_rf>0) {
L1D_plp_num_channel_bonded 3 uimsbf
if (L1D_plp_num_channel_bonded>0) {
L1D_plp_channel_bonding_format 2 uimsbf
for (k=0..L1D_plp_num_channel_bonded){
L1D_plp_bonded_rf_id 3 uimsbf
}
}
1
if (i=0 && L1B_first_sub_mimo=1) || (i >0 && L1D_mimo=1) {
L1D_plp_mimo_stream_combining 1 uimsbf
L1D_plp_mimo_lQ_interleaving 1 uimsbf
L1D_plp_mimo_PH 1 uimsbf
1
if (L1D_plp_layer=0) {
L1D_plp_type 1 uimsbf
if (L1D_plp_type=1) {
L1D_plp_num_subslices 14 uimsbf
L1D_plp_subslice_interval 24 uimsbf
1
if ((L1D_plp_TI_mode=01) ||
(L1D_plp_TI_mode=10))&&(L1D_plp_mod=0000)) {
L1D_plp_TI_extended_interleaving 1 uimsbf
1
if (L1D_plp_TI_mode=01) {
L1D_plp_CTI_depth 3 uimsbf
L1D_plp_CTI_start_row 11 uimsbf
}else if (L1D_plp_TI_mode=10) {
L1D_plp_HTL inter_subframe 1 uimsbf
L1D_plp_HTI_num_ti_blocks 4 uimsbf
L1D_plp_HTI_num_fec_blocks_max 12 uimsbf
if (L1D_plp_HTI_inter_subframe=0) {
L1D_plp_HTI_num_fec_blocks 12 uimsbf
lelse {
for (k=0..L1D_plp_HTI_num_ti_blocks) {
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L1D_plp_HTI_num_fec_blocks 12 uimsbf
}
}
L1D_plp_HTI_cell_interleaver 1 uimsbf
}
lelse {
L1D_plp_ldm_injection_level 5 uimsbf
}
}
}
L1D_bsid 16 uimsbf
for (i=0 .. L1B_num_subframes) {
if (i>0){
L1D_mimo_mixed 1 uimsbf
if (i = 0 && L1B_first_sub_mimo_mixed = 1) || (i >0 && L1D_mimo_mixed = 1) {
for j=0.. L1D_num_plp) {
L1D_plp_mimo 1 uimsbf
If (L1D_plp_mimo = 1) {
L1D_plp_mimo_stream_combining 1 uimsbf
L1D_plp_mimo_lQ_interleaving 1 uimsbf
L1D_plp_mimo_PH 1 uimsbf
}
}
}
}
L1D_reserved as needed |uimsbf
L1D_crc 32 uimsbf
}

9.3.1  L1-Detail Miscellaneous Parameters

The following miscellaneous parameters are included in L1-Detail.

L1D_version — This field shall indicate the version of the L1-Detail signaling structure that is used
for the current Frame. For the current version of the specification L1D_version shall be set to 2.
It is envisaged that when new L1-Detail signaling fields are introduced into an updated L1-
Detail signaling structure in such a manner that the presence or absence of at least one of those
new L1-Detail signaling fields cannot be otherwise deduced, L1D_version would be incremented
by 1. New L1-Detail signaling fields that are introduced into an L1-Detail signaling structure
corresponding to a particular L1D_version are added in such a manner that they do not interfere
with the parsing of L1-Detail signaling fields by receivers that have been provisioned only up
to an earlier L1D_version. New L1-Detail signaling fields can be added immediately before
L1D_reserved such that these new L1-Detail signaling fields immediately follow all of the
previously existing L1-Detail signaling fields with the exception of L1D_reserved and L1D_cre.
With this approach, a parser built to a previous version of this standard would consider any
new LI1-Detail signaling fields to be part of L1D_reserved. The length of L1D_reserved for a
particular Frame is calculated by subtracting the aggregate lengths of all known and included
L1-Detail signaling fields from L1B_L1_Detail_size_bytes, and thus a parser built to a previous
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version of this standard would be able to parse the known portions of L1-Detail successfully
without requiring knowledge of the structure or contents of any new fields added to what that
parser would perceive as L1D_reserved.

L1D_time_sec — This field is the seconds portion of the precise TAI time® at which the first sample
of the first symbol of the most recent bootstrap was transmitted, shown as the Time Information
Position in Figure 9.1. L1D_time_sec shall contain the 32 least significant bits of the number of
seconds elapsed between the PTP epoch (see IEEE 1588 [5], Section 7.2.2) and the precise
time at which the first sample of the first symbol of the most recent bootstrap was transmitted.
The time value shall be transmitted at least once in every 5 second interval.

Time Information Time Information

Position (L1D_time_sec, L1D_time_msec,
' / L1D_time_usec, L1D_time_nsec)
Boot ‘Z Boot
Payload o0 Preamble Payload o0 Preamble
strap strap

Figure 9.1 Illustration of the Time Information Position and the time information
being transmitted in the Preamble.

L1D_time_msec — This field shall indicate the milliseconds component of the time information
specified under L1D_time_sec. For example, if the portion of the time information less than one
second is 0.123456789 this field shall be 123.

L1D_time_usec — This field shall indicate the microseconds component of the time information
specified under L1D_time_sec. For example, if the portion of the time information less than one
second is 0.123456789 this field shall be 456.

L1D_time_nsec — This field shall indicate the nanoseconds component of the time information
specified under L1D_time_sec. For example, if the portion of the time information less than one
second is 0.123456789 this field shall be 789.

L1D_reserved — This field shall contain reserved bits as needed to pad L1-Detail out to the total bit
length indicated by L1B_L1_Detail_size_bytes. It is expected that one primary use of L1D_reserved
on the transmitter side will be to ensure byte alignment of the total length of L1-Detail by
including from 0 to 7 padding bits as required. Future versions of the L1-Detail signaling
structure may add new signaling fields, which would be seen as part of the L1D_reserved ficld
by legacy receivers. Receivers are therefore expected not to make any assumptions about the
expected contents and/or length of L1D_reserved.

L1D_crc — This field shall contain the CRC value as computed in Section 6.1.2.2 over the contents
of L1-Detail excluding the L1D_crc field.

9.3.2 L1-Detail Channel Bonding Parameters (Frame)

The following L1-Detail signaling fields are related to channel bonding.

L1D_num_rf — This field shall indicate the number of frequencies involved in channel bonding, not
including the frequency of the present channel. For the current version of the specification

3> A monotonically increasing seconds count, without adjustment for leap seconds, maintained by
the International Bureau of Weights and Measures (BIPM).
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L1D_num_rf shall have a maximum value of 1 (i.e. bonding of the current channel with one other
channel). L1D_num_rf=0 shall indicate that channel bonding is not used for the current Frame.

L1D_rf_id — This implicitly defined field shall specify the IDs of the other RF channels involved in
channel bonding. The current RF channel shall be assigned an implicit L1D_rf_id of 0. The first
RF channel in the list shall be assigned an implicit L1D_rf_id of 1, and so on. For the current
version of the specification L1D_rf _id, if defined, shall have a maximum value of 1.

L1D_bonded_bsid — This field shall indicate the BSID of a separate RF channel that is channel
bonded with the current RF channel, and that is associated with the implicit ID of L1D_rf_id.
The BSID of the current channel is L1D_bsid.

L1D_bsid — This field shall indicate the BSID of the current channel. The value of L1D_bsid shall be
unique on a regional level (for example, North America). An administrative or regulatory
authority may play a role in assuring the uniqueness of this value. This field was defined
starting with L1D_version = 1.

9.3.3 L1-Detail Subframe Parameters

L1-Detail parameters related to Subframe configuration are as follows.

L1D_mimo — This field shall indicate whether MIMO (see Annex L and Annex O is used for all
PLPs in the current Subframe. A value of 1 shall indicate that MIMO processing is applied to
all PLPs in the current Subframe. A value of 0 shall indicate that the Subframe includes one or
more PLPs to which MIMO processing is not applied. See Table 9.10, and note that the setting
of'this field to 1 is mutually exclusive with the setting of L1D_mimo_mixed to 1, as shown on the
last line of the table.

L1D_mimo_mixed — This field shall indicate whether the current Subframe multiplexes PLPs using
MIMO with other PLPs not using MIMO. A value of 1 shall indicate that PLPs using and not
using MIMO are multiplexed within the Subframe, and a value of 0 shall indicate that all PLPs
in the Subframe either use MIMO (i.e., L1D_mimo =1) or do not use MIMO (i.e., L1D_mimo =0).
When LDM is applied to a Subframe (i.e., when PLPs having L1D_plp_layer values >0 are

present in the Subframe), the values of L1D_mimo_mixed indicate the following: When set to 1,

MIMO processing shall be applied to all Enhanced PLPs (i.e., L1D_plp_layer >0) in the described

Subframe, and MIMO processing shall not be applied to all Core PLPs (i.e., L1D_plp_layer =0) in

the described Subframe. See Table 9.10, and note that the setting of this field to 1 is mutually

exclusive with the setting of L1D_mimo to 1, as shown on the last line of the table.

Table 9.10 Use Cases and Indications Related to MIMO: Signaling Format for
L1D_mimo_mixed in Conjunction with L1D_mimo

" . Related L1-Detail Signaling Assignment
MIMO Configurations L1D_mimo L1D_mimo_mixed
All PLPs in Subframe use SISO 0 0
PLPs of both types in Subframe 0 1
All PLPs in Subframe use MIMO 1 0
Invalid Combination 1 1

Note: In cases of all-SISO and all-MIMO PLPs within a Subframe, any of the available
multiplexing types (i.e., TDM, FDM, LDM, and combinations thereof) can be applied. In cases in
which MIMO is to be applied differently to the PLPs on the respective layers (i.e., Core and
Enhanced) within a Subframe, LDM multiplexing is required to be applied to the Subframe
(potentially along with TDM, FDM, and combinations thereof on either or both of the layers).
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L1D_miso — This field shall indicate the MISO (see Section 8.2) option used for the current
Subframe as given in Table 9.11.

Table 9.11 Signaling Format for L1D_miso and L1B_first_sub_miso

Value MISO option

00 No MISO

01 MISO with 64 coefficients
10 MISO with 256 coefficients
11 Reserved

L1D_fft_size — This field shall indicate the FFT size associated with the current Subframe as given
in Table 9.12.

Table 9.12 Signaling Format for L1D_fft_size and L1B_first_sub_fft_size

Value FFT Size
00 8K

01 16K

10 32K

11 Reserved

L1D_reduced_carriers — This field shall indicate the number of control units of carriers by which the
maximum number of carriers for the FFT size used for the current Subframe of the current
Frame is reduced. This carrier reduction shall apply to all of the symbols of the current
Subframe of the current Frame (see Section 7.2.3 for details). The values of 5, 6, and 7 for
L1D_reduced_carriers shall be reserved.

L1D_guard_interval — This field shall indicate the guard interval length used for the OFDM symbols

of the current Subframe as given in Table 9.13. Guard interval values from Table 9.13 (e.g.
GI1_192) shall be as defined in Table 8.9.

Table 9.13 Signaling Format for L1D_guard_interval and L1B_first_sub_guard_interval

Value Guard Interval Value Guard Interval
0000 Reserved 1000 GI8_2432
0001 GI1_192 1001 GI9_3072
0010 Gl2_384 1010 GI10_3648
0011 GI3_512 1011 Gl11_4096
0100 Gl4_768 1100 Gl12_4864
0101 Gl5_1024 1101 Reserved
0110 Gl6_1536 1110 Reserved
0111 GI7_2048 1111 Reserved

L1D_num_ofdm_symbols — This field shall be set equal to one less than the total number of data
payload OFDM symbols, including any Subframe-boundary symbol(s), present within the
current Subframe. The number of data payload OFDM symbols in a Subframe is greater than
or equal to 4xDy where Dy is taken from the scattered pilot pattern that is configured for the
Subframe (see Section 7.2.4.2). OFDM symbols containing Preamble signaling shall not be
included within this count.
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L1D_scattered_pilot_pattern — This field shall indicate the scattered pilot pattern used for the current
Subframe as given in Table 9.14 for SISO, and as given in Table 9.15 for MIMO. SP pattern
values (e.g. SP3 2, MP3 2) shall be as defined in Table 8.2 (SISO) and Table L.9.2 (MIMO).
Note that MP24 2, MP24 4, MP32 2, and MP32 4 are invalid pilot patterns when Walsh-
Hadamard pilot encoding is configured with MIMO operation (see Section L.9.2).

Table 9.14 Signaling Format for L1D_scattered_pilot_pattern and
L1B_first_sub_scattered_pilot_pattern for SISO

Value SP pattern Value SP pattern Value SP pattern
00000 SP3_2 01000 SP12_2 10000 Reserved
00001 SP3_4 01001 SP12_4

00010 SP4_2 01010 SP16_2

00011 SP4 4 01011 SP16_4

00100 SP6_2 01100 SP24 2

00101 SP6_4 01101 SP24 4

00110 SP8 2 01110 SP32_2

00111 SP8 4 01111 SP32_4 11111 Reserved

Table 9.15 Signaling Format for L1D_scattered_pilot_pattern and
L1B_first_sub_scattered_pilot_pattern for MIMO

Value SP pattern Value SP pattern Value SP pattern
00000 MP3_2 01000 MP12_2 10000 Reserved
00001 MP3_4 01001 MP12_4

00010 MP4_2 01010 MP16_2

00011 MP4_4 01011 MP16_4

00100 MP6_2 01100 MP24_2

00101 MP6_4 01101 MP24_4

00110 MP8_2 01110 MP32_2

00111 MP8_4 01111 MP32_4 11111 Reserved

L1D_scattered_pilot_boost — The value of this field combined with the scattered pilot pattern shall
represent the power of the scattered pilots (in dB) used for the current Subframe. The exact
power values (used to calculate the amplitude) shall be as defined in Table 9.16. Equivalent
but approximate amplitudes (after conversion from dB to linear) of the scattered pilots are
listed in Table 9.17. The values of 101, 110 and 111 shall be reserved for future use (RFU).

Table 9.16 Signaling Format for L1D_scattered_pilot_boost (power in dB)

Pilot Pattern L1D_scattered_pilot_boost

(SISO / MIMO) 000 001 010 011 100 101 110 111
SP3_2/MP3_2 0.00 [0.00 [140 [220 [2.90 |RFU |RFU |RFU
SP3 4/MP3_4 0.00 (140 |2.90 |3.80 |4.40 |RFU |RFU |RFU
SP4 2 /MP4_2 0.00 /060 [2.10 |3.00 [360 |RFU |RFU |RFU
SP4_4/MP4_4 0.00 |2.10 [3.60 |440 |5.10 |RFU |RFU |RFU
SP6_2/MP6_2 0.00 [1.60 [3.10 |4.00 |4.60 |RFU |RFU |RFU
SP6_4 / MP6_4 0.00 [3.00 450 |540 |6.00 |RFU |RFU |RFU
SP8_2/MP8_2 0.00 /220 [3.80 |460 |530 |RFU |RFU |RFU
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SP8_4 /MP8_4 0.00 |3.60 |5.10 [6.00 |6.60 |RFU |RFU |RFU
SP12_2/MP12_2 0.00 |3.20 (4.70 |5.60 |6.20 |RFU |RFU |RFU
SP12_4 /MP12_4 0.00 |4.50 ([6.00 |6.90 |7.50 |RFU |RFU |RFU
SP16_2 / MP16_2 0.00 |3.80 |5.30 |6.20 [6.80 |RFU |RFU |RFU
SP16_4 / MP16_4 0.00 |5.20 |6.70 |7.60 |[8.20 |RFU |RFU |RFU
SP24_2/MP24_2 0.00 |4.70 |[6.20 |7.10 |7.70 |RFU |RFU |RFU
SP24_4 / MP24_4 0.00 |6.10 |(7.60 |8.50 [9.10 |RFU |RFU |RFU
SP32_2/MP32_2 0.00 |540 |6.90 |7.70 (840 |RFU |RFU |RFU
SP32_4 /MP32_4 0.00 |6.70 |8.20 |9.10 |[9.70 |RFU |RFU |RFU

Table 9.17 Equivalent Signaling Format for L1D_scattered_pilot_boost (amplitude)

Pilot Pattern L1D_scattered_pilot_boost

(SISO / MIMO) 000 001 010 011 100 101 10 111
SP3_2/MP3_2 1.000 1.000 1.175 1.288 1.396 RFU RFU RFU
SP3_4/MP3_4 1.000 1.175 1.396 1.549 1.660 RFU RFU RFU
SP4 2 /MP4_2 1.000 1.072 1.274 1.413 1.514 RFU RFU RFU
SP4 4/ MP4_4 1.000 1.274 1.514 1.660 1.799 RFU RFU RFU
SP6_2/MP6_2 1.000 1.202 1.429 1.585 1.698 RFU RFU RFU
SP6_4 / MP6_4 1.000 1.413 1.679 1.862 1.995 RFU RFU RFU
SP8 2/MP8_2 1.000 1.288 1.549 1.698 1.841 RFU RFU RFU
SP8 4 /MP8 4 1.000 1.514 1.799 1.995 2.138 RFU RFU RFU
SP12_2/MP12_2 1.000 1.445 1.718 1.905 2.042 RFU RFU RFU
SP12_4 /MP12_4 1.000 1.679 1.995 2.213 2.371 RFU RFU RFU
SP16_2/MP16_2 1.000 1.549 1.841 2.042 2.188 RFU RFU RFU
SP16_4 / MP16_4 1.000 1.820 2.163 2.399 2.570 RFU RFU RFU
SP24_ 2/ MP24_2 1.000 1.718 2.042 2.265 2.427 RFU RFU RFU
SP24_4 /| MP24_4 1.000 2.018 2.399 2.661 2.851 RFU RFU RFU
SP32_2/MP32_2 1.000 1.862 2.213 2.427 2.630 RFU RFU RFU
SP32_4 /MP32_4 1.000 2.163 2.570 2.851 3.055 RFU RFU RFU

L1D_sbs_first — This flag shall indicate whether or not the first symbol of the current Subframe is a
Subframe boundary symbol. L1D_sbs_first=0 shall indicate that the first symbol of the Subframe
is not a Subframe boundary symbol. L1D_sbs_first=1 shall indicate that the first symbol of the
Subframe is a Subframe boundary symbol.

L1D_sbs_last — This flag shall indicate whether or not the last symbol of the current Subframe is a
Subframe boundary symbol. L1D_sbs_last=0 shall indicate that the last symbol of the Subframe
is not a Subframe boundary symbol. L1D_sbs_last=1 shall indicate that the last symbol of the
Subframe is a Subframe boundary symbol.

L1D_subframe_multiplex — This field shall indicate whether the current Subframe is time-division
multiplexed / concatenated in time (L1D_subframe_multiplex=0) with adjacent Subframes.
L1D_subframe_multiplex=1 shall be reserved for future use.

L1D_frequency_interleaver — This flag shall indicate whether the frequency interleaver is enabled or
bypassed for the current Subframe. L1D_frequency_interleaver=1 shall indicate that the frequency
interleaver is enabled, L1D_frequency_interleaver=0 shall indicate that the frequency interleaver
is bypassed and not used.
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L1D_sbs_null_cells — This field shall indicate the number of null cells in the Subframe boundary
symbol(s) of the current Subframe. When there are no Subframe boundary symbols in the
current Subframe, this field shall not be transmitted.

9.3.4 L1-Detail PLP Parameters

The following L1-Detail signaling fields are related to PLP characteristics.

L1D_num_plp — This field shall be set to 1 less than the total number of PLPs used within the current
Subframe.

L1D_plp_id — This field shall be set equal to the ID of the current PLP, with a range from 0 to 63,
inclusive. This field shall identify a PLP uniquely within each RF channel. For channel-bonded
systems, the combination of L1D_rf_id and this field can be used to create a unique identifier for
each PLP within the bonded system.

L1D_plp_lis_flag — This field shall indicate whether the current PLP carries LLS information.
L1D_plp_lis_flag=0 shall indicate that the current PLP does not carry LLS information (in any
Frame), while L1D_plp_lis_flag=1 shall indicate that the current PLP does carry LLS information
(although not necessarily in the current Frame or Subframe). The purpose of this flag is to
allow receivers to quickly locate upper layer signaling information. Receivers can use
L1B_lIs_flag to determine whether or not at least one PLP in the current Frame actually contains
LLS information in the current Frame. Note, however, that certain broadcast configurations
can result in multiple PLPs carrying LLS information within a single RF channel, and hence
L1B_lis_flag being set does not necessarily indicate that the LLS-bearing PLP of interest to a
particular receiver contains LLS information in the current Frame.

L1D_plp_size — This field shall be set equal to the number of data cells allocated to the current PLP
within the current Subframe. L1D_plp_size shall be greater than zero.

L1D_plp_scrambler_type — This field shall indicate the choice of scrambler type for the PLP as given
in Table 9.18.

Table 9.18 Signaling Format for L1D_plp_scrambler_type

Value Description

00 Scrambler defined in Section 5.2.3
01 Reserved for future use

10 Reserved for future use

11 Reserved for future use

L1D_plp_fec_type — This field shall indicate the Forward Error Correction (FEC) method used for
encoding the current PLP. The correspondence between a signaled value of L1D_plp_fec_type
and a particular FEC method shall be as given in Table 9.19. Here, 16K LDPC refers to the
LDPC FEC coding that generates a set of 16200 coded bits per code block, and 64K LDPC
refers to the LDPC FEC coding that generates a set of 64800 coded bits per code block.
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Table 9.19 Signaling Format for L1D_plp_fec_type

Value Forward Error Correction Method
0000 BCH + 16K LDPC

0001 BCH + 64K LDPC

0010 CRC + 16K LDPC

0011 CRC + 64K LDPC

0100 16K LDPC only

0101 64K LDPC only

0110 - 1111 |Reserved for future use

L1D_plp_mod — This field shall indicate the modulation used for the current PLP as given in Table
9.20 for SISO, and as given in Table 9.21 for MIMO. Modulations of 1024QAM-NUC and
4096QAM-NUC shall only be indicated when L1D_plp_fec_type for the same PLP indicates a
64K LDPC.

Table 9.20 Signaling Format for L1D_plp_mod for SISO

Value Modulation
0000 QPSK

0001 16QAM-NUC
0010 64QAM-NUC
0011 256QAM-NUC
0100 1024QAM-NUC
0101 4096QAM-NUC
0110-1111 Reserved

Table 9.21 Signaling Format for L1D_plp_mod for MIMO

Value Bits per Cell Unit MIMO Modulation
Tx1 |QPSK
4
0000 Tx2 |QPSK
Tx1 |16QAM-NUC
0001 8
Tx2 |16QAM-NUC
Tx1 -
0010 12 x1 |64QAM-NUC
Tx2 |64QAM-NUC
Tx1 |256QAM-NUC
0011 16
Tx2 |256QAM-NUC
Tx1 |1024QAM-NUC
1 2
0100 0 Tx2 |1024QAM-NUC
Tx1 |4096QAM-NUC
0101 24 X Q
Tx2 |4096QAM-NUC
0110 to 1111 Reserved Reserved

L1D_plp_cod — This field shall indicate the code rate used for the current PLP as shown in Table
9.22.
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Table 9.22 Signaling Format for L1D_plp_cod

Value Code Rate
0000 2/15
0001 3/15
0010 4/15
0011 5/15
0100 6/15
0101 7115
0110 8/15
0111 9/15
1000 10/15
1001 11/15
1010 12/15
1011 13/15
1100-1111 Reserved

L1D_plp_TI_mode — This field shall indicate the time interleaving mode for the PLP as given in Table
9.23.

Table 9.23 Signaling Format for L1D_plp_TI_mode

Value Time interleaving mode

00 No time interleaving mode (neither CTI nor HTI)
01 Convolutional time interleaving (CTl) mode

10 Hybrid time interleaving (HTI) mode

11 Reserved for future use

L1D_plp_fec_block_start — This field shall indicate the start position of the first complete FEC Block
that begins within the current PLP during the current Subframe. L1D_plp_fec_block_start for a
PLP shall indicate the relative position, within and relative to the start of that PLP’s data cells
for the current Subframe, of the first cell of the first complete FEC Block of the PLP beginning
within the current Subframe. L1D_plp_fec_block_start shall be determined prior to cell
multiplexing. When no FEC Block begins within the current PLP during the current Subframe,
L1D_plp_fec_block_start shall be set to its maximum possible value (i.e. all bits of
L1D_plp_fec_block_start shall be set to 1s). When LDM is used, L1D_plp_fec_block_start shall be
signaled for both Core and Enhanced PLPs since the start positions of the first complete FEC
Block of Core and Enhanced PLPs that have been layered division multiplexed together, in
general, are different. L1D_plp_fec_block_start shall be signalled only when L1D_plp_TI_mode=00
(i.e. when no time interleaving mode is configured).

9.3.5 L1-Detail LDM Parameters

The following L1-Detail signaling fields are related to Layered Division Multiplexing (LDM).

L1D_plp_layer — This field shall be set equal to the layer index of the current PLP. L1D_plp_layer=0
shall correspond to the Core Layer, while L1D_plp_layer>0 shall correspond to an Enhanced
Layer. For the current version of the specification, L1D_plp_layer shall be set only to values of
0 or 1. Presence in a Subframe of any PLP having L1D_pip_layer >0 shall indicate that the

Subframe is to be configured for operation with LDM applied; Subframes having no PLPs
present with L1D_plp_layer >0 shall be configured for operation with LDM not applied. These
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conditions with respect to the value of the L1D_plp_layer ficld are the sole indicator of LDM
operation in the related Subframe.

L1D_plp_Ildm_injection_level — This field shall indicate the Enhanced PLP’s injection level relative to
the Core PLP. The correspondence between a signaled value of L1D_plp_ldm_injection_level and
a particular injection level shall be as given in Table 9.24. Injection levels are defined in Table
6.15. This field shall be included only when the index of the current layer is greater than 0O (i.e.,
when L1D_plp_layer >0). When LDM and MIMO are used simultaneously, the value of the
injection level may take on a different meaning with respect to the two Polarization cases. The
definitions for this scenario are provided in Section O.6.

Table 9.24 Signaling Format for L1D_plp_ldm_injection_level

Value Injection level [dB] Value Injection level [dB]
00000 (0.0 10000 (11.0
00001 (0.5 10001 |12.0
00010 (1.0 10010 |13.0
00011 (1.5 10011 |14.0
00100 (2.0 10100 |15.0
00101 (2.5 10101 |16.0
00110 (3.0 10110 |17.0
00111 (3.5 10111 |18.0
01000 (4.0 11000 |19.0
01001 (4.5 11001 |20.0
01010 (5.0 11010 |21.0
01011 (6.0 11011 |22.0
01100 (7.0 11100 |23.0
01101 (8.0 11101 |24.0
01110 (9.0 11110 |25.0
01111 [10.0 11111 |Reserved

9.3.6  L1-Detail Channel Bonding Parameters (PLP)

The following L1-Detail signaling fields are related to channel bonding on a PLP basis. These

signaling fields shall not be included when L1D_num_rf=0.

L1D_plp_num_channel_bonded — This field shall indicate the number of frequencies, not including
the frequency of the present channel, involved in channel bonding of the current PLP.
L1D_plp_num_channel_bonded shall have a maximum value of L1D_num_rf. When the current PLP
is not channel bonded this shall be indicated by L1D_plp_num_channel_bonded=0. For the current
version of the specification L1D_plp_num_channel_bonded shall have a maximum value of 1 (i.e.
bonding with one other channel).

L1D_plp_bonded_rf_id — This field shall indicate the RF ids (L1D_rf_id values, which are not signaled
parameters) of the channels that are used for channel bonding with the current PLP. It shall
only be included when L1D_plp_num_channel_bonded > 0.

L1D_plp_channel_bonding_format — This field shall indicate the channel bonding format for the
current PLP according to Table 9.25. When a PLP is bonded between multiple RF channels,
the same bonding format shall be used for that PLP in each of those RF channels.
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Table 9.25 Signaling Format for L1D_plp_channel_bonding_format

Value Meaning

00 Plain channel bonding

01 SNR averaged channel bonding
10 Reserved for future use

11 Reserved for future use

9.3.7 L1-Detail MIMO Parameters (PLP)

The following L1-Detail signaling fields are related to MIMO on a PLP-by-PLP basis.

L1D_plp_mimo — This field shall indicate whether MIMO (see Annex L and Annex O) is used for a
given PLP when the current Subframe contains PLPs both using and not using MIMO. This
field shall be signaled when L1B_first_sub_mimo_mixed or L1D_mimo_mixed (as appropriate for
the current Subframe) has a value of 1. A value of 1 shall indicate that MIMO is used, and a
value of 0 shall indicate that MIMO is not used. When LDM is applied to the Subframe
identified by L1B_first_sub_mimo_mixed =1 or L1D_mimo_mixed =1, only Enhanced PLP(s) shall
use MIMO.

L1D_plp_mimo_stream_combining — This flag shall indicate whether the stream combining option of
MIMO precoding is used in the given PLP, as described in Section L.5.1. A value of 1 shall
indicate that stream combining is used, and a value of 0 shall indicate that the stream combining
option is not used.

L1D_plp_mimo_lQ_interleaving — This flag shall indicate whether the 1Q polarization interleaving
option of MIMO precoding is used in the given PLP, as described in Section L.5.2. A value of
1 shall indicate that 1Q polarization interleaving is used, and a value of 0 shall indicate that the
IQ polarization interleaving option is not used.

L1D_plp_mimo_PH — This flag shall indicate whether the phase hopping option of MIMO precoding
is used in the given PLP, as described in Section L.5.3. A value of 1 shall indicate that phase
hopping is used, and a value of 0 shall indicate that the phase hopping option is not used.

9.3.8 L1-Detail Cell Multiplexing Parameters

The following L1-Detail signaling fields are related to cell multiplexing.

L1D_plp_start — This field shall be set equal to the index of the data cell that holds the first data cell
of the current PLP in the current Subframe.

L1D_plp_type — This flag shall be set to L1D_plp_type=0 when the current PLP is non-dispersed (i.e.
all data cells of the current PLP have contiguous logical addresses and subslicing is not used
for the current PLP) or to L1D_plp_type=1 when the current PLP is dispersed (i.e. not all data
cells of the current PLP have contiguous logical addresses and subslicing is used for the current
PLP). L1D_plp_type shall only be present when L1D_plp_layer=0 (i.e. only Core PLPs have a PLP
type associated with them).

L1D_plp_num_subslices — This field shall only be included when L1D_plp_type=1 and shall be set
equal to one less than the actual number of subslices used for the current PLP within the current
Subframe. L1D_plp_num_subslices=0 shall be a reserved value, since it is not possible for a
dispersed PLP to have only one subslice. The maximum allowable value for
L1D_plp_num_subslices shall be 16383, corresponding to 16384 actual subslices.
L1D_plp_num_subslices shall be set for each dispersed PLP.

L1D_plp_subslice_interval — This field shall only be included when L1D_plp_type=1 and shall be set
equal to the number of sequentially-indexed data cells measured from the beginning of a
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subslice for a PLP to the beginning of the next subslice for the same PLP. As an illustrative
example, if L1D_plp_start=100 and L1D_plp_subslice_interval=250, then the first data cell of the
first subslice of the current PLP would be located at index 100, and the first data cell of the
second subslice of the current PLP would be located at index 100+250=350.
L1D_plp_subslice_interval shall be set for each dispersed PLP.

9.3.9 L1-Detail Time Interleaver (Tl) Parameters

L1D_plp_TI_extended_interleaving — This flag shall indicate whether extended interleaving is used for
this PLP. A value of 1 shall indicate that extended interleaving is used. A value of 0 shall
indicate that extended interleaving is not used. A value of 1 shall not be selected when LDM
is used.

9.3.9.1 Convolutional Time Interleaver Mode Parameters

The following parameters shall indicate the configuration of the Convolutional Time Interleaver
in CTI mode.

L1D_plp_CTl_depth — This field shall indicate the number of rows used in the Convolutional Time
Interleaver. L1D_plp_CTI_depth shall be signaled according to Table 9.26.

Table 9.26 Signaling Format for L1D_plp_CTI_depth

Value Number of Rows

000 512

001 724

010 887 (non-extended interleaving) or 1254 (extended interleaving)
011 1024 (non-extended interleaving) or 1448 (extended interleaving)
100 Reserved for future use

101 Reserved for future use

110 Reserved for future use

111 Reserved for future use

L1D_plp_CTI_start_row — This field shall indicate the position of the commutator selector at the start
of the Subframe.

L1D_plp_CTI_fec_block_start — This field shall indicate the position, after the CTI, of the first cell of
the first complete FEC Block, before the CTI, for the current PLP in the current or a subsequent
Subframe. This position shall be specified relative to the first cell of the current PLP leaving
the CTI in the current Subframe, for which the commutator is at position L1D_plp_CTI_start_row.
L1D_plp_CTI_fec_block_start may exceed Subframe boundaries and thus may indicate a position
in the PLP data that belongs to a subsequent Subframe. L1D_plp_CTI_fec_block_start shall be
determined prior to cell multiplexing.

L1D_plp_CTI_fec_block_start can be determined as follows. Let C be the position of the first cell
of the first complete FEC Block before the CTI of the current PLP in the current or a subsequent
Subframe, where the indexing of C starts at 0, where 0 corresponds to the first cell, before the CTI,
of the current PLP. Note that C will also be equal to the number of cells that belong to the
immediately preceding FEC Block of the PLP and which have not yet been input to the CTI. Then
L1D_plp_CTI_fec_block_start = C + Nyows X ((L1D_plp_CTI_start_row + C) modulo Niows). Figure 9.2
shows graphically the calculation of L1D_plp_CTI_fec_block_start.
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@ Position of the first cell of the Cell
Start of the current subframe first complete FEC block = C @

T=0 T=C

[ C N [ C N [N ) o
time

T=0 (@ L1D_plp_CTI_fec_block_start

Commutator at position
L1D_plp_CTI_start_row

@ Position of the first cell of the first complete FEC block before the CTl in the current subframe

@ L1D_plp_CTI_fec_block_start is calculated after the CTI, relative to the position before the CTI as follows:
= L1D_plp_CTI_fec_block_start = C + N,oys X ((L1D_plp_CTI_start_row + C) modulo N,oys)

@ Position of the first cell of the second complete FEC block before the CTl in the current subframe

Figure 9.2 L1D_plp_CTI_fec_block_start graphical description.

When LDM is used, L1D_plp_CTI_fec_block_start shall be signaled separately for both Core PLPs
and Enhanced PLPs since the start positions of the first complete FEC Blocks of Core PLPs and
Enhanced PLPs that have been layered division multiplexed together are in general different.

9.3.9.2 Hybrid Time Interleaver (Mode) Parameters

The following parameters shall indicate the configuration of the Hybrid Time Interleaver which

shall be used when HTI mode is configured for the current PLP.

L1D_plp_HTl_inter_subframe — This field shall indicate the hybrid time interleaving mode.
L1D_plp_HTI_inter_subframe=0 shall indicate that inter-Subframe interleaving is not used (i.e.
only intra-Subframe interleaving is used). L1D_plp_HTI_inter_subframe=1 shall indicate that
inter-Subframe interleaving is used with one TI Block per interleaving frame spread over
multiple Subframes.

L1D_plp_HTI_num_ti_blocks — This field shall indicate either the number of TI Blocks per
interleaving frame, N7;, when L1D_plp_HTI_inter_subframe=0 or the number of Subframes, N,
over which cells from one TI Block are carried when L1D_plp_HTI_inter_subframe=1. The value
indicated by L1D_plp_HTI_num_ti_blocks shall be one less than the actual value of N7y or N to
permit a range from 1 to 16 to be signaled.

L1D_plp_HTI_num_fec_blocks_max — This field shall indicate one less than the maximum number of
FEC Blocks per interleaving frame for the current PLP.

L1D_plp_HTI_num_fec_blocks — This field shall indicate one less than the number of FEC Blocks
contained 1in the current interleaving frame for the current PLP. When
L1D_plp_HTI_inter_subframe=1 (i.e., when the HTT is configured for inter-Subframe interleaving),
L1D_plp_HTI_num_fec_blocks at index k=0 (in Table 9.9) indicates one less than the number of
FEC Blocks in the interleaving frame that begins in the current Subframe.

130



ATSC A/322:2026-04 Physical Layer Protocol 14 April 2026

L1D_plp_HTI_num_fec_blocks at index k=1 indicates one less than the number of FEC Blocks in
the interleaving frame that began in the previous Subframe that contained the current PLP, and
SO on.

L1D_plp_HTI_cell_interleaver — This flag shall indicate whether the Cell Interleaver is used. A value
of 1 shall indicate that the Cell Interleaver is used, and a value of 0 shall indicate that the Cell
Interleaver is not used.
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Annex A: LDPC Codes

A.1 LDPC CODE MATRICES (Nnner = 64800)

Table A.1.1 Rate = 2/15 (Niuner = 64800)

615 898 1029 6129 8908 10620 13378 14359 21964 23319 26427 26690 28128 33435 36080 40697 43525 44498 50994

165 1081 1637 2913 8944 9639 11391 17341 22000 23580 32309 38495 41239 44079 47395 47460 48282 51744 52782

426 1340 1493 2261 10903 13336 14755 15244 20543 29822 35283 38846 45368 46642 46934 48242 49000 49204 53370

407 1059 1366 2004 5985 9217 9321 13576 19659 20808 30009 31094 32445 39094 39357 40651 44358 48755 49732

692 950 1444 2967 3929 6951 10157 10326 11547 13562 19634 34484 38236 42918 44685 46172 49694 50535 55109

1087 1458 1574 2335 3248 6965 17856 23454 25182 37359 37718 37768 38061 38728 39437 40710 46298 50707 51572

1098 1540 1711 7723 9549 9986 16369 19567 21185 21319 25750 32222 32463 40342 41391 43869 48372 52149 54722

514 1283 1635 6602 11333 11443 17690 21036 22936 24525 25425 27103 28733 29551 39204 42525 49200 54899 54961

357 609 1096 2954 4240 5397 8425 13974 15252 20167 20362 21623 27190 42744 47819 49096 51995 55504 55719

25 448 1501 11572 13478 24338 29198 29840 31428 33088 34724 37698 37988 38297 40482 46953 47880 53751 54943

328 1096 1262 10802 12797 16053 18038 20433 20444 25422 32992 34344 38326 41435 46802 48766 49807 52966 55751

34 790 987 5082 5788 10778 12824 18217 23278 24737 28312 34464 36765 37999 39603 40797 43237 53089 55319

226 1149 1470 3483 8949 9312 9773 13271 17804 20025 20323 30623 38575 39887 40305 46986 47223 49998 52111

1088 1091 1757 2682 5526 5716 9665 10733 12997 14440 24665 27990 30203 33173 37423 38934 40494 45418 48393

809 1278 1580 3486 4529 6117 6212 6823 7861 9244 11559 20736 30333 32450 35528 42968 44485 47149 54913

369 525 1622 2261 6454 10483 11259 16461 17031 20221 22710 25137 26622 27904 30884 31858 44121 50690 56000

423 1291 1352 7883 26107 26157 26876 27071 31515 35340 35953 36608 37795 37842 38527 41720 46206 47998 53019

540 662 1433 2828 14410 22880 24263 24802 28242 28396 35928 37214 39748 43915 44905 46590 48684 48890 55926

214 1291 1622 7311 8985 20952 22752 23261 24896 25057 28826 37074 37707 38742 46026 51116 51521 52956 54213

109 1305 1676 2594 7447 8943 14806 16462 19730 23430 24542 34300 36432 37133 41199 43942 45860 47598 48401 49407
242 388 1360 6721 14220 21029 22536 25126 32251 33182 39192 42436 44144 45252 46238 47369 47607 47695 50635 51469
199 958 1111 13661 18809 19234 21459 25221 25837 28256 36919 39031 39107 39262 43572 45018 45959 48006 52387 55811
668 1087 1451 2945 3319 12519 21248 21344 22627 22701 28152 29670 31430 32655 38533 42233 43200 44013 44459 51398
244 1133 1665 8222 8740 11285 12774 15922 20147 20978 28927 35086 40197 40583 41066 41223 42104 44650 45391 48437
5623 8050 9679 12978 15846 16049 21807 23364 27226 27758 28661 38147 46337 48141 51364 51927 55124

10369 13704 14491 18632 19430 21218 33392 36182 36722 37342 37415 46322 47449 51136 53392 54356 55108

7460 9411 11132 11739 13722 15501 25588 26463 26738 31980 31981 35002 39659 39783 41581 51358 55114

8915 15253 15264 16513 16896 18367 19110 23492 32074 33302 42443 43797 44715 47538 48515 53464 53548

5884 8910 10123 11311 13654 14207 16122 18113 23100 23784 24825 39629 46372 52454 52799 55039 55973
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Table A.1.2 Rate = 3/15 (]Vinner = 64800)

920 963 1307 2648 6529 17455 18883 19848 19909 24149 24249 38395 41589 48032 50313
297 736 744 5951 8438 9881 15522 16462 23036 25071 34915 41193 42975 43412 49612

10 223 879 4662 6400 8691 14561 16626 17408 22810 31795 32580 43639 45223 47511

629 842 1666 3150 7596 9465 12327 18649 19052 19279 29743 30197 40106 48371 51155
857 953 1116 8725 8726 10508 17112 21007 30649 32113 36962 39254 46636 49599 50099
700 894 1128 5527 6216 15123 21510 24584 29026 31416 37158 38460 42511 46932 51832
430 592 1521 3018 10430 18090 18092 18388 20017 34383 35006 38255 41700 42158 45211
91 1485 1733 11624 12969 17531 21324 23657 27148 27509 28753 35093 43352 48104 51648
18 34 117 6739 8679 11018 12163 16733 24113 25906 30605 32700 36465 40799 43359

481 1545 1644 4216 4606 6015 6609 14659 16966 18056 19137 26670 28001 30668 49061
174 1208 1387 10580 11507 13751 16344 22735 23559 26492 27672 33399 44787 44842 45992
1151 1185 1472 6727 10701 14755 15688 17441 21281 23692 23994 31366 35854 37301 43148
200 799 1583 3451 5880 7604 8194 13428 16109 18584 20463 22373 31977 47073 50087

346 843 1352 13409 17376 18233 19119 19382 20578 24183 32052 32912 43204 48539 49893
76 457 1169 13516 14520 14638 22391 25294 31067 31325 36711 44072 44854 49274 51624
759 798 1420 6661 12101 12573 13796 15510 18384 26649 30875 36856 38994 43634 49281
551 797 1000 3999 10040 11246 15793 23298 23822 38480 39209 45334 46603 46625 47633
441 875 1554 5336 25948 28842 30329 31503 39203 39673 46250 47021 48555 49229 51421
963 1470 1642 3180 3943 6513 9125 15641 17083 18876 28499 32764 42420 43922 45762
293 324 867 8803 10582 17926 19830 22497 24848 30034 34659 37721 41523 42534 47806
687 975 1356 2721 3002 3874 4119 12336 17119 21251 22482 22833 24681 26225 48514

549 951 1268 9144 11710 12623 18949 19362 22769 32603 34559 34683 36338 47140 51069
52 890 1669 3905 5670 14712 18314 22297 30328 33389 35447 35512 35516 40587 41918
656 1063 1694 3338 3793 4513 6009 7441 13393 20920 26501 27576 29623 31261 42093

425 1018 1086 9226 10024 17552 24714 24877 25853 28918 30945 31205 33103 42564 47214
32 1145 1438 4916 4945 14830 17505 19919 24118 28506 30173 31754 34230 48608 50291
559 1216 1272 2856 8703 9371 9708 16180 19127 24337 26390 36649 41105 42988 44096
362 658 1191 7769 8998 14068 15921 18471 18780 31995 32798 32864 37293 39468 44308
1136 1389 1785 8800 12541 14723 15210 15859 26569 30127 31357 32898 38760 50523 51715
44 80 1368 2010 2228 6614 6767 9275 25237 30208 39537 42041 49906 50701 51199

1522 1536 1765 3914 5350 10869 12278 12886 16379 22743 23987 26306 30966 33854 41356
212 648 709 3443 7007 7545 12484 13358 17008 20433 25862 31945 39207 39752 40313

789 1062 1431 12280 17415 18098 23729 37278 38454 38763 41039 44600 50700 51139 51696
825 1298 1391 4882 12738 17569 19177 19896 27401 37041 39181 39199 41832 43636 45775
992 1053 1485 3806 16929 18596 22017 23435 23932 30211 30390 34469 37213 46220 49646
771 850 1039 5180 7653 13547 17980 23365 25318 34374 36115 38753 42993 49696 51031
7383 14780 15959 18921 22579 28612 32038 36727 40851 41947 42707 50480

8733 9464 13148 13899 19396 22933 23039 25047 29938 33588 33796 48930

2493 12555 16706 23905 35400 36330 37065 38866 40305 43807 43917 50621

6437 11927 14542 16617 17317 17755 18832 24772 29273 31136 36925 46663

2191 3431 6288 6430 9908 13069 23014 24822 29818 39914 46010 47246
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Table A.1.3 Rate = 4/15 (Ninner = 64800)

276 1754 1780 3597 8549 15196 26305 27003 33883 37189 41042 41849 42356
730 873 927 9310 9867 17594 21969 25106 25922 31167 35434 37742 45866
925 1202 1564 2575 2831 2951 5193 13096 18363 20592 33786 34090 40900
973 1045 1071 8545 8980 11983 18649 21323 22789 22843 26821 36720 37856
402 1038 1689 2466 2893 13474 15710 24137 29709 30451 35568 35966 46436
263 271 395 5089 5645 15488 16314 28778 29729 34350 34533 39608 45371
387 1059 1306 1955 6990 20001 24606 28167 33802 35181 38481 38688 45140
53 851 1750 3493 11415 18882 20244 23411 28715 30722 36487 38019 45416
810 1044 1772 3906 5832 16793 17333 17910 23946 29650 34190 40673 45828
97 491 948 12156 13788 24970 33774 37539 39750 39820 41195 46464 46820
192 899 1283 3732 7310 13637 13810 19005 24227 26772 31273 37665 44005
424 531 1300 4860 8983 10137 16323 16888 17933 22458 26917 27835 37931
130 279 731 3024 6378 18838 19746 21007 22825 23109 28644 32048 34667
938 1041 1482 9589 10065 11535 17477 25816 27966 35022 35025 42536

170 454 1312 5326 6765 23408 24090 26072 33037 38088 42985 46413

220 804 843 2921 4841 7760 8303 11259 21058 21276 34346 37604

676 713 832 11937 12006 12309 16329 26438 34214 37471 38179 42420

714 931 1580 6837 9824 11257 15556 26730 32053 34461 35889 45821

28 1097 1340 8767 9406 17253 29558 32857 37856 38593 41781 47101

158 722 754 14489 23851 28160 30371 30579 34963 44216 46462 47463

833 1326 1332 7032 9566 11011 21424 26827 29789 31699 32876 37498

251 504 1075 4470 7736 11242 20397 32719 34453 36571 40344 46341

330 581 868 15168 20265 26354 33624 35134 38609 44965 45209 46909

729 1643 1732 3946 4912 9615 19699 30993 33658 38712 39424 46799

546 982 1274 9264 11017 11868 15674 16277 19204 28606 39063 43331

73 1160 1196 4334 12560 13583 14703 18270 18719 19327 38985 46779

1147 1625 1759 3767 5912 11599 18561 19330 29619 33671 43346 44098

104 1507 1586 9387 17890 23532 27008 27861 30966 33579 35541 39801
1700 1746 1793 4941 7814 13746 20375 27441 30262 30392 35385 42848

183 555 1029 3090 5412 8148 19662 23312 23933 28179 29962 35514

891 908 1127 2827 4077 4376 4570 26923 27456 33699 43431 46071

404 1110 1782 6003 14452 19247 26998 30137 31404 31624 46621 47366

886 1627 1704 8193 8980 9648 10928 16267 19774 35111 38545 44735

268 380 1214 4797 5168 9109 9288 17992 21309 33210 36210 41429

572 1121 1165 6944 7114 20978 23540 25863 26190 26365 41521 44690

18 185 496 5885 6165 20468 23895 24745 31226 33680 37665 38587

289 527 1118 11275 12015 18088 22805 24679 28262 30160 34892 43212

658 926 1589 7634 16231 22193 25320 26057 26512 27498 29472 34219

337 801 1525 2023 3512 16031 26911 32719 35620 39035 43779 44316

248 534 670 6217 11430 24090 26509 28712 33073 33912 38048 39813

82 1556 1575 7879 7892 14714 22404 22773 25531 34170 38203 38254

247 313 1224 3694 14304 24033 26394 28101 37455 37859 38997 41344

790 887 1418 2811 3288 9049 9704 13303 14262 38149 40109 40477

1310 1384 1471 3716 8250 25371 26329 26997 30138 40842 41041 44921

86 288 367 1860 8713 18211 22628 22811 28342 28463 40415 45845

719 1438 1741 8258 10797 29270 29404 32096 34433 34616 36030 45597
2151182 1364 8146 9949 10498 18603 19304 19803 23685 43304 45121

1243 1496 1537 8484 8851 16589 17665 20152 24283 28993 34274 39795
6320 6785 15841 16309 20512 25804 27421 28941 43871 44647

2207 2713 4450 12217 16506 21188 23933 28789 38099 42392

14064 14307 14599 14866 17540 18881 21065 25823 30341 36963

14259 14396 17037 26769 29219 29319 31689 33013 35631 37319

7798 10495 12868 14298 17221 23344 31908 39809 41001 41965
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Table A.1.4 Rate =5/15 (]Vinner = 64800)

221 1011 1218 4299 7143 8728 11072 15533 17356 33909 36833
360 1210 1375 2313 3493 16822 21373 23588 23656 26267 34098
544 1347 1433 2457 9186 10945 13583 14858 19195 34606 37441
37 596 715 4134 8091 12106 24307 24658 34108 40591 42883

235 398 1204 2075 6742 11670 13512 23231 24784 27915 34752
204 873 890 13550 16570 19774 34012 35249 37655 39885 42890
221 371 514 11984 14972 15690 28827 29069 30531 31018 43121
280 549 1435 1889 3310 10234 11575 15243 20748 30469 36005
223 666 1248 13304 14433 14732 18943 21248 23127 38529 39272
370 819 1065 9461 10319 25294 31958 33542 37458 39681 40039
585 870 1028 5087 5216 12228 16216 16381 16937 27132 27893
164 167 1210 7386 11151 20413 22713 23134 24188 36771 38992
298 511 809 4620 7347 8873 19602 24162 29198 34304 41145

105 830 1212 2415 14759 15440 16361 16748 22123 32684 42575
659 665 668 6458 22130 25972 30697 31074 32048 36078 37129
91 808 953 8015 8988 13492 13987 15979 28355 34509 39698

594 983 1265 3028 4029 9366 11069 11512 27066 40939 41639
506 740 1321 1484 10747 16376 17384 20285 31502 38925 42606
338 356 975 2022 3578 18689 18772 19826 22914 24733 27431
709 1264 1366 4617 8893 25226 27800 29080 30277 37781 39644
840 1179 1338 2973 3541 7043 12712 15005 17149 19910 36795
1009 1267 1380 4919 12679 22889 29638 30987 34637 36232 37284
466 913 1247 1646 3049 5924 9014 20539 34546 35029 36540

374 697 984 1654 5870 10883 11684 20294 28888 31612 34031
117 240 635 5093 8673 11323 12456 14145 21397 39619 42559
122 1265 1427 13528 14282 15241 16852 17227 34723 36836 39791
595 1180 1310 6952 17916 24725 24971 27243 29555 32138 35987
140 470 1017 13222 13253 18462 20806 21117 28673 31598 37235
7710 1072 8014 10804 13303 14292 16690 26676 36443 41966

48 189 759 12438 14523 16388 23178 27315 28656 29111 29694
285 387 410 4294 4467 5949 25386 27898 34880 41169 42614

474 545 1320 10506 13186 18126 27110 31498 35353 36193 37322
1075 1130 1424 11390 13312 14161 16927 25071 25844 34287 38151
161 396 427 5944 17281 22201 25218 30143 35566 38261 42513
233 247 694 1446 3180 3507 9069 20764 21940 33422 39358

271 508 1013 6271 21760 21858 24887 29808 31099 35475 39924
8 674 1329 3135 5110 14460 28108 28388 31043 31137 31863
1035 1222 1409 8287 16083 24450 24888 29356 30329 37834 39684
391 1090 1128 1866 4095 10643 13121 14499 20056 22195 30593
55 161 1402 6289 6837 8791 17937 21425 26602 30461 37241

110 377 1228 6875 13253 17032 19008 23274 32285 33452 41630
360 638 1355 5933 12593 13533 23377 23881 24586 26040 41663
535 1240 1333 3354 10860 16032 32573 34908 34957 39255 40759
526 936 1321 7992 10260 18527 28248 29356 32636 34666 35552
336 785 875 7530 13062 13075 18925 27963 28703 33688 36502
36 591 1062 1518 3821 7048 11197 17781 19408 22731 24783

214 1145 1223 1546 9475 11170 16061 21273 38688 40051 42479
1136 1226 1423 20227 22573 24951 26462 29586 34915 42441 43048
26 276 1425 6048 7224 7917 8747 27559 28515 35002 37649

127 294 437 4029 8585 9647 11904 24115 28514 36893 39722

748 1093 1403 9536 19305 20468 31049 38667 40502 40720 41949
96 638 743 9806 12101 17751 22732 24937 32007 32594 38504
649 904 1079 2770 3337 9158 20125 24619 32921 33698 35173
401 518 984 7372 12438 12582 18704 35874 39420 39503 39790
10 451 1077 8078 16320 17409 25807 28814 30613 41261 42955
405 592 1178 15936 18418 19585 21966 24219 30637 34536 37838
50 584 851 9720 11919 22544 22545 25851 35567 41587 41876
911 1113 1176 1806 10058 10809 14220 19044 20748 29424 36671
441 550 1135 1956 11254 18699 30249 33099 34587 35243 39952
510 1016 1281 8621 13467 13780 15170 16289 20925 26426 34479
4969 5223 17117 21950 22144 24043 27151 39809

11452 13622 18918 19670 23995 32647 37200 37399

6351 6426 13185 13973 16699 22524 31070 31916

4098 10617 14854 18004 28580 36158 37500 38552
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Table A.1.5 Rate = 6/15 (Ninner = 64800)

1606 3402 4961 6751 7132 11516 12300 12482 12592 13342 13764 14123 21576 23946 24533 25376 25667 26836 31799 34173 35462 36153 36740 37085 37152 37468 37658
4621 5007 6910 8732 9757 11508 13099 15513 16335 18052 19512 21319 23663 25628 27208 31333 32219 33003 33239 33447 36200 36473 36938 37201 37283 37495 38642
16 1094 2020 3080 4194 5098 5631 6877 7889 8237 9804 10067 11017 11366 13136 13354 15379 18934 20199 24522 26172 28666 30386 32714 36390 37015 37162

700 897 1708 6017 6490 7372 7825 9546 10398 16605 18561 18745 21625 22137 23693 24340 24966 25015 26995 28586 28895 29687 33938 34520 34858 37056 38297
159 2010 2573 3617 4452 4958 5556 5832 6481 8227 9924 10836 14954 15594 16623 18065 19249 22394 22677 23408 23731 24076 24776 27007 28222 30343 38371
3118 3545 4768 4992 5227 6732 8170 9397 10522 11508 15536 20218 21921 28599 29445 29758 29968 31014 32027 33685 34378 35867 36323 36728 36870 38335 38623
1264 4254 6936 9165 9486 9950 10861 11653 13697 13961 15164 15665 18444 19470 20313 21189 24371 26431 26999 28086 28251 29261 31981 34015 35850 36129 37186
111 1307 1628 2041 2524 5358 7988 8191 10322 11905 12919 14127 15515 15711 17061 19024 21195 22902 23727 24401 24608 25111 25228 27338 35398 37794 38196
961 3035 7174 7948 13355 13607 14971 18189 18339 18665 18875 19142 20615 21136 21309 21758 23366 24745 25849 25982 27583 30006 31118 32106 36469 36583 37920
2990 3549 4273 4808 5707 6021 6509 7456 8240 10044 12262 12660 13085 14750 15680 16049 21587 23997 25803 28343 28693 34393 34860 35490 36021 37737 38296
955 4323 5145 6885 8123 9730 11840 12216 19194 20313 23056 24248 24830 25268 26617 26801 28557 29753 30745 31450 31973 32839 33025 33296 35710 37366 37509
264 605 4181 4483 5156 7238 8863 10939 11251 12964 16254 17511 20017 22395 22818 23261 23422 24064 26329 27723 28186 30434 31956 33971 34372 36764 38123
520 2562 2794 3528 3860 4402 5676 6963 8655 9018 9783 11933 16336 17193 17320 19035 20606 23579 23769 24123 24966 27866 32457 34011 34499 36620 37526
10106 10637 10906 34242

1856 15100 19378 21848

943 11191 27806 29411

4575 6359 13629 19383

4476 4953 18782 24313

5441 6381 21840 35943

9638 9763 12546 30120

9587 10626 11047 25700

4088 15298 28768 35047

2332 6363 8782 28863

4625 4933 28298 30289

3541 4918 18257 31746

1221 25233 26757 34892

8150 16677 27934 30021

8500 25016 33043 38070

7374 10207 16189 35811

611 18480 20064 38261

25416 27352 36089 38469

1667 17614 25839 32776

4118 12481 21912 37945

5573 13222 23619 31271

18271 26251 27182 30587

14690 26430 26799 34355

13688 16040 20716 34558

2740 14957 23436 32540

3491 14365 14681 36858

4796 6238 25203 27854

1731 12816 17344 26025

19182 21662 23742 27872

6502 13641 17509 34713

12246 12372 16746 27452

1589 21528 30621 34003

12328 20515 30651 31432

3415 22656 23427 36395

632 5209 25958 31085

619 3690 19648 37778

9528 13581 26965 36447

2147 26249 26968 28776

15698 18209 30683

1132 19888 34111

4608 25513 38874

475 1729 34100

7348 32277 38587

182 16473 33082

3865 9678 21265

4447 20151 27618

6335 14371 38711

704 9695 28858

4856 9757 30546

1993 19361 30732

756 28000 29138

382124076 31813

4611 12326 32291

7628 21515 34995

1246 13294 30068

6466 33233 35865

14484 23274 38150

21269 36411 37450

23129 26195 37653
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Table A.1.6 Rate = 7/15 (Ninner = 64800)

460 792 1007 4580 11452 13130 26882 27020 32439
35472 1056 7154 12700 13326 13414 16828 19102
45 440 772 4854 7863 26945 27684 28651 31875
744 812 892 1509 9018 12925 14140 21357 25106
271474 761 4268 6706 9609 19701 19707 24870
223 477 662 1987 9247 18376 22148 24948 27694
44 379 786 8823 12322 14666 16377 28688 29924
104 219 562 5832 19665 20615 21043 22759 32180
4143 8707963 13718 14136 17216 30470 33428
592 744 887 4513 6192 18116 19482 25032 34095
456 821 1078 7162 7443 8774 15567 17243 33085
151 666 977 6946 10358 11172 18129 19777 32234
236 793 870 2001 6805 9047 13877 30131 34252
297 698 772 3449 4204 11608 22950 26071 27512
202 428 474 3205 3726 6223 7708 20214 25283

139 719 915 1447 2938 11864 15932 21748 28598
135 853 902 3239 18590 20579 30578 33374 34045
913 971 11834 13642 17628 21669 24741 30965
344 531 730 1880 16895 17587 21901 28620 31957
7 192 380 3168 3729 5518 6827 20372 34168

28 521 681 4313 7465 14209 21501 23364 25980
269 393 898 3561 11066 11985 17311 26127 30309
42 82 707 4880 4890 9818 23340 25959 31695

189 262 707 6573 14082 22259 24230 24390 24664
383 568 573 5498 13449 13990 16904 22629 34203
585 596 820 2440 2488 21956 28261 28703 29591
755 763 795 5636 16433 21714 23452 31150 34545
23 343 669 1159 3507 13096 17978 24241 34321
316 384 944 4872 8491 18913 21085 23198 24798
64 314 765 3706 7136 8634 14227 17127 23437

220 693 899 8791 12417 13487 18335 22126 27428
285 794 1045 8624 8801 9547 19167 21894 32657
386 621 1045 1634 1882 3172 13686 16027 22448
95 622 693 2827 7098 11452 14112 18831 31308
446 813 928 7976 8935 13146 27117 27766 33111
89 138 241 3218 9283 20458 31484 31538 34216
277 420 704 9281 12576 12788 14496 15357 20585
141 643 758 4894 10264 15144 16357 22478 26461
17 108 160 13183 15424 17939 19276 23714 26655
109 285 608 1682 20223 21791 24615 29622 31983
123 515 622 7037 13946 15292 15606 16262 23742
264 565 923 6460 13622 13934 23181 25475 26134
202 548 789 8003 10993 12478 16051 25114 27579
121 450 575 5972 10062 18693 21852 23874 28031
507 560 889 12064 13316 19629 21547 25461 28732
664 786 1043 9137 9294 10163 23389 31436 34297
45 830 907 10730 16541 21232 30354 30605 31847
203 507 1060 6971 12216 13321 17861 22671 29825
369 881 952 3035 12279 12775 17682 17805 34281
683 709 1032 3787 17623 24138 26775 31432 33626
524 792 1042 12249 14765 18601 25811 32422 33163
137 639 688 7182 8169 10443 22530 24597 29039
159 643 749 16386 17401 24135 28429 33468 33469
107 481 555 7322 13234 19344 23498 26581 31378
249 389 523 3421 10150 17616 19085 20545 32069
395 738 1045 2415 3005 3820 19541 23543 31068
27 293 703 1717 3460 8326 8501 10290 32625

126 247 515 6031 9549 10643 22067 29490 34450
331471 1007 3020 3922 7580 23358 28620 30946
222 542 1021 3291 3652 13130 16349 33009 34348
532 719 1038 5891 7528 23252 25472 31395 31774
145 398 774 7816 13887 14936 23708 31712 33160
88 536 600 1239 1887 12195 13782 16726 27998
151 269 585 1445 3178 3970 15568 20358 21051
650 819 865 15567 18546 25571 32038 33350 33620
93 469 800 6059 10405 12296 17515 21354 22231
97 206 951 6161 16376 27022 29192 30190 30665
412 549 986 5833 10583 10766 24946 28878 31937
72 604 659 5267 12227 21714 32120 33472 33974
25902 912 1137 2975 9642 11598 25919 28278

420 976 1055 8473 11512 20198 21662 25443 30119
124 932 6426 11899 13217 13935 16548 29737

53 618 988 6280 7267 11676 13575 15532 25787
111 739 809 8133 12717 12741 20253 20608 27850
120 683 943 14496 15162 15440 18660 27543 32404
600 754 1055 7873 9679 17351 27268 33508

344 756 1054 7102 7193 22903 24720 27883

582 1003 1046 11344 23756 27497 27977 32853

28 429 509 11106 11767 12729 13100 31792

131 555 907 5113 10259 10300 20580 23029

406 915 977 12244 20259 26616 27899 32228

46 195 224 1229 4116 10263 13608 17830

19 819 953 7965 9998 13959 30580 30754

164 1003 1032 12920 15975 16582 22624 27357
8433 11894 13531 17675 25889 31384

3166 3813 8596 10368 25104 29584

2466 8241 12424 13376 24837 32711
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Table A.1.7 Rate = 8/15 (Ninner = 64800)

2768 3039 4059 5856 6245 7013 8157 9341 9802 10470 11521 12083 16610 18361 20321 24601 27420 28206 29788
2739 8244 8891 9157 12624 12973 15534 16622 16919 18402 18780 19854 20220 20543 22306 25540 27478 27678 28053
1727 2268 6246 7815 9010 9556 10134 10472 11389 14599 15719 16204 17342 17666 18850 22058 25579 25860 29207
28 1346 3721 5565 7019 9240 12355 13109 14800 16040 16839 17369 17631 19357 19473 19891 20381 23911 29683
869 2450 4386 5316 6160 7107 10362 11132 11271 13149 16397 16532 17113 19894 22043 22784 27383 28615 28804
508 4292 5831 8559 10044 10412 11283 14810 15888 17243 17538 19903 20528 22090 22652 27235 27384 28208 28485
389 2248 5840 6043 7000 9054 11075 11760 12217 12565 13587 15403 19422 19528 21493 25142 27777 28566 28702
1015 2002 5764 6777 9346 9629 11039 11153 12690 13068 13990 16841 17702 20021 24106 26300 29332 30081 30196
1480 3084 3467 4401 4798 5187 7851 11368 12323 14325 14546 16360 17158 18010 21333 25612 26556 26906 27005
6925 8876 12392 14529 15253 15437 19226 19950 20321 23021 23651 24393 24653 26668 27205 28269 28529 29041 29292
2547 3404 3538 4666 5126 5468 7695 8799 14732 15072 15881 17410 18971 19609 19717 22150 24941 27908 29018
888 1581 2311 5511 7218 9107 10454 12252 13662 15714 15894 17025 18671 24304 25316 25556 28489 28977 29212
1047 1494 1718 4645 5030 6811 7868 8146 10611 15767 17682 18391 22614 23021 23763 25478 26491 29088 29757

59 1781 1900 3814 4121 8044 8906 9175 11156 14841 15789 16033 16755 17292 18550 19310 22505 29567 29850

1952 3057 4399 9476 10171 10769 11335 11569 15002 19501 20621 22642 23452 24360 25109 25290 25828 28505 29122
2895 3070 3437 4764 4905 6670 9244 11845 13352 13573 13975 14600 15871 17996 19672 20079 20579 25327 27958
612 1528 2004 4244 4599 4926 5843 7684 10122 10443 12267 14368 18413 19058 22985 24257 26202 26596 27899
1361 2195 4146 6708 7158 7538 9138 9998 14862 15359 16076 18925 21401 21573 22503 24146 24247 27778 29312
5229 6235 7134 7655 9139 13527 15408 16058 16705 18320 19909 20901 22238 22437 23654 25131 27550 28247 29903
697 2035 4887 5275 6909 9166 11805 15338 16381 18403 20425 20688 21547 24590 25171 26726 28848 29224 29412
5379 17329 22659 23062

11814 14759 22329 22936

2423 2811 10296 12727

8460 15260 16769 17290

14191 14608 29536 30187

7103 10069 20111 22850

4285 15413 26448 29069

548 2137 9189 10928

4581 7077 23382 23949

3942 17248 19486 27922

8668 10230 16922 26678

6158 9980 13788 28198

12422 16076 24206 29887

8778 10649 18747 22111

21029 22677 27150 28980

7918 15423 27672 27803

5927 18086 23525

3397 15058 30224

24016 25880 26268

1096 4775 7912

3259 17301 20802

129 8396 15132

17825 28119 28676

2343 8382 28840

3907 18374 20939

1132 1290 8786

1481 4710 28846

2185 3705 26834

5496 15681 21854
12697 13407 22178
12788 21227 22894
629 2854 6232
2289 18227 27458
7593 21935 23001
3836 7081 12282
7925 18440 23135
497 6342 9717
11199 22046 30067
12572 28045 28990
1240 2023 10933
19566 20629 25186
6442 13303 28813
4765 10572 16180
552 19301 24286
6782 18480 21383
11267 12288 15758
771 5652 15531
16131 20047 25649
13227 23035 24450
4839 13467 27488
2852 4677 22993
2504 28116 29524
12518 17374 24267
1222 11859 27922
9660 17286 18261
232 11296 29978
9750 11165 16295
4894 9505 23622
10861 11980 14110
2128 15883 22836
6274 17243 21989
10866 13202 22517
11159 16111 21608
3719 18787 22100
1756 2020 23901
20913 29473 30103
2729 15091 26976
4410 8217 12963
5395 24564 28235
3859 17909 23051
5733 26005 29797
1935 3492 29773
11903 21380 29914
6091 10469 29997
2895 8930 15594
1827 10028 20070
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113 1557 3316 5680 6241 10407 13404 13947 14040 14353 15522 15698 16079 17363 19374 19543 20530 22833 24339
271 1361 6236 7006 7307 7333 12768 15441 15568 17923 18341 20321 21502 22023 23938 25351 25590 25876 25910
73 605 872 4008 6279 7653 10346 10799 12482 12935 13604 15909 16526 19782 20506 22804 23629 24859 25600
1445 1690 4304 4851 8919 9176 9252 13783 16076 16675 17274 18806 18882 20819 21958 22451 23869 23999 24177
1290 2337 5661 6371 8996 10102 10941 11360 12242 14918 16808 20571 23374 24046 25045 25060 25662 25783 25913
28 42 1926 3421 3503 8558 9453 10168 15820 17473 19571 19685 22790 23336 23367 23890 24061 25657 25680

0 1709 4041 4932 5968 7123 8430 9564 10596 11026 14761 19484 20762 20858 23803 24016 24795 25853 25863

29 1625 6500 6609 16831 18517 18568 18738 19387 20159 20544 21603 21941 24137 24269 24416 24803 25154 25395
5566 871 3700 11426 13221 15001 16367 17601 18380 22796 23488 23938 25476 25635 25678 25807 25857 25872
119 5958 8548 8860 11489 16845 18450 18469 19496 20190 23173 25262 25566 25668 25679 25858 25888 25915
7520 7690 8855 9183 14654 16695 17121 17854 18083 18428 19633 20470 20736 21720 22335 23273 25083 25293 25403
48 58 410 1299 3786 10668 18523 18963 20864 22106 22308 23033 23107 23128 23990 24286 24409 24595 25802

12 51 3894 6539 8276 10885 11644 12777 13427 14039 15954 17078 19053 20537 22863 24521 25087 25463 25838
3509 8748 9581 11509 15884 16230 17583 19264 20900 21001 21310 22547 22756 22959 24768 24814 25594 25626 25880
2129 69 1448 2386 4601 6626 6667 10242 13141 13852 14137 18640 19951 22449 23454 24431 25512 25814

18 53 7890 9934 10063 16728 19040 19809 20825 21522 21800 23582 24556 25031 25547 25562 25733 25789 25906
4096 4582 5766 5894 6517 10027 12182 13247 15207 17041 18958 20133 20503 22228 24332 24613 25689 25855 25883
025 819 5539 7076 7536 7695 9532 13668 15051 17683 19665 20253 21996 24136 24890 25758 25784 25807

34 40 44 4215 6076 7427 7965 8777 11017 15593 19542 22202 22973 23397 23423 24418 24873 25107 25644

1595 6216 22850 25439

1562 15172 19517 22362

7508 12879 24324 24496

6298 15819 16757 18721

11173 15175 19966 21195

59 13505 16941 23793

2267 4830 12023 20587

8827 9278 13072 16664

14419 17463 23398 25348

6112 16534 20423 22698

493 8914 21103 24799

6896 12761 13206 25873

2 1380 12322 21701

11600 21306 25753 25790

8421 13076 14271 15401

9630 14112 19017 20955

212 13932 21781 25824

5961 9110 16654 19636

58 5434 9936 12770

6575 11433 19798

2731 7338 20926

14253 18463 25404

21791 24805 25869

2 11646 15850

6075 8586 23819

18435 22093 24852

2103 2368 11704

10925 17402 18232

9062 25061 25674

18497 20853 23404

18606 19364 19551

7 1022 25543

6744 15481 25868

9081 17305 25164

823701 25883

9680 19955 22848

56 4564 19121
5595 15086 25892
3174 17127 23183
19397 19817 20275
12561 24571 25825
7111 9889 25865
19104 20189 21851
549 9686 25548
6586 20325 25906
3224 20710 21637
641 15215 25754
13484 23729 25818
2043 7493 24246
16860 25230 25768
22047 24200 24902
9391 18040 19499
7855 24336 25069
23834 25570 25852
1977 8800 25756
6671 21772 25859
3279 6710 24444
24099 25117 25820
5553 12306 25915
48 11107 23907
10832 11974 25773
2223 17905 25484
16782 17135 20446
475 2861 3457
16218 22449 24362
11716 22200 25897
8315 15009 22633
13 20480 25852
12352 18658 25687
3681 14794 23703
30 24531 25846
4103 22077 24107
23837 25622 25812
3627 13387 25839
908 5367 19388
06894 25795
20322 23546 25181
8178 25260 25437
2449 13244 22565
3118928 22741
1312 5134 14838
6085 13937 24220
66 14633 25670

47 22512 25472
8867 24704 25279
6742 21623 22745
147 9948 24178
8522 24261 24307
19202 22406 24609
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316 1271 3692 9495 12147 12849 14928 16671 16938 17864 19108 20502 21097 21115
2341 2559 2643 2816 2865 5137 5331 7000 7523 8023 10439 10797 13208 15041
5556 6858 7677 10162 10207 11349 12321 12398 14787 15743 15859 15952 19313 20879
349 573 910 2702 3654 6214 9246 9353 10638 11772 14447 14953 16620 19888

204 1390 2887 3835 6230 6533 7443 7876 9299 10291 10896 13960 18287 20086

541 2429 2838 7144 8523 8637 10490 10585 11074 12074 15762 16812 17900 18548
733 1659 3838 5323 5805 7882 9429 10682 13697 16909 18846 19587 19592 20904
1134 2136 4631 4653 4718 5197 10410 11666 14996 15305 16048 17417 18960 20303
734 1001 1283 4959 10016 10176 10973 11578 12051 15550 15915 19022 19430 20121
745 4057 5855 9885 10594 10989 13156 13219 13351 13631 13685 14577 17713 20386
968 1446 2130 2502 3092 3787 5323 8104 8418 9998 11681 13972 17747 17929

3020 3857 5275 5786 6319 8608 11943 14062 17144 17752 18001 18453 19311 21414
709 747 1038 2181 5320 8292 10584 10859 13964 15009 15277 16953 20675 21509
1663 3247 5003 5760 7186 7360 10346 14211 14717 14792 15155 16128 17355 17970
516 578 1914 6147 9419 11148 11434 13289 13325 13332 19106 19257 20962 21556
5009 5632 6531 9430 9886 10621 11765 13969 16178 16413 18110 18249 20616 20759
457 2686 3318 4608 5620 5858 6480 7430 9602 12691 14664 18777 20152 20848

33 2877 5334 6851 7907 8654 10688 15401 16123 17942 17969 18747 18931 20224
87 897 7636 8663 11425 12288 12672 14199 16435 17615 17950 18953 19667 20281
1042 1832 2545 2719 2947 3672 3700 6249 6398 6833 11114 14283 17694 20477

326 488 2662 2880 3009 5357 6587 8882 11604 14374 18781 19051 19057 20508

854 1294 2436 2852 4903 6466 7761 9072 9564 10321 13638 15658 16946 19119

194 899 1711 2408 2786 5391 7108 8079 8716 11453 17303 19484 20989 21389

1631 3121 3994 5005 7810 8850 10315 10589 13407 17162 18624 18758 19311 20301
736 2424 4792 5600 6370 10061 16053 16775 18600

1254 8163 8876 9157 12141 14587 16545 17175 18191

388 6641 8974 10607 10716 14477 16825 17191 18400

5578 6082 6824 7360 7745 8655 11402 11665 12428

3603 8729 13463 14698 15210 19112 19550 20727 21052

48 1732 3805 5158 15442 16909 19854 21071 21579

11707 14014 21531

1542 4133 4925

10083 13505 21198

14300 15765 16752

778 1237 11215

1325 3199 14534

2007 14510 20599

1996 5881 16429

5111 15018 15980

4989 10681 12810

3763 10715 16515

2259 10080 15642

9032 11319 21305

3915 15213 20884

11150 15022 20201

1147 6749 19625

12139 12939 18870

3840 4634 10244

1018 10231 17720

2708 13056 13393

5781 11588 18888

1345 2036 5252

5908 8143 15141

1804 13693 18640

10433 13965 16950

9568 10122 15945

547 6722 14015

321 12844 14095

2632 10513 14936

6369 11995 20321

9920 19136 21529

1990 2726 10183

5763 12118 15467

503 10006 19564

9839 11942 19472

11205 13552 15389

8841 13797 19697

124 6053 18224

6477 14406 21146

1224 8027 16011

3046 4422 17717

739 12308 17760

4014 4130 7835

2266 5652 11981

27117970 18317

2196 15229 17217

8636 13302 16764

5612 15010 16657

615 1249 4639
3821 12073 18506
1066 16522 21536
11307 18363 19740
3240 8560 10391
3124 11424 20779
1604 8861 17394
2083 7400 8093
3218 7454 9155
9855 15998 20533
316 2850 20652
5583 9768 10333
7147 7713 18339
12607 17428 21418
14216 16954 18164
8477 15970 18488
1632 8032 9751
4573 9080 13507
11747 12441 13876
1183 15605 16675
4408 10264 17109
5495 7882 12150
1010 3763 5065
9828 18054 21599
6342 7353 15358
6362 9462 19999
7184 13693 17622
4343 4654 10995
7099 8466 18520
11505 14395 15138
6779 16691 18726
7146 12644 20196
5865 16728 19634
4657 8714 21246
4580 5279 18750
3767 6620 18905
9209 13093 17575
12486 15875 19791
8046 14636 17491
2120 4643 13206
6186 9675 12601
784 5770 21585
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696 989 1238 3091 3116 3738 4269 6406 7033 8048 9157 10254 12033 16456 16912

444 1488 6541 8626 10735 12447 13111 13706 14135 15195 15947 16453 16916 17137 17268
401 460 992 1145 1576 1678 2238 2320 4280 6770 10027 12486 15363 16714 17157

1161 3108 3727 4508 5092 5348 5582 7727 11793 12515 12917 13362 14247 16717 17205
542 1190 6883 7911 8349 8835 10489 11631 14195 15009 15454 15482 16632 17040 17063
17 487 776 880 5077 6172 9771 11446 12798 16016 16109 16171 17087 17132 17226

1337 3275 3462 4229 9246 10180 10845 10866 12250 13633 14482 16024 16812 17186 17241
15 980 2305 3674 5971 8224 11499 11752 11770 12897 14082 14836 15311 16391 17209

0 3926 5869 8696 9351 9391 11371 14052 14172 14636 14974 16619 16961 17033 17237
3033 5317 6501 8579 10698 12168 12966 14019 15392 15806 15991 16493 16690 17062 17090
981 1205 4400 6410 11003 13319 13405 14695 15846 16297 16492 16563 16616 16862 16953
1725 4276 8869 9588 14062 14486 15474 15548 16300 16432 17042 17050 17060 17175 17273
1807 5921 9960 10011 14305 14490 14872 15852 16054 16061 16306 16799 16833 17136 17262
2826 4752 6017 6540 7016 8201 14245 14419 14716 15983 16569 16652 17171 17179 17247
1662 2516 3345 5229 8086 9686 11456 12210 14595 15808 16011 16421 16825 17112 17195
2890 4821 5987 7226 8823 9869 12468 14694 15352 15805 16075 16462 17102 17251 17263
3751 3890 4382 5720 10281 10411 11350 12721 13121 14127 14980 15202 15335 16735 17123
26 30 2805 5457 6630 7188 7477 7556 11065 16608 16859 16909 16943 17030 17103

40 4524 5043 5566 9645 10204 10282 11696 13080 14837 15607 16274 17034 17225 17266
904 3157 6284 7151 7984 11712 12887 13767 15547 16099 16753 16829 17044 17250 17259
7 311 4876 8334 9249 11267 14072 14559 15003 15235 15686 16331 17177 17238 17253
4410 8066 8596 9631 10369 11249 12610 15769 16791 16960 17018 17037 17062 17165 17204
24 8261 9691 10138 11607 12782 12786 13424 13933 15262 15795 16476 17084 17193 17220
88 11622 14705 15890

304 2026 2638 6018

1163 4268 11620 17232

9701 11785 14463 17260

4118 10952 12224 17006

3647 10823 11521 12060

1717 3753 9199 11642

2187 14280 17220

14787 16903 17061

381 3534 4294

3149 6947 8323

12562 16724 16881

7289 9997 15306

5615 13152 17260

5666 16926 17027

4190 7798 16831

4778 10629 17180

10001 13884 15453

6 2237 8203

7831 15144 15160

9186 17204 17243

9435 17168 17237

42 5701 17159

7812 14259 15715

39 4513 6658

38 9368 11273

1119 4785 17182

5620 16521 16729

16 6685 17242

210 3452 12383

466 14462 16250

10548 12633 13962

1452 6005 16453

22 4120 13684

5195 11563 16522

5518 16705 17201

12233 14552 15471

6067 13440 17248

8660 8967 17061

8673 12176 15051

5959 15767 16541

3244 12109 12414

3115913 16323

3270 15686 16653

24 7346 14675

12 1531 8740

6228 7565 16667

16936 17122 17162
4868 8451 13183
3714 4451 16919
11313 13801 17132
17070 17191 17242
1911 11201 17186
14 17190 17254
11760 16008 16832
14543 17033 17278
16129 16765 17155
6891 15561 17007
12741 14744 17116
8992 16661 17277
1861 11130 16742
4822 13331 16192
13281 14027 14989
38 14887 17141
10698 13452 15674
42539 16877

857 17170 17249
11449 11906 12867
285 14118 16831
15191 17214 17242
39728 16915

2469 12969 15579
16644 17151 17164
2592 8280 10448
9236 12431 17173
9064 16892 17233
4526 16146 17038
312116 16083
15837 16951 17031
5362 8382 16618
6137 13199 17221
2841 15068 17068
24 3620 17003
9880 15718 16764
1784 10240 17209
2731 10293 10846
3121 8723 16598
8563 15662 17088
13 1167 14676

29 13850 15963
3654 7553 8114

23 4362 14865
4434 14741 16688
8362 13901 17244
13687 16736 17232
46 4229 13394
13169 16383 16972
16031 16681 16952
3384 9894 12580
9841 14414 16165
5013 17099 17115
2130 8941 17266
6907 15428 17241
16 1860 17235
2151 16014 16643
14954 15958 17222
3969 8419 15116
31 15593 16984
11514 16605 17255
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584 1472 1621 1867 3338 3568 3723 4185 5126 5889 7737 8632 8940 9725

221 445 590 3779 3835 6939 7743 8280 8448 8491 9367 10042 11242 12917
4662 4837 4900 5029 6449 6687 6751 8684 9936 11681 11811 11886 12089 12909
2418 3018 3647 4210 4473 7447 7502 9490 10067 11092 11139 11256 12201 12383
2591 2947 3349 3406 4417 4519 5176 6672 8498 8863 9201 11294 11376 12184
27 101 197 290 871 1727 3911 5411 6676 8701 9350 10310 10798 12439

1765 1897 2923 3584 3901 4048 6963 7054 7132 9165 10184 10824 11278 12669
2183 3740 4808 5217 5660 6375 6787 8219 8466 9037 10353 10583 11118 12762
73 1594 2146 2715 3501 3572 3639 3725 6959 7187 8406 10120 10507 10691
240732 1215 2185 2788 2830 3499 3881 4197 4991 6425 7061 9756 10491

831 1568 1828 3424 4319 4516 4639 6018 9702 10203 10417 11240 11518 12458
2024 2970 3048 3638 3676 4152 5284 5779 5926 9426 9945 10873 11787 11837
1049 1218 1651 2328 3493 4363 5750 6483 7613 8782 9738 9803 11744 11937
1193 2060 2289 2964 3478 4592 4756 6709 7162 8231 8326 11140 11908 12243
978 2120 2439 3338 3850 4589 6567 8745 9656 9708 10161 10542 10711 12639
2403 2938 3117 3247 3711 5593 5844 5932 7801 10152 10226 11498 12162 12941
1781 2229 2276 2533 3582 3951 5279 5774 7930 9824 10920 11038 12340 12440
289 384 1980 2230 3464 3873 5958 8656 8942 9006 10175 11425 11745 12530
155 354 1090 1330 2002 2236 3559 3705 4922 5958 6576 8564 9972 12760

303 876 2059 2142 5244 5330 6644 7576 8614 9598 10410 10718 11033 12957
3449 3617 4408 4602 4727 6182 8835 8928 9372 9644 10237 10747 11655 12747
811 2565 2820 8677 8974 9632 11069 11548 11839 12107 12411 12695 12812 12890
972 4123 4943 6385 6449 7339 7477 8379 9177 9359 10074 11709 12552 12831
842 973 1541 2262 2905 5276 6758 7099 7894 8128 8325 8663 8875 10050

474 791 968 3902 4924 4965 5085 5908 6109 6329 7931 9038 9401 10568

1397 4461 4658 5911 6037 7127 7318 8678 8924 9000 9473 9602 10446 12692
1334 7571 12881

1393 1447 7972

633 1257 10597

4843 5102 11056

3294 8015 10513

1108 10374 10546

5353 7824 10111

3398 7674 8569

7719 9478 10503

2997 9418 9581

5777 6519 11229

1966 5214 9899

6 4088 5827

836 9248 9612

483 7229 7548

7865 8289 9804

2915 11098 11900

6180 7096 9481

1431 6786 8924

748 6757 8625

3312 4475 7204

1852 8958 11020

1915 2903 4006

6776 10886 12531

2594 9998 12742

159 2002 12079

853 3281 3762

5201 5798 6413

3882 6062 12047

4133 6775 9657

228 6874 11183

7433 10728 10864

77358073 12734

2844 4621 11779

3909 7103 12804

6002 9704 11060

5864 6856 7681

3652 5869 7605

2546 2657 4461

2423 4203 9111

244 1855 4691

1106 2178 6371

3911617 10126

250 9259 10603

3435 4614 6924

1742 8045 9529

7667 8875 11451

4023 6108 6911
8621 10184 11650
6726 10861 12348
3228 6302 7388
11137 5358

381 2424 8537
3256 7508 10044
1980 2219 4569
2468 5699 10319
2803 3314 12808
8578 9642 11533
829 4585 7923

59 329 5575

1067 5709 6867
1175 4744 12219
109 2518 6756
2105 10626 11153
5192 10696 10749
6260 7641 8233
2998 3094 11214
3398 6466 11494
6574 10448 12160
2734 10755 12780
1028 7958 10825
8545 8602 10793
392 3398 11417
6639 9291 12571
1067 7919 8934
1064 2848 12753
6076 8656 12690
5504 6193 10171
1951 7156 7356
4389 4780 7889
526 4804 9141
1238 3648 10464
2587 5624 12557
5560 5903 11963
1134 2570 3297
10041 11583 12157
1263 9585 12912
3744 7898 10646
459074 10315
1051 6188 10038
2242 8394 12712
3598 9025 12651
2295 3540 5610
1914 4378 12423
1766 3635 12759
5177 9586 11143
943 3590 11649
4864 6905 10454
5852 6042 10421
6095 8285 12349
2070 7171 8563
718 12234 12716
512 10667 11353
3629 6485 7040
2880 8865 11466
4490 10220 11796
5440 8819 9103
5262 7543 12411
516 7779 10940
2515 5843 9202
4684 5994 10586
573 2270 3324
78708317 10322
6856 7638 12909
1583 7669 10781
8141 9085 12555
3903 5485 9992
4467 11998 12904
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142 2307 2598 2650 4028 4434 5781 5881 6016 6323 6681 6698 8125
2932 4928 5248 5256 5983 6773 6828 7789 8426 8494 8534 8539 8583
899 3295 3833 5399 6820 7400 7753 7890 8109 8451 8529 8564 8602
21 3060 4720 5429 5636 5927 6966 8110 8170 8247 8355 8365 8616
20 1745 2838 3799 4380 4418 4646 5059 7343 8161 8302 8456 8631
96274 6725 6792 7195 7333 8027 8186 8209 8273 8442 8548 8632
494 1365 2405 3799 5188 5291 7644 7926 8139 8458 8504 8594 8625
192 574 1179 4387 4695 5089 5831 7673 7789 8298 8301 8612 8632
1120 1406 6111 6176 6256 6708 6834 7828 8232 8457 8495 8602

6 2654 3554 4483 4966 5866 6795 8069 8249 8301 8497 8509 8623
21 1144 2355 3124 6773 6805 6887 7742 7994 8358 8374 8580 8611
335 4473 4883 5528 6096 7543 7586 7921 8197 8319 8394 8489 8636
2919 4331 4419 4735 6366 6393 6844 7193 8165 8205 8544 8586 8617
12 19 742 930 3009 4330 6213 6224 7292 7430 7792 7922 8137

710 1439 1588 2434 3516 5239 6248 6827 8230 8448 8515 8581 8619
200 1075 1868 5581 7349 7642 7698 8037 8201 8210 8320 8391 8526
32501 4252 5256 5292 5567 6136 6321 6430 6486 7571 8521 8636
3062 4599 5885 6529 6616 7314 7319 7567 8024 8153 8302 8372 8598
105 381 1574 4351 5452 5603 5943 7467 7788 7933 8362 8513 8587
787 1857 3386 3659 6550 7131 7965 8015 8040 8312 8484 8525 8537
15 1118 4226 5197 5575 5761 6762 7038 8260 8338 8444 8512 8568
36 5216 5368 5616 6029 6591 8038 8067 8299 8351 8565 8578 8585
123 4300 4530 5426 5532 5817 6967 7124 7979 8022 8270 8437

629 2133 4828 5475 5875 5890 7194 8042 8345 8385 8518 8598 8612
11 1065 3782 4237 4993 7104 7863 7904 8104 8228 8321 8383 8565
2131 2274 3168 3215 3220 5597 6347 7812 8238 8354 8527 8557 8614
5600 6591 7491 7696

1766 8281 8626

1725 2280 5120

1650 3445 7652

43126911 8626

15 1013 5892

2263 2546 2979

1545 5873 7406

67 726 3697

2860 6443 8542

17 911 2820

1561 4580 6052

79 5269 7134

22 2410 2424

3501 5642 8627

808 6950 8571

4099 6389 7482

4023 5000 7833

5476 5765 7917

1008 3194 7207

20 495 5411

1703 8388 8635

6 4395 4921

200 2053 8206

1089 5126 5562

104193 7720

1967 2151 4608

22738 3513

3385 5066 8152

440 1118 8537

3429 6058 7716

5213 7519 8382

5564 8365 8620

43 3219 8603

4 5409 5815

56376 7654

4091 5724 5953

5348 6754 8613

1634 6398 6632

72 2058 8605

3497 5811 7579

3846 6743 8559

15 5933 8629

2133 5859 7068

4151 4617 8566

2960 8270 8410

2059 3617 8210

544 1441 6895

4043 7482 8592

294 2180 8524

3058 8227 8373

364 5756 8617

5383 8555 8619

1704 2480 4181
7338 7929 7990
2615 3905 7981
4298 4548 8296
8262 8319 8630
892 1893 8028
5694 7237 8595
1487 5012 5810
4335 8593 8624
3509 4531 5273
10 22 830

4161 5208 6280
2757063 8634
42725 3113
2279 7403 8174
1637 3328 3930
2810 4939 5624
31234 7687
2799 7740 8616
227701 8636
4302 7857 7993
TAT7 7794 8592
961118591

5 8606 8628
347 3497 4033
1747 2613 8636
1827 5600 7042
580 1822 6842
2327134 7783
4629 5000 7231
951 2806 4947
571 3474 8577
2437 2496 7945
23 5873 8162
12 1168 7686
8315 8540 8596
1766 2506 4733
929 1516 3338
211216 6555
782 1452 8617
86083 6087
667 3240 4583
4030 4661 5790
559 7122 8553
3202 4388 4909
2533 3673 8594
1991 3954 6206
6835 7900 7980
189 5722 8573
2680 4928 4998
243 25797735
4281 8132 8566
7656 7671 8609
1116 2291 4166
21 388 8021

6 1123 8369
311 4918 8511
03248 6290
1367627172
4209 5632 7563
49 127 8074
581 1735 4075
02235 5470
2178 5820 6179
16 3575 6054
1095 4564 6458
9 1581 5953
2537 6469 8552
14 3874 4844

0 3269 3551
2114 7372 7926
1875 2388 4057
3232 4042 6663
9401 583

13 4100 6584
2299 4190 4410
213670 4979
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A.2 LDPC CODE MATRICES (Nixner = 16200)

Table A.2.1 Rate = 2/15 (]Vinner = 16200)

2889 3122 3208 4324 5968 7241 13215
281923 1077 5252 6099 10309 11114
727 2413 2676 6151 6796 8945 12528
2252 2322 3093 3329 8443 12170 13748
575 2489 2944 6577 8772 11253 11657
310 1461 2482 4643 4780 6936 11970
8691 9746 10794 13582

3717 6535 12470 12752

6011 6547 7020 11746

5309 6481 10244 13824

5327 8773 8824 13343

3506 3575 9915 13609

3393 7089 11048 12816

36514902 6118 12048

4210 10132 13375 13377

Table A.2.2 Rate = 3/15 (]Vinner = 16200)

8 372 841 4522 5253 7430 8542 9822 10550 11896 11988
80 255 667 1511 3549 5239 5422 5497 7157 7854 11267
257 406 792 2916 3072 3214 3638 4090 8175 8892 9003

80 150 346 1883 6838 7818 9482 10366 10514 11468 12341
32 100 978 3493 6751 7787 8496 10170 10318 10451 12561
504 803 856 2048 6775 7631 8110 8221 8371 9443 10990
152 283 696 1164 4514 4649 7260 7370 11925 11986 12092
127 1034 1044 1842 3184 3397 5931 7577 11898 12339 12689
107 513 979 3934 4374 4658 7286 7809 8830 10804 10893
2045 2499 7197 8887 9420 9922 10132 10540 10816 11876
2932 6241 7136 7835 8541 9403 9817 11679 12377 12810
2211 2288 3937 4310 5952 6597 9692 10445 11064 11272

Table A.2.3 Rate = 4/15 (Ninner = 16200)

19 585 710 3241 3276 3648 6345 9224 9890 10841
181 494 894 2562 3201 4382 5130 5308 6493 10135
150 569 919 1427 2347 4475 7857 8904 9903
1005 1018 1025 2933 3280 3946 4049 4166 5209
420 554 778 6908 7959 8344 8462 10912 11099
231 506 859 4478 4957 7664 7731 7908 8980

179 537 979 3717 5092 6315 6883 9353 9935

147 205 830 3609 3720 4667 7441 10196 11809
60 1021 1061 1554 4918 5690 6184 7986 11296
145 719 768 2290 2919 7272 8561 9145 10233
388 590 852 1579 1698 1974 9747 10192 10255
231 343 485 1546 3155 4829 7710 10394 11336
4381 5398 5987 9123 10365 11018 11153

2381 5196 6613 6844 7357 8732 11082

1730 4599 5693 6318 7626 9231 10663
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Table A.2.4 Rate = 5/15 (]Vinner = 16200)

69 244 706 5145 5994 6066 6763 6815 8509

257 541 618 3933 6188 7048 7484 8424 9104

69 500 536 1494 1669 7075 7553 8202 10305

11 189 340 2103 3199 6775 7471 7918 10530

333 400 434 1806 3264 5693 8534 9274 10344

111 129 260 3562 3676 3680 3809 5169 7308 8280
100 303 342 3133 3952 4226 4713 5053 5717 9931
83 87 374 828 2460 4943 6311 8657 9272 9571

114 166 325 2680 4698 7703 7886 8791 9978 10684
281 542 549 1671 3178 3955 7153 7432 9052 10219
202 271 608 3860 4173 4203 5169 6871 8113 9757
16 359 419 3333 4198 4737 6170 7987 9573 10095
235 244 584 4640 5007 5563 6029 6816 7678 9968
123 449 646 2460 3845 4161 6610 7245 7686 8651
136 231 468 835 2622 3292 5158 5294 6584 9926
3085 4683 8191 9027 9922 9928 10550

2462 3185 3976 4091 8089 8772 9342

Table A.2.5 Rate = 6/15 (Niner = 16200)

27 430 519 828 1897 1943 2513 2600 2640 3310 3415 4266 5044 5100 5328 5483 5928 6204 6392 6416 6602 7019 7415 7623 8112 8485 8724 8994 9445 9667
27 174 188 631 1172 1427 1779 2217 2270 2601 2813 3196 3582 3895 3908 3948 4463 4955 5120 5809 5988 6478 6604 7096 7673 7735 7795 8925 9613 9670
27 370 617 852 910 1030 1326 1521 1606 2118 2248 2909 3214 3413 3623 3742 3752 4317 4694 5300 5687 6039 6100 6232 6491 6621 6860 7304 8542 8634
990 1753 7635 8540

933 1415 5666 8745

27 6567 8707 9216

2341 8692 9580 9615

260 1092 5839 6080

352 3750 4847 7726

4610 6580 9506 9597

2512 2974 4814 9348

1461 4021 5060 7009

1796 2883 5553 8306

1249 5422 7057

3965 6968 9422

1498 2931 5092

27 1090 6215

26 4232 6354

Table A.2.6 Rate = 7/15 (Nimner = 16200)

553 742 901 1327 1544 2179 2519 3131 3280 3603 3789 3792 4253 5340 5934 5962 6004 6698 7793 8001 8058 8126 8276 8559
503 590 598 1185 1266 1336 1806 2473 3021 3356 3490 3680 3936 4501 4659 5891 6132 6340 6602 7447 8007 8045 8059 8249
795 831 947 1330 1502 2041 2328 2513 2814 2829 4048 4802 6044 6109 6461 6777 6800 7099 7126 8095 8428 8519 8556 8610
601 787 899 1757 2259 2518 2783 2816 2823 2949 3396 4330 4494 4684 4700 4837 4881 4975 5130 5464 6554 6912 7094 8297
4229 5628 7917 7992

1506 3374 4174 5547

4275 5650 8208 8533

1504 1747 3433 6345

3659 6955 7575 7852

607 3002 4913 6453

3533 6860 7895 8048

4094 6366 8314

2206 4513 5411

32 3882 5149

389 3121 4626

1308 4419 6520

2092 2373 6849

1815 3679 7152

3582 3979 6948

1049 2135 3754

2276 4442 6591
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Table A.2.7 Rate = 8/15 (Nimner = 16200)

5519 825 1871 2098 2478 2659 2820 3200 3294 3650 3804 3949 4426 4460 4503 4568 4590 4949 5219 5662 5738 5905 5911 6160 6404 6637 6708 6737 6814 7263 7412
81391 1272 1633 2062 2882 3443 3503 3535 3908 4033 4163 4490 4929 5262 5399 5576 5768 5910 6331 6430 6844 6867 7201 7274 7290 7343 7350 7378 7387 7440 7554
105 975 3421 3480 4120 4444 5957 5971 6119 6617 6761 6810 7067 7353

6 138 485 1444 1512 2615 2990 3109 5604 6435 6513 6632 6704 7507

20 858 1051 2539 3049 5162 5308 6158 6391 6604 6744 7071 7195 7238

1140 5838 6203 6748
6282 6466 6481 6638
2346 2592 5436 7487
2219 3897 5896 7528
2897 6028 7018

1285 1863 5324

3075 6005 6466
56020 7551

2121 3751 7507
4027 5488 7542
26012 7011
3823 5531 5687
1379 2262 5297
1882 7498 7551
3749 4806 7227
22074 6898
17 616 7482
96823 7480
5195 5880 7559

Table A.2.8 Rate = 9/15 (Nimner = 16200)
212 255 540 967 1033 1517 1538 3124 3408 3800 4373 4864 4905 5163 5177 6186 300 1748 6245
275 660 1351 2211 2876 3063 3433 4088 4273 4544 4618 4632 5548 6101 6111 6136 2724 3276 5349
279 335 494 865 1662 1681 3414 3775 4252 4595 5272 5471 5796 5907 5986 6008 1433 6117 6448
345 352 3094 3188 4297 4338 4490 4865 5303 6477 485 663 4955
222 681 1218 3169 3850 4878 4954 5666 6001 6237 7111132 4315
172 512 1536 1559 2179 2227 3334 4049 6464 177 3266 4339
716 934 1694 2890 3276 3608 4332 4468 5945 1171 4841 4982
1133 1593 1825 2571 3017 4251 5221 5639 5845 33 1584 3692
1076 1222 6465 2820 3485 4249
159 5064 6078 1716 2428 3125
374 4073 5357 250 2275 6338
2833 5526 5845 108 1719 4961
1594 3639 5419
1028 1392 4239
115622 2175

Table A.2.9 Rate = 10/15 (Ninner = 16200)

352 747 894 1437 1688 1807 1883 2119 2159 3321 3400 3543 3588 3770 3821 4384 4470 4884 5012 5036 5084 5101 5271 5281 5353
505 915 1156 1269 1518 1650 2153 2256 2344 2465 2509 2867 2875 3007 3254 3519 3687 4331 4439 4532 4940 5011 5076 5113 5367
268 346 650 919 1260 4389 4653 4721 4838 5054 5157 5162 5275 5362
220 236 828 1590 1792 3259 3647 4276 4281 4325 4963 4974 5003 5037
381 737 1099 1409 2364 2955 3228 3341 3473 3985 4257 4730 5173 5242
88 771 1640 1737 1803 2408 2575 2974 3167 3464 3780 4501 4901 5047
749 1502 2201 3189

2873 3245 3427

2158 2605 3165

13438 3606

10 3019 5221

3712901 2923

9 3935 4683

1937 3502 3735

507 3128 4994

25 3854 4550

1178 4737 5366

2223 5304

1146 5175 5197

1816 2313 3649

740 1951 3844

1320 3703 4791

1754 2905 4058

7917 5277

3048 3954 5396

4804 4824 5105

2812 3895 5226

05318 5358

1483 2324 4826

2266 4752 5387
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Table A.2.10 Rate = 11/15 (Niper = 16200)

49 719 784 794 968 2382 2685 2873 2974 2995 3540 4179 27324132 4318

272 281 374 1279 2034 2067 2112 3429 3613 3815 3838 4216 225 2335 3497

206 714 820 1800 1925 2147 2168 2769 2806 3253 3415 4311 600 2246 2658

62 159 166 605 1496 1711 2652 3016 3347 3517 3654 4113 1240 2790 3020

363 733 1118 2062 2613 2736 3143 3427 3664 4100 4157 4314
57 142 436 983 1364 2105 2113 3074 3639 3835 4164 4242
870921 950 1212 1861 2128 2707 2993 3730 3968 3983 4227
185 2684 3263

2035 2123 2913

883 2221 3521

1344 1773 4132

438 3178 3650

543 756 1639

1057 2337 2898

171 3298 3929

1626 2960 3503

484 3050 3323

2283 2336 4189

301 1097 3539
1222 1267 2594
1364 2004 3603
1142 1185 2147
564 1505 2086
697 991 2908
1467 2073 3462
2574 2818 3637
748 2577 2772
1151 1419 4129
164 1238 3401

Table A.2.11 Rate = 12/15 (Nimer = 16200)

3394 1014 1214 1361 1477 1534 1660 1856 2745 2987 2991 3124 3155
59 136 528 781 803 928 1293 1489 1944 2041 2200 2613 2690 2847
155 245 311 621 1114 1269 1281 1783 1995 2047 2672 2803 2885 3014
79 870 974 1326 1449 1531 2077 2317 2467 2627 2811 3083 3101 3132
4 582 660 902 1048 1482 1697 1744 1928 2628 2699 2728 3045 3104
175 395 429 1027 1061 1068 1154 1168 1175 2147 2359 2376 2613 2682
1388 2241 3118 3148

143 506 2067 3148

1594 2217 2705

398 988 2551

1149 2588 2654

678 2844 3115

1508 1547 1954

1199 1267 1710

2589 3163 3207

12583 2974

2766 2897 3166

929 1823 2742

1113 3007 3239
1753 2478 3127
0509 1811
1672 2646 2984
965 1462 3230
31077 2917
1183 1316 1662
968 1593 3239
64 1996 2226
1442 2058 3181
513 973 1058
1263 3185 3229
681 1394 3017
419 2853 3217
32404 3175
2417 2792 2854
1879 2940 3235
647 1704 3060
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Table A.2.12 Rate = 13/15 (Nimer = 16200)

71334 645779 786 1124 1131 1267 1379 1554 1766 1798 1939
6 183 364 506 512 922 972 981 1039 1121 1537 1840 2111
671 153 204 253 268 781 799 873 1118 1194 1661 2036

6 247 353 581 921 940 1108 1146 1208 1268 1511 1527 1671
6 37 466 548 747 1142 1203 1271 1512 1516 1837 1904 2125
6 171 863 953 1025 1244 1378 1396 1723 1783 1816 1914 2121
1268 1360 1647 1769

6458 1231 1414

183 535 1244 1277

107 360 498 1456

6 2007 2059 2120

1480 1523 1670 1927

139573 711 1790

6 1541 1889 2023

6 374 957 1174

287 423 872 1285

6 1809 1918

65 818 1396

590 766 2107

192 814 1843

775 1163 1256

42 7351415

334 1008 2055

109 596 1785

406 534 1852

684 719 1543

401 465 1040
112 392 621
82 897 1950
887 1962 2125
793 1088 2159
723 919 1139
610 839 1302
218 1080 1816
627 1646 1749
496 1165 1741
916 1055 1662
182 722 945
5595 1674
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Annex B: Bit Interleaver Sequences

B.1 PERMUTATION SEQUENCES OF GROUP-WISE INTERLEAVING FOR Nyner = 64800
(Ncrour = 180)

Table B.1.1 QPSK (]Vinner = 64800)

Order of Group-Wise Interleaving
n(j) (0 < j < 180)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Code 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
Rate |69 70 71 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86 87 88 89 90 91
92 93 94 95 96 97 98 99 100 |[101 (102 (103 (104 (105 (106 (107 |108 |109 |110 |111 |112 |113 |114
115 (116 (117 (118 |119 |120 |121 |122 |123 |124 |125 |126 |127 |128 |129 |130 ([131 |[132 |[133 [134 (135 (136 (137
138 139 (140 (141 |142 |143 |144 |145 |146 |147 |148 |149 |150 |151 |152 |153 |[154 |[155 (156 |[157 (158 (159 (160
161 |[162 (163 (164 |165 |166 |167 |168 |169 |170 |171 |172 (173 |174 (175 |176 |[177 (178 [179
70 149 (136 (153 |104 |110 |134 |61 129 |126 (58 150 (177 |168 |78 7 120 |60 1855 175 |9 161|103
123 |91 173 |57 106 (143 151 |89 86 35 7 133 |31 7 23 51 5 121 |83 64 176 |119 (98
49 130 (128 |79 162 |32 172 |87 131 |45 114 |93 96 39 68 105 |85 109 |13 33 145 (18 12
54 111 |14 156 |8 16 73 2 84 47 42 101 |63 88 25 52 170 |24 69 142 (178 |20 65
2ns 97 66 80 11 59 19 115 |154 |26 147 |28 50 160 |[102 (55 139 (125 (116 (138 (167 |53 169 |165
99 159 (148 (179 |0 146 |90 6 100 (74 117 |48 75 135 |41 137 |76 92 164 (113 1562 |72 36
3 163 |15 46 21 44 108 |34 56 140 (127 |158 |94 67 122 |1 27 171 |30 157 (112 (81 118
43 29 124 |22 62 37 40 4 107 |166 (82 95 10 144 (141 (132 |174 |38 17
75 170 (132 [174 |7 111 |30 4 49 133 |50 160 |92 106 |27 126 (116 (178 |41 166 |88 84 80
163 (103 (51 58 107 |[167 |39 108 (24 145 |96 74 65 8 40 76 140 |44 68 125 (119 (82 53
152 [102 (38 28 86 162 (171 (61 93 147 |117 |32 150 |26 59 3 148 (173 [141 |130 |154 |97 33
172 (115 (118 (127 |6 16 0 143 (9 100 |67 98 110 |2 169 (47 83 164 (155 (123 (159 (42 105
ns 12 158 |81 20 66 57 121 |25 1 90 175 |35 60 79 87 135 |10 139 (186 (177 |77 89 73
113 |52 109 (134 |36 176 |54 69 146 |31 15 71 18 95 124 |85 14 78 129 [161 |19 72 13
122 (21 63 137 (120 (144 |91 157 |48 34 46 22 29 104 |45 56 151 |62 43 94 163 |99 64
138 [101 (23 11 17 136 (128 (114 (112 (165 |5 142 [179 |37 70 131 |55 168 [149
141 |86 22 20 176 |21 37 82 6 122 (130 |40 62 44 24 117 |8 145 |36 79 172|149 (127
163 |9 160 |73 100 |16 163 (124 |110 |49 154 (152 |4 168 |54 177 (168 (113 |57 2 102 [161 (147
18 103 |1 41 104 |144 |39 105 (131 |77 69 108 (159 |61 45 156 |0 83 157 (119 (112 (118 |92
109 |75 67 142 |96 51 139 |31 166 |179 (89 167 |23 34 60 93 165 (128 |90 19 33 70 173
ans 174 {129 (55 98 88 97 146|123 |84 111 (132 |71 140 (136 (10 115 |63 46 42 50 138 |81 59
53 15 52 72 164 [150 |29 17 91 101 |14 38 35 66 64 7 125 |151 |56 126 (171 |68 121
28 65 106 |78 47 143 (12 169 (120 (27 74 48 133 |43 116 (137 |94 3 25 134 |13 107 |162
32 99 85 175 |80 170 |5 135 (178 (11 26 76 95 87 155 |58 30 148 |[114
39 47 96 176 |33 75 165 |38 27 58 90 76 17 46 10 91 133 |69 171 |32 117 |78 13
146 [101 (36 0 138 |25 7 122 |49 14 125 (140 (93 130 |2 104 (102 (128 (4 111 (151 (84 167
35 127 |156 |55 82 85 66 114 |8 147 (115 (113 |5 31 100 (106 |48 52 67 107 |18 126|112
515 50 9 143 |28 160 |71 79 43 98 86 94 64 3 166 [105 (103 |118 |63 51 139 (172 (141|175
56 74 95 29 45 129 (120 (168 |92 150 |7 162 |1563 137 |[108 159 |157 |173 |23 89 132 |57 37
70 134 |40 21 149 |80 1 121 |59 110 (142 152 |15 154 145 |12 170 |54 155 |99 22 123 |72
177 (131 (116 |44 158 |73 11 65 164 (119 (174 |34 83 53 24 42 60 26 161 |68 178 |41 148
109 |87 144 (135 |20 62 81 169 (124 |6 19 30 163 |61 179 (136 |97 16 88
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0 14 19 21 2 1" 22 9 8 7 16 3 26 24 27 80 100 (121 |107 |31 36 42 46
49 75 93 127 |95 119 |73 61 63 117 |89 99 129 |52 111 (124 |48 122 |82 106 |91 92 7
103 (102 (81 113 (101 |97 33 115 |59 112 |90 51 126 |85 123 |40 83 53 69 70 132 (134 (136
138 (140 (142 (144 |146 |148 |150 |152 |154 |156 |158 |160 |162 |164 |166 |[168 (170 (172 (174 |176 (178 |4 5
613 10 12 20 6 18 13 17 15 1 29 28 23 25 67 116 |66 104 |44 50 47 84 76 65
130 |56 128 |77 39 94 87 120 |62 88 74 35 110 |[131 (98 60 37 45 78 125 (41 34 118
38 72 108 |58 43 109 |57 105 |68 86 79 96 32 114 |64 55 30 54 133 135 137 |139 |141
143 145 (147 (149 |151 |163 |1565 |157 |159 |161 |163 |165 |167 |169 |171 |173 (175 (177 [179
152 (172 (113 (167 |100 (163 159 |144 |114 |47 161 (125 (99 89 179 (123 |149 |177 |1 132 |37 26 16
57 166 |81 133 (112 (33 151 |[117 |83 52 178 |85 124 143 (28 59 130 |31 157 |[170 |44 61 102
155 111 (163 |55 54 176 |17 68 169 (20 104 |38 147 |7 174 |6 90 15 56 120 |13 34 48
122 (110 (154 |76 64 75 84 162 |77 103 (156 (128 (150 |87 27 42 3 23 96 171 (145 |91 24
s 78 5 69 175 |8 29 106 (137 |131 |43 93 160 (108 |164 |12 140 |71 63 141 (109 |129 |82 80
173 [105 |9 66 65 92 32 41 72 74 4 36 94 67 158 |10 88 142 |45 126 |2 86 118
73 79 121 (148 |95 70 51 53 21 115 |[135 (25 168 |11 136 |18 138 (134 |119 |146 |0 97 22
165 |40 19 60 46 14 49 139 |58 101 |39 116 (127 |30 98 50 107 |35 62
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90
92 94 96 98 100 (102 (104 (106 |108 |110 |112 |114 |116 |118 |120 |122 |[124 |[126 |[128 |[130 (132 (134 (136
815 138 [140 (142 (144 |146 |148 |150 |152 |154 |156 |158 |160 |162 |164 |166 |[168 (170 (172 (174 |176 (178 |1 3
7 9 1" 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
51 53 55 57 59 61 63 65 67 69 7 73 75 7 79 81 83 85 87 89 91 93 95
97 99 101 (103 (105 (107 109 |111 |113 115 |117 |119 |121 |123 |125 |127 |[129 (131 |[133 (135 (137 (139 [141
143 [145 (147 (149 |151 |1563 |1565 |157 |159 |161 |163 |165 |167 |169 |171 [173 (175 (177 (179
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90
92 94 96 98 100 (102 (104 (106 |108 |110 |112 |114 |116 |118 |120 |122 |[124 |[126 |[128 |[130 (132 (134 (136
138 [140 (142 (144 |146 |148 |150 |152 |154 |156 |158 |160 |162 |164 (166 |[168 (170 (172 (174 |176 (178 |1 3
ons 7 9 1" 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
51 53 55 57 59 61 63 65 67 69 7 73 75 77 79 81 83 85 87 89 91 93 95
97 99 101 (103 (105 (107 (109 |111 |113 |115 |117 |119 |121 |123 |125 |127 |[129 (131 |[133 (135 (137 (139 [141
143 [145 (147 (149 |151 |1563 |1565 |157 |159 |161 |163 |165 |167 |169 |171 [173 (175 (177 (179
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90
92 94 96 98 100 (102 (104 (106 |108 |110 |112 |114 |116 |118 |120 |122 |[124 |[126 |[128 |[130 (132 (134 (136
138 [140 (142 (144 |146 |148 |150 |152 |154 |156 |158 |160 |162 |164 (166 (168 (170 (172 (174 (176 (178 |1 3
1ons 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
51 53 55 57 59 61 63 65 67 69 7 73 75 7 79 81 83 85 87 89 91 93 95
97 99 101 (103 (105 (107 (109 |111 |113 |115 |117 |119 |121 |123 |125 |127 |[129 (131 |[133 (135 (137 (139 [141
143 145 (147 (149 |151 |163 |1565 |157 |159 |161 |163 |165 |167 |169 |171 |173 (175 (177 [179
0 14 19 21 2 11 22 9 8 7 16 3 26 24 27 80 100 (121 |107 |31 36 42 46
49 75 93 127 |95 119 |73 61 63 117 |89 99 129 |52 111 (124 |48 122 |82 106 |91 92 7
103 (102 (81 113 101 |97 33 115 |59 112 |90 51 126 |85 123 |40 83 53 69 70 132 (134 (136
138 [140 (142 (144 |146 |148 |150 |152 |154 |156 |158 |160 |162 |164 |166 |[168 (170 (172 (174 |176 (178 |4 5
1ns 10 12 20 6 18 13 17 15 1 29 28 23 25 67 116 |66 104 |44 50 47 84 76 65
130 |56 128 |77 39 94 87 120 |62 88 74 35 110 [131 (98 60 37 45 78 125 (41 34 118
38 72 108 |58 43 109 |57 105 |68 86 79 96 32 114 |64 55 30 54 133 135 |137 |139 |141
143 145 (147 (149 |151 |163 |1565 |157 |159 |161 |163 |165 |167 |169 |171 |173 (175 (177 [179
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90
92 94 96 98 100 (102 (104 (106 (108 |110 |112 |114 |116 |118 |120 |122 |[124 |[126 |[128 |[130 (132 (134 (136
138 [140 (142 (144 |146 |148 |150 |152 |154 |156 |158 |160 |162 |164 (166 |[168 (170 (172 (174 |176 (178 |1 3
12113 7 9 1" 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
51 53 55 57 59 61 63 65 67 69 7 73 75 77 79 81 83 85 87 89 91 93 95
97 99 101 (103 (105 (107 109 |111 |113 115 |117 |119 |121 |123 |125 |127 |[129 (131 |[133 (135 (137 (139 [141
143 [145 (147 (149 |151 |1563 |1565 |157 |159 |161 |163 |165 |167 |169 |171 [173 (175 (177 (179
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46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90

92 94 96 98 100 (102 (104 (106 |108 |110 |112 |114 |116 |118 |120 |122 |[124 |[126 |[128 |[130 (132 (134 (136

13115 138 [140 (142 (144 |146 |148 |150 |152 |154 |156 |158 |160 |162 |164 (166 |[168 (170 (172 (174 |176 (178 |1 3

51 53 55 57 59 61 63 65 67 69 7 73 75 7 79 81 83 85 87 89 91 93 95

97 99 101 ({103 (105 (107 (109 |111 |113 |115 |117 |119 |121 |123 |125 |127 |[129 (131 |[133 (135 (137 (139 (141

143 (145 (147 (149 |151 |1583 |1565 |157 |159 |161 |163 |165 |167 |169 (171 [173 (175 (177 (179

151
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Table B.1.2 16QAM (Niuner = 64800)

Order of Group-Wise Interleaving
n(j) (0 < j < 180)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Code 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
Rate |69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91
92 93 94 95 96 97 98 99 100 |[101 (102 (103 (104 (105 (106 (107 |108 |109 |110 |111 |112 |113 |114
115 (116 (117 (118 |119 |120 |121 |122 |123 |124 |125 |126 |127 |128 |129 |130 |[131 |[132 |[133 (134 (135 (136 (137
138 [139 (140 (141 |142 |143 |144 |145 |146 |147 |148 |149 |150 |151 |152 |153 |[154 |[155 (156 |[157 (158 (159 (160
161 |[162 (163 (164 |165 |166 |167 |168 |169 |170 |171 |172 (173 |174 (175 |176 |[177 |[178 [179
5 58 29 154 (125 (34 0 169 |80 59 13 42 77 167 |32 87 24 92 124 (143 |[114 |120 |166
138 |64 136 [149 |57 18 101 [119 |35 33 113 |75 108 (104 |3 27 39 172|159 (129 |62 146 |142
19 147 (111 |70 74 79 10 132 |1 161 [155 |90 15 133 |47 112 |84 28 160 (117 |150 |49 7
81 44 63 118 |4 158 [148 (82 69 36 162 |86 71 22 26 61 40 126 (170 (177 |23 91 68
s 56 110 |21 93 107 |85 20 128 |[109 (66 83 12 179 (141 |97 78 157 |72 130 |99 165 (45 11
152 [168 (14 16 2 137 (140 (121 (173 |50 55 94 144 |73 51 98 174 (178 |17 100 |9 122 |54
38 156 [131 (127 |164 |102 |116 |176 |30 37 139 |95 43 135 |53 89 106 [171 |76 175 |[153 |96 151
115 |52 6 123 (134 (31 103 |[163 |65 105 |48 25 8 60 67 88 46 41 145
52 92 175 |26 45 81 117 |74 119 |[147 (120 (135 (144 |87 3 51 20 170 (143 (125 |15 39 5
174 |79 16 176 |44 19 69 11 111 121 (37 160 |88 50 76 129 (138 (157 |86 113 (164 (142 |98
9 93 166 |78 73 167 (168 (40 131 |27 89 156 [177 [171 [116 [152 |O 127 |36 8 153 |59 75
13 105 |55 122 (132 (172 (2 58 126|162 (30 77 158 |17 96 100 |42 63 134 |154 |6 90 128
ns 83 60 146 (124 178 |99 123 |[108 [133 [159 |151 |145 |61 53 68 31 41 94 35 21 49 82 80
4 155 |7 57 95 62 56 65 140 |[163 (148 |23 161 [169 (47 67 139 |72 43 110 |46 150 |[109
115 |32 14 179 |85 165 [112 (25 64 173 |10 102 (114 |71 66 84 24 141 |29 104 (107 (54 12
91 1 118 [136 |18 101 [149 (130 (103 (106 |38 70 48 28 137 |97 34 22 33
165 |8 136 |2 58 30 127 |64 38 164 [123 |45 78 17 47 105 |[159 (134 (124 (147 (148 (109 |67
98 157 |57 156 [170 (46 12 172 |29 9 3 144 |97 83 151 |26 52 10 39 50 104 |92 163
72 125 |36 14 55 48 1 149 |33 110 |6 130 |[140 |89 77 22 171 139 [112 |113 |152 |16 7
85 11 28 153 |73 62 44 135 (116 |4 61 117 |53 111|178 |94 81 68 114 |173 |75 101 |88
ans 65 99 126 (141 |43 15 18 90 35 24 142 |25 120 |19 154 |0 174 |93 167 |[150 |107 |86 129
175 |87 21 66 106 |82 179 (118 |41 95 145 |37 23 168 |166 |49 103 |[108 |56 91 69 128 121
96 133 [100 (161 |143 |119 |102 |59 20 40 70 79 80 51 13 177 (131 (132 (176 |[155 |31 63 5
162 |76 42 160 (115 (71 158 |54 137 |146 (32 169 (122 |138 |84 74 60 34 27
129 |65 160 |[140 |32 50 162 |86 177 |57 157 |9 134 (104 (24 7 122 |46 17 77 31 92 163
148 [133 (99 18 0 167 [101 (110 (135 (124 |71 107 |5 123 |69 108 (141 (179 |96 113 |83 176 |52
117 |81 125 |59 15 137 (170 (63 112 (88 34 61 106 |3 42 100 |[152 (87 171 |72 161 |4 178
64 150 |10 128 |49 26 75 41 102 (28 2 168 |93 156 |12 38 45 151 (142 |44 66 25 139
sns 173 |51 29 147 (175 (90 164 |80 131 |58 114|145 (121 |70 115 (146 120 |55 158 |8 39 97 159
138 |33 47 116 |79 174 |74 21 6 130 |54 109 |76 35 98 155 |[144 (36 94 23 78 165 |56
154 |89 132 |67 119 |[143 |40 53 20 136 (172 |91 27 13 127 |73 105 |85 30 103 |19 84 37
48 153 |11 166 |60 111 |14 169 |95 118 |1 126 |68 22 149 |43 62 16 82
55 146 |83 52 62 176 [160 (68 53 56 81 97 79 113 [163 |61 58 69 133 |108 |66 71 86
144 |57 67 116 |59 70 156 |[172 |65 149 |155 |82 138 (136 (141 (111 |96 170 |90 140 |64 159 |15
14 37 54 44 63 43 18 47 7 25 34 29 30 26 39 16 41 45 36 0 23 32 28
6115 27 38 48 33 22 49 51 60 46 21 4 3 20 13 50 35 24 40 17 42 6 112 |93
127 |[101 |94 115 |[105 (31 19 177 |74 10 145 (162 (102 (120 (126 |95 73 152 (129 (174 (125 (72 128
78 171 |8 142 (178 |[154 |85 107 |75 12 9 151 |77 117 |109 |80 106 |[134 |98 1 122|173 [161
150 (110 (175 (166 |131 |119 |103 |139 |148 |157 |114 |147 |87 158 (121 (164 |104 |89 179 (123 |118 |99 88
11 92 165 |84 168 (124 (169 (2 130 |[167 (153 (137 (143 |91 100 |5 76 132|135
174 |148 |56 168 |38 7 110 |9 42 153 |[160 |15 46 21 121 |88 114 |85 13 83 74 81 70
27 119 (118 |144 |31 80 109 |73 141 |93 45 16 77 108 |57 36 78 124 |79 169 (143 |6 58
s 75 67 5 104 (125 (140 (172 |8 39 17 29 159 |86 87 41 99 89 47 128 |43 161 |154 (101
163 [116 (94 120 |71 158 |[145 (37 112 |68 95 1 113 |64 72 90 92 35 167 |44 149 |66 28
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82 178 176 |152 |23 115 [130 (98 123 |102 (24 129 |150 (34 136 (171 |54 107 |2 3 60 69 10
117 |91 157 |33 105 |[155 |62 162 |40 127 |14 165 |26 52 19 48 137 |4 22 122 (173 (18 11
111 [106 |76 53 61 147 |97 175 |32 59 166 |[179 (135 (177 (103 (100 |139 |50 146 (134 |133 |96 49
126|151 (84 156 |30 138 |[164 (132 (12 0 20 63 170 [142 (65 55 25 51 131
7 81 170 (101 |[143 |77 128 (112|156 |41 40 54 57 28 179 (114 |97 13 18 151 |91 88 79
92 137 |27 122 (107 (135 |82 125 (103 (74 36 9 93 0 86 63 158 (148 (25 167 |[116 |70 43
102 [106 (149 |24 169 (113|127 |34 165 |[100 (136 |75 134 |156 |96 84 178 |[150 |[140 |20 126 |73 68
130 [121 |48 53 22 129 |99 11 33 124 (157 |161 |29 123 |160 |55 26 168 |98 67 15 7 94
ans 144 |1 61 65 146 |42 172|115 |59 76 4 162 |39 85 12 72 58 44 132 |47 141 |35 176
104 [139 (80 6 95 87 90 173 [163 (69 32 8 154 [145 (23 177 (111 |60 38 171 |62 46 21
5 1563 |49 78 2 109 (147 (89 166 [152 (138 |31 14 131 |50 37 16 117 |66 19 10 159 |[142
105 |3 164 |51 83 174 {108 (52 17 64 119 |45 133 [175 (110 |56 30 120 [118
23 89 10 142 |19 41 1 146 |68 87 9 51 114 |92 121 |69 107 |97 166 |162 |55 174|126
149 (110 (128 (172 |28 11 |78 82 120 |71 52 5 141 |29 30 132 (148 (72 85 17 160 |[156 (154
131 |[164 (65 76 125 |50 16 130 (129 (143 (133 |98 0 42 63 83 173 |49 74 43 8 147 |61
015 36 167 (119 |27 86 102 |48 115 |99 38 163 |73 101 |4 153 (118 |90 124 |151 |66 93 123|157
24 44 168 |80 15 39 178 |45 21 37 1" 136 (113 |77 122 (158 |64 81 6 60 54 35 13
57 171 (100 117 |46 62 33 175 [137 |59 103 (127 (70 108 |88 179 |40 112 [104 (170 (140 |67 32
105 |[159 (26 96 169 (135 |[109 |47 177 |56 116 |79 106 [150 (25 94 134 162 |22 84 176 |139 (20
34 165 (138 |7 91 12 145 |58 95 2 144 |53 75 14 155 (18 31 3 161
68 71 54 19 25 21 102 |32 105 |29 16 79 53 82 107 |91 67 94 85 48 83 58 42
57 28 76 31 26 96 65 119 (114 (109 (9 125 |81 43 103 |93 70 46 89 112 |61 45 66
38 77 115 |56 87 113 [100 (75 72 60 47 92 36 98 4 59 6 44 20 86 3 73 95
104 |8 34 0 84 111 |35 30 64 55 80 40 97 101 |2 69 63 74 62 118 (110 (159 |18
1ons 50 33 7 175 |51 131 [106 (134 |88 140 (117 132 |147 |163 |116 |161 |10 39 126 (136 |90 37 174
41 158 |5 120 |12 52 99 146 (144 |78 155 (128 (165 (141 (179 (150 (157 |171 |143 |108 |170 |22 49
1" 27 160 (178 (133 |142 |121 |168 |173 |123 |13 15 154 (127 (139 (151 |163 (172 |138 |176 |145 |129 |162
162 (177 (137 (149 (167 |1 14 169 (124 (148 (164 |130 |17 156 [122 |23 166 |[135 (24
21 11 12 9 0 6 24 25 85 103 (118 |122 |71 101 (41 93 55 73 100 |40 106 |[119 (45
80 128 |68 129 |61 124 |36 126 (117 (114 |132 |136 |140 |144 |148 |152 |156 |160 |164 |168 |172 |176 (20
18 10 13 16 8 26 27 54 11 |52 44 87 113 |[115 |58 116 |49 7 95 86 30 78 81
56 125 |53 89 94 50 123 |65 83 133 137 (141 (145 (149 (1563 (157 |161 |165 |169 |173 |177 |2 17
nns 4 7 15 29 82 32 102 |76 121 |92 130 |[127 |62 107 |38 46 43 110 |75 104 |70 91
69 96 120 |42 34 79 35 105 (134 (138 (142 (146 (150 (154 (158 |162 |166 |170 |174 |178 |19 5 3
14 22 28 23 109 |51 108 |[131 |33 84 88 64 63 59 57 97 98 48 31 99 37 72 39
74 66 60 67 47 112 |90 135 (139 (143 (147 |151 |155 |159 |163 |167 |171 |175 |179
120 |32 38 113 |71 31 65 109 |36 106 |[134 |66 29 86 136 (108 |83 70 79 81 105 |48 30
125 [107 |44 99 75 64 78 51 95 88 49 60 54 122 (140 |137 |89 74 129 |82 164 |59 3
67 92 98 42 7 28 121 |87 18 21 93 72 2 142 (112 |9 50 8 90 139 |14 97 63
85 104 (124 |52 20 118 |34 5 94 41 68 80 110 |12 133 (131 |53 116|123 (96 61 111 |33
12113 173 |165 (175 (166 (169 (174 |159 |148 |158 |1556 |145 |178 |126 |100 |154 |156 (179 |157 |46 149 (171 |37 153
163 |[152 (146 (177 |103 |160 |147 |76 172 [144 (150 (132 (176 |168 |[167 (162 |170 |138 |151 |161 |40 26 130
119 (114 (117 (115 |84 57 62 13 47 24 0 7 10 69 19 127 |17 16 27 91 4 73 35
102 |15 55 23 25 11 56 45 58 128 |43 135 |1 143 141 |6 22 101 |39
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88
92 96 100 (104 (108 (112 (116 |120 |124 |128 |132 |136 |140 |144 |148 |152 (156 |[160 |[164 (168 (172 (176 |1
5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93
13115 97 101 (105 (109 |113 |117 |121 |125 |129 |133 |137 |141 |145 |[149 |153 |[157 (161 (165 (169 (173 (177 |2 6
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98
102 (106 (110 (114 (118 |122 |126 |130 |134 |138 |142 |146 |150 |154 158 |162 |[166 |[170 (174 (178 |3 7 1"
15 19 23 27 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 95 99 103
107 (111 (1165 (119 |123 |127 |131 |135 |139 |143 |147 |151 1556 |159 (163 |[167 (171 (175 [179
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Table B.1.3 64QAM (Niuer = 64800 bits)

Order of Group-Wise Interleaving
n(j) (0 < j < 180)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Code 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
Rate |69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91
92 93 94 95 96 97 98 99 100 |[101 (102 (103 (104 (105 (106 (107 |108 |109 |110 |111 |112 |113 |114
115 (116 (117 (118 |119 |120 |121 |122 |123 |124 |125 |126 |127 |128 |129 |130 |[131 |[132 |[133 (134 (135 (136 (137
138 [139 (140 (141 |142 |143 |144 |145 |146 |147 |148 |149 |150 |151 |152 |153 |[154 |[155 (156 |[157 (158 (159 (160
161 |[162 (163 (164 |165 |166 |167 |168 |169 |170 |171 |172 (173 |174 (175 |176 |[177 |[178 [179
57 149 |83 142 |29 20 30 52 5 100 |[156 |22 130 (167 (121 (126 137 |158 |132 |82 138 [128 (89
88 162 |32 107 |3 97 166 (125 (129 |1 6 68 148 |40 87 0 80 49 24 78 101 |43 112
75 172 |23 154 |12 146 |19 135 |48 170 123 |[147 |95 91 13 35 127 |61 60 139 |44 59 55
109 (157 (177 (153 |165 |66 152 |77 98 131 |11 81 62 175 141|171 |51 155 |76 150 (174 |58 143
s 37 63 31 41 140 |118 |94 27 10 70 56 93 176 [124 (151 (106 |46 163 (179 |4 18 144 |178
161 (145 (71 114 |7 105 |[133 (84 86 17 21 28 54 74 65 110 (122 (169 |64 111 (119 (42 85
73 8 116 |79 120 |69 53 115 |67 104 |16 173 |92 15 159 (134 |99 96 117 |38 9 26 164
47 103 (113 (136 |168 |102 |14 45 72 25 50 34 36 90 160 (2 33 39 108
74 72 104 |62 122 |35 130 |0 95 150 [139 |[151 |133 |109 |31 59 18 148 (9 105 |57 132|102
100 (115 (101 (7 21 141 |30 8 1 93 92 163 |[108 |52 159 (24 89 117 |88 178 (113 (98 179
144 (156 (54 164 (12 63 39 22 25 137 |13 41 44 80 87 111 [145 (23 85 166 |83 55 154
20 84 58 26 126 |[170 [103 |11 33 172|155 |[116 |169 [142 |70 161 |47 3 162 |77 19 28 97
ns 124 |6 168 [107 |60 76 143 [121 |42 157 |65 43 173 |56 171 |90 131 [119 |94 5 68 138 [149
73 67 53 61 4 86 99 75 36 15 48 177 |167 174 |51 176 |81 120 (158 (123 |34 49 128
10 134 |[147 |96 160 |50 146 |16 38 78 91 152 |46 127 |27 175 [135 (79 125 |82 2 129 |[153
14 40 32 114 [106 (17 110 (140 |71 136 [112 |45 64 29 69 118 |66 37 165
141 |80 47 89 44 7 46 11 175 [173 (99 2 155 |52 86 128 |[174 (33 170 |31 35 162 |64
95 92 4 16 49 137 (104 (29 9 60 167 |50 23 43 176 (121 |71 132 (103 (144 |39 12 90
114 [131 (106 |76 118 |66 24 58 122|150 |57 149 |93 53 14 73 165 |82 126 |97 59 133 |154
153 |72 36 5 96 120 (134 (101 |61 115 |0 28 42 18 145 (156 |85 146 |6 161 |10 22 138
ans 127|151 |87 54 20 139 [140 (152 (13 91 111 |25 123 |77 78 69 3 177 |41 81 19 107 |45
148 |70 160 |51 21 116 |48 157 |17 125 |[142 |83 110 |37 98 179 (129 (168 (172 |1 40 166 |159
147 |56 100 |63 26 169 (135 (15 75 84 163 |79 143 (113 |94 74 102 |30 38 178 |68 108 |[136
105 |[158 (117 |34 109 |67 62 32 119 |124 (171 (8 55 65 130 |88 112 |27 164
166 |54 6 27 141 |134 |58 46 55 91 56 100 (172 |80 18 152 |12 108 (170 (29 144 (147 (106
165 |17 127 |57 88 35 72 5 63 118 |1 85 7 61 62 84 159 |92 102 |98 177 132 [139
59 149 (11 8 154 129 |33 15 143 |4 95 101 |53 42 40 9 111 130 [123 |82 81 114|119
175 (157 |41 38 128 |161 |52 142 |7 26 145 |2 68 28 126 (121 |70 16 65 83 125 |50 79
sns 37 74 164 (168 (160 (122 |60 32 24 138 |75 69 0 36 97 117 |14 109 (173 (120 (112 (87 176
124 |151 |67 13 94 105 (133 (64 76 153 |31 136 [140 |150 |39 96 66 3 115 |20 99 171 |49
25 45 22 30 156 |158 (163 (135 |21 146 |90 169 |78 93 178 [(116 |19 155 (110 (73 104 |167 (44
113 |[162 (89 47 43 86 48 107 |71 137 |51 174 (103 |[131 179 |148 |10 23 34
29 17 38 37 27 43 31 35 16 46 44 9 23 1 34 45 14 18 156 |19 22 40 50
24 56 49 26 42 69 47 59 61 66 52 64 65 67 54 170 |68 132 |51 70 41 21 5
160 |7 13 55 62 53 63 58 3 167 |71 57 151 |60 36 25 74 39 32 72 85 86 107
6115 113 |48 88 2 129 137 |20 73 166 |75 77 142 (174 |15 149 |28 145 |92 169 |30 133 [163 (119
82 176 [152 (134 |139 |148 |164 |99 173 |104 (83 106 |[112 |[135 |153 |0 128 |144 |98 171 |94 97 143
110 (118 (127 |84 79 108 (126 (131 |93 111 |91 4 125 (162 (157 (158 |109 |140 [123 |154 |150 |80 11
12 146 |96 81 165 |8 89 138 (105 (141 |103 |6 100 (161 (172 |78 101 [115 |[179 |147 |116 |136 |122
87 33 130 (124 (175 (120 |90 102 |10 114 |159 |76 177 (178 (121 (168 |95 117 |155
103 |36 155 |[175 |52 130 |16 178 |[141 (86 49 129 |73 84 142 (177 |[110 |8 96 7 139 [167 (109
2 17 37 146 [169 (54 134 |101 |78 135 |70 153 |6 29 41 143 |63 47 124 |90 31 152 |98
s 59 133 |15 79 164 |67 50 128 |23 34 154 |69 45 9 27 35 156 [170 |[113 |127 |102 |82 149
176 |46 13 22 30 163 |60 114 (11 92 44 157 |74 48 132 |24 87 140 |66 118 (123 (104 |89
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136 |64 107 |14 99 43 115 |71 17 |12 26 38 147 |62 57 131 |94 33 151 (172|116 |10 25
75 144 (179 |51 120 |20 80 160 (174 (106 |1 21 88 137 |61 105 |5 18 32 158 |72 56 125
28 42 161 [168 |53 7 100 |40 145 171 |55 3 95 83 162 (173 [119 (126 |91 39 150 |[165 (112
122 |93 76 138 |[166 (108 (121 (97 81 148 |65 111 |4 19 85 159 |68 58 0
86 71 51 48 89 94 46 81 67 49 80 37 55 61 36 57 52 92 60 82 76 72 44
42 91 62 50 90 40 78 53 58 47 85 70 4 69 43 54 84 93 38 8 64 6 18
7 95 66 59 83 73 17 87 3 75 65 88 79 14 151 (117 |32 22 123 |30 33 162 |144
9 121 (108 (139 |142 |24 34 20 157 |159 (138 (143 (29 140 (163 (150 |175 |114 |31 12 35 145 |28
ans 27 26 16 98 102 103 (133 (161 (21 25 107 [153 (45 156 |23 125 [141 |56 166 |5 1 170 |119
68 134 (41 74 179 |2 129 (169 |101 |99 109 (127 (168 (176 (11 0 122 (110 (113 (146 (132 (165 |19
13 39 7 164 (106 (172 (154 (149 (10 173 131 |167 |63 147 |155 (100 |171 |158 |160 |15 178 [148 (152
104 (124 (177 |97 130 (118 (137 |111 |126 |120 |105 |115 |136 |112 |96 135 |[116 (174 (128
175 |60 133 |11 5 4 70 97 131 |80 42 136 |50 104 |32 75 176 |87 109 |61 39 107 |0
172 |23 90 54 160 |48 173 |27 100 [129 (14 7 142 |20 103 |38 126|157 |144 |21 64 44 79
105 |[146 (49 93 1 84 81 145 (18 15 106 |91 12 169 |63 7 125 |37 120 138 (17 113 |31
015 130 (140 (8 25 74 134 (115 |9 171 |46 68 33 116 |2 179 |52 92 36 78 164 (177 (24 72
122 (118 (162 (121 |16 73 45 53 7 110 |30 66 29 76 158 (148 [111 |94 43 83 139 |10 56
98 114 (117 (162 |174 |47 62 128 |85 155 |178 |26 96 41 82 150 (143 (58 69 127 |86 13 141
35 101 (149 (108 |3 154 |51 95 132|135 (163 (137 (28 102 (123 112 |151 |167 |59 19 156 [119 (183
168 |55 65 34 6 159 (170 (57 67 40 89 147 |165 |22 99 124 |88 161 |166
16 163 |92 56 111 (141 |65 118 |78 55 5 148 |19 163 |75 128 |32 178 |22 156 |99 124 |4
168 |20 115 |87 122 |9 166 |27 155 (94 134 |38 137 |67 161 |90 127 |43 171 |64 162 |98 133
34 138 |73 154 100 (58 103 (169 (23 117 |88 50 13 175 |68 39 102 |54 37 149 |29 150 |[104
59 3 139 |69 110 |77 131 |42 142 (25 158 |80 47 35 143 |72 151 |84 57 8 176 |61 46
1ons 41 51 10 173 |63 107 [125 (48 1" 177 |24 30 91 76 109 (140 |74 114 |82 120 |1 79 66
119 |93 159 |36 174 |26 112 (101 |123 |44 145 |60 157 |97 45 33 167 |70 152 |85 126 |40 135
62 108 |95 49 31 147 |71 113 |89 132 |6 144 |18 105 |83 130 |2 172 |17 164 (81 52 7
179 |28 160 (136 (121 |14 146 |15 106 |86 129 |12 170 |21 116 |96 53 0 165
12 15 2 16 27 50 35 74 38 70 108 |32 112 |54 30 122 |72 116 |36 90 49 85 132
138 |[144 (150 (156 |162 |168 |174 |0 14 9 5 23 66 68 52 96 117 |84 128 |100 |63 60 127
81 99 53 55 103 |95 133 (139 (145 |151 |157 |163 |169 |175 |10 22 13 1" 28 104 |37 57 115
46 65 129 (107 |75 119 (110 (31 43 97 78 125 |58 134 |140 (146 |152 |158 |164 |170 |176 |4 19
nns 8 24 44 101 |94 118 |[130 |69 71 83 34 86 124 |48 106 |89 40 102 |91 135 (141 (147
163 (159 (165 (171 (177 |3 20 7 17 25 87 41 120 |47 80 59 62 88 45 56 131 |61 126
113 |92 51 98 136|142 (148 |[154 (160 (166 |172 |178 |21 18 1 26 29 39 73 121 (105 |77 42
114 |93 82 111 {109 (67 79 123 |64 76 33 137 143 (149 |185 (161 |167 |173 |179
83 93 94 47 55 40 38 7 110 |124 (87 61 102 |76 33 35 92 59 74 11 138 |72 67
37 10 95 139 131 (44 57 97 53 142 |0 136 |9 143 |86 100 |21 15 75 62 19 65 129
101 |79 22 68 73 23 18 81 98 112 |8 128 |[103 (25 43 126 |54 90 28 109 |46 91 41
82 113 |[134 |52 105 |78 27 135 |96 56 140 |64 66 89 34 120 [108 (63 45 69 121 |88 39
12113 29 133 [106 (117 |127 |32 42 58 7 118 |51 84 85 80 104 (132 |[111 |30 26 48 50 31 141
116 |[123 (114 |70 107 (178 (145 (173 |36 144 (130 (176 (171 (175 (125 |99 162 [159 |20 164 (115 (169 (172
165 (161 (1561 (119 |122 |152 |157 |4 137 |148 (153 (170 (154 (166 (13 150 |16 167 (174 |[163 |49 6 168
147 (146 |1 149 (158 (179 (12 5 160 |177 |60 24 156 |7 155 |17 3 2 14
146 |91 63 144 |46 12 58 137 |25 79 70 33 134 |148 |66 38 163 |[118 (139 (130 (72 92 160
23 133 [163 128 |86 152 [106 (53 93 61 5 158 (172 (121 |135 |44 149 (168 |0 124 (143 |27 30
151 (114 (113 |43 138 |89 159 |17 120 [136 |[102 |81 170 [176 (142 (104 |21 78 155 |8 52 95 62
13115 40 174 |6 131 |48 18 1 179 |34 123 |77 26 84 157 |85 56 147 |67 76 162 |10 51 103
140 |87 175 (115 |4 101 |69 80 169 |75 49 97 154 |83 14 2 132 |96 16 37 166 [109 (54
42 28 32 171 {119 (55 94 65 20 165 |3 47 90 117 |88 177 (11 59 68 73 41 150 (111
127 (100 (110 |31 167 |13 122 (145 |71 22 173 (116 (126 (141 (29 39 178 |57 125 |36 19 7 156
107 |9 98 74 45 161 (112 (50 99 24 35 164 |64 129 |15 60 82 108 |[105
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Table B.1.4 256QAM (Nimer = 64800)

Order of Group-Wise Interleaving
n(j) (0 < j < 180)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Code 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
Rate |69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91
92 93 94 95 96 97 98 99 100 |[101 (102 (103 (104 (105 (106 (107 |108 |109 |110 |111 |112 |113 |114
115 (116 (117 (118 |119 |120 |121 |122 |123 |124 |125 |126 |127 |128 |129 |130 |[131 |[132 |[133 (134 (135 (136 (137
138 [139 (140 (141 |142 |143 |144 |145 |146 |147 |148 |149 |150 |151 |152 |153 |[154 |[155 (156 |[157 (158 (159 (160
161 |[162 (163 (164 |165 |166 |167 |168 |169 |170 |171 |172 (173 |174 (175 |176 |[177 |[178 [179
112 |78 104 |6 59 80 49 120 |(114 |27 113 |3 109 |44 69 164 |91 137 |39 31 21 127 151
8 47 176 (117 |68 122 (148 (79 73 7 166 |51 50 116 |66 152 |61 29 107 |22 154 118 (94
24 35 55 38 88 54 2 15 19 67 101 |74 169 (138 (41 162 |[175 (136 |62 161 (121 (163 [115
135 [123 (25 140 |[156 (58 33 119 (111 (146 (129 (150 (147 |97 18 60 4 81 168 |43 105 (36 65
s 13 5 108 (145 |23 70 20 173 [159 (100 (128 |172 |170 |1 37 83 102 [103 157 139 |179 |32 144
92 131 |75 155 |14 9 149 |63 11 134 |53 99 17 57 90 30 98 64 40 87 158 |77 93
124 |46 171 (141 |133 |85 177 |132 |26 160 |42 34 82 96 48 10 142 (125 (178 |[153 |72 45 89
52 28 126 [143 |167 |76 86 130 (110 (174 |16 165 |56 84 95 0 106 |12 71
136 |28 85 38 40 89 133 |117 |3 58 154 |77 14 179 |96 101 |26 169 |37 83 162 |[165 (24
66 109 [126 |10 155 |70 157 |105 |[175 |67 158 |32 42 147 |[140 |30 7 92 59 119 |56 0 5
90 174 |13 47 76 88 86 108 |27 18 12 8 61 145 |75 125 [112 (69 120 137 [116 |20 178
98 176 |29 68 168 (124 |21 35 150 [131 (159 (163 (84 23 123 |65 103 |93 99 102 (31 64 74
ns 46 94 80 129 (142 (128 (148 (111 (134 [173 |60 118 |2 170 135 |1 115 [143 |95 177 |73 43 11
114 |91 78 107 (172 (25 36 164 (149 (153 [110 |44 146 |82 127 |45 33 50 41 52 156 (34 4
79 141 |138 [122 |53 160 (81 16 100 |[130 (71 121|132 |9 22 113 |6 152 |15 171 |17 57 49
151 [161 (63 55 139 166 |97 19 51 72 167 (106 (48 144 |87 104 |62 54 39
13 121|137 |29 27 1 70 116 |35 132 (109 |51 55 58 11 67 136 |25 145 |7 75 107 |45
21 127 |52 90 22 100 (123 (69 112 |155 (92 151 |59 5 179 |44 87 56 139 |65 170 |46 0
124 |78 166 |8 61 97 120 |103 |4 19 64 79 28 134 |93 86 60 135 |[126 (53 63 14 122
17 150 |76 42 39 23 153 |95 66 50 141 (176 (34 161 |26 106 |10 43 85 131 |2 147 |148
ans 144 |54 115 (146 (101 (172 |114 |119 |3 96 133 |99 167 |[164 |9 142 |68 149 |94 83 16 175 |73
38 143 (159 |[130 |84 169 |18 138 [102 (72 47 32 160 |82 81 168 |30 12 173 [156 (158 (125 |98
62 178 |48 163 (117 [110 |91 37 80 105 |31 174|111 |49 113|108 |74 157 [128 (24 118 |40 88
177 |154 |6 162 (129 (77 36 165 |20 89 140 |15 33 104 (152 |71 171 |57 41
39 45 128 |84 143 148 |2 75 43 50 130 |87 137 (151 |7 71 55 51 133 |90 140 (149 |6
177 |37 124 |99 83 23 159 |0 176 |41 121 |96 89 30 161 |18 172 |60 49 134 (104 (139 [166
14 179 |62 48 129 |105 (146 (160 |16 174 |33 54 132 (112 (145 (150 |9 77 34 117 |92 82 136
165 |4 67 36 44 101 |81 141 (156 |3 175 |58 47 91 102 |32 158 |13 178 |63 118 |100 (85
sns 26 167 |1 173 |38 116 [131 (107 (138 (162 |8 72 42 115 |98 108 |24 152 |17 171 |64 123 |94
110 |28 147 |19 169 |61 46 97 106 |144 (164 |5 70 59 53 127 |88 31 153 |10 73 66 119
126|111 |29 155 |15 170 |57 120 (125 (80 142 (168 |11 68 56 52 95 103 |27 154 |21 78 40
122 |93 86 25 163 |20 79 35 114 [135 (109 |22 157 |12 69 65 74 76 113
99 100 |15 107 |54 76 153 (174 |61 0 36 71 62 137 |108 [114 |65 98 151 |19 112 (109 [152
117 |35 93 43 90 154 |73 150 |[165 (23 16 91 5 169 (175 (120 |149 |26 59 49 56 156 |136
110 |80 58 55 40 103 (159 (83 127 |111 [155 (167 (11 52 116 [142 |[133 |1 2 96 77 86 122
6115 6 131 |29 51 21 17 45 126 |12 3 168 |41 30 37 64 164 |78 8 118 113 |39 48 140
14 60 82 134 |25 33 50 84 28 105 (123 (145 |7 27 34 92 115 |147 |74 10 68 102 |67
63 101 |18 66 129 |24 4 119 |87 42 170 [143 (121 |38 57 95 148 |89 81 158 (171 (32 22
69 53 130 (104 [161 |75 141 |9 47 79 162 |[146 (124 (157 (70 106 |31 132 [166 (128 (138 (125 |44
13 85 88 135 |[144 (173 (163 (20 46 97 94 139 172 |72 160 (176 (177 |178 |179
24 157 |0 43 126 172 |135 |65 32 18 114 |42 162 |67 104 |61 23 11 4 96 163 |75 109
58 79 154 |3 95 168 |73 103 |60 84 148 (113 (40 164 (173 |143 |49 29 156 |7 89 132 179
s 138 |53 85 12 117 |36 122 |66 107 |64 28 147 |2 90 131 |70 144 |55 26 15 112 (35 128
176 |[106 |59 80 19 6 92 129 (174 |99 62 82 13 121 |41 127 |71 139 |63 25 151 |9 39
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159 |69 142 |52 77 21 119 |38 167 [178 |[101 |56 87 155 |5 91 166 [169 (146 |50 81 20 111
88 165 (177 |108 |47 27 149 |115 |33 161 |72 102 |57 86 16 110 |97 123 |68 100 |48 31 14
8 93 130 (170 |[133 |44 78 150 (118 (94 158 |76 134 |46 83 152 |1 37 160 (171 |136 |54 22
17 116 |34 125 (175 |[105 |45 30 153 |10 98 124 |74 137 |51 120 (141 [140 (145
85 3 148 (161 |96 99 154 |13 78 160 |61 36 21 141 (121|115 |82 1 59 72 43 135 |[168
139 |46 10 56 67 108 (134 (111 (105 (66 89 137 130 (104 143 |113 |11 84 157 |32 73 90 38
117 |146 |53 2 60 93 91 7 114 (19 47 4 26 75 109 |41 50 1563 |54 163 |31 24 106
42 170 |62 80 164 |65 128 |12 142 |167 |[155 |88 8 22 131 [158 |33 178 [145 (70 9 51 69
ans 102 (140 (173 (147 |83 165 |30 126 (100 (138 171 |103 |45 159 |27 74 97 122 {120 (16 52 162 [132
124 |94 133 (172 |149 |86 7 25 68 177 |64 174 |15 0 125 |63 35 34 40 179 |20 44 7
55 28 101 (150 [110 |18 119 |5 29 76 107 [136 (112 (144 (48 81 57 49 92 95 118 (17 156
166 |23 129 |79 37 175 |152 |87 6 58 127 |98 123 |39 14 116 [169 (176 (151
58 70 23 32 26 63 55 48 35 41 53 20 38 51 61 65 44 29 7 2 113 |68 96
104 [106 (89 27 0 19 |21 4 49 46 100 |13 36 57 98 102 |9 42 39 33 62 22 95
101 |15 91 25 93 132 |69 87 47 59 67 124 |17 11 31 43 40 37 85 50 97 140 |45
015 92 56 30 34 60 107 |24 52 94 64 5 71 90 66 103 |88 86 84 19 169 (159 (147 126
28 130 |14 162 |[144 (166 (108 (153 (115 (135 (120 (122 |112 |139 |151 |156 |16 172 (164 (123 |99 54 136
81 105 (128 |[116 |150 |155 |76 18 142 [170 (175 |83 146 |78 109 |73 131|127 |82 167 |77 110 |79
137 [152 |3 173 148 (72 158 (117 |1 6 12 8 161 |74 143 (133 (168 171 |134 |163 |138 |121 |141
160 |[111 (10 149 |80 75 165 |[157 (174 (129 |145 |114 |125 |154 |118 |176 |177 |178 |179
45 31 67 35 159 (157 (177 |2 44 23 73 148 (163 (118 |176 |4 14 97 142 |37 143 [149 (179
3 12 32 140 |42 167 [166 |41 126 (13 30 144 |57 113 [147 (173 |6 52 24 39 64 80 112
104 (174 (11 151 |71 109 (162 (79 171|127 |46 92 38 132 |81 120 (100 |1 53 88 76 60 103
139 |99 125 |48 93 135 (161 |77 110 [107 (121 |18 95 69 63 83 11 170 |7 16 98 141 |61
1ons 86 116 172|130 |49 25 40 65 87 108 (101 |5 21 89 75 43 82 146 [105 (128 (17 29 106
34 160 (155 (175 |124 |15 28 134 |62 119 |145 |72 10 58 91 74 36 68 150 |8 9 54 26
137 |56 165 (115 (114 |0 47 27 22 20 168 |[154 (102 (123 (50 94 66 33 85 59 164 [131 |51
90 70 138 |84 117 (178 |[122 |19 96 156 |55 78 158 [169 (129 (133 |152 |136 |153
27 68 35 117 [138 (83 127 |10 60 73 47 115 |[155 |81 170 |9 65 66 52 112 (150 |77 171
161 |22 20 39 106 [147 |90 126 (165 (23 16 45 113 |154 (86 173 |158 (24 71 40 107 |136 (94
128 (163 (31 72 33 101 [134 (80 175 |7 61 19 49 111|135 |92 130 |6 62 74 43 116|133
89 129 |8 28 15 34 105 |[146 |84 174 |4 32 75 44 118 (132 |96 169 |[159 (58 18 42 100
nns 141 |87 131 [157 |63 11 48 108 (151 (79 177 |168 (26 17 36 102 (137 (95 122 |1 25 21 50
120 [153 |97 121 |0 55 14 46 114 [162 |91 178 |3 30 13 37 103 |[145 |82 125 |[166 |57 76
51 99 144 |85 123 |162 |56 12 53 119 |[139 |78 179 |5 64 70 54 110 (148 (93 172|164 (29
69 38 109 (143 |88 124 160 (59 67 41 104 [149 (98 176 |2 167 [156 (140 (142
51 122 |91 111 |95 100 (119 (130 |78 57 65 26 61 126 (105 143 |70 132 |39 102 (115 (116 |6
14 3 21 7 134 |2 0 140 (106 |7 118 |23 35 20 17 50 48 112 |13 66 5 75 42
129 [107 (30 45 137 (114 |37 87 53 85 101 (141 (120 |99 88 117 |64 28 135 (138 (108 (113 |58
97 38 124 |86 33 74 32 29 128 |67 104 |80 127 |56 34 89 94 49 55 93 136 |68 62
1215 54 40 81 103 (121 |76 44 84 96 123 |154 |98 82 142 |46 169 (131 (72 47 69 125 |31 83
36 59 90 79 52 133 |60 92 139 |[110 (27 73 43 7 109 |63 41 168 (147 (161 (165 (175 |[162
164 (158 (157 (160 (150 (171 |167 |145 |151 |153 |9 155 |[170 |146 |166 |149 |15 159 |11 176 (152 (156 |144
148 (172 (178 |24 22 179 |4 163 (174 (173 |19 10 177 |12 16 1 8 18 25
59 85 108 (128 |49 91 163 |3 58 16 106 (126 (74 141|167 |35 57 82 30 123 |68 95 160
42 62 21 102 (131 (52 142 157 |10 55 79 24 130 |73 92 179 |2 61 11 104 (122 (45 140
159 |43 148 (19 23 111 |76 135 (169 (39 63 77 25 117 |75 94 155 |5 145 |14 26 127 |46
13115 138 |[158 (38 64 86 105 (118 (50 137 [175 |7 144 |84 22 113 |54 98 172 |9 146 |17 27 114
51 139 |[156 |37 147 |78 103 |[115 |66 97 168 |34 60 83 107 (121 |48 93 174 |33 65 87 99
124 |71 136 (154 |0 150 |20 101 (112 |70 96 170 |1 149 |80 28 125 |53 90 173 |6 153 |13
29 116 |72 88 165 |8 143 |12 31 119 |47 89 164 |40 151 |81 109 (110 (44 134|162 (36 152
15 100 (129 |67 133 [166 |41 56 18 32 120 |69 132 (161 |4 177 (176 (178 [171
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Table B.1.5 1024QAM (Niuer = 64800)

Order of Group-Wise Interleaving
n(j) (0 < j < 180)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Code 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
Rate |69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91
92 93 94 95 96 97 98 99 100 |[101 (102 (103 (104 (105 (106 (107 |108 |109 |110 |111 |112 |113 |114
115 (116 (117 (118 |119 |120 |121 |122 |123 |124 |125 |126 |127 |128 |129 |130 |[131 |[132 |[133 (134 (135 (136 (137
138 [139 (140 (141 |142 |143 |144 |145 |146 |147 |148 |149 |150 |151 |152 |153 |[154 |[155 (156 |[157 (158 (159 (160
161 |[162 (163 (164 |165 |166 |167 |168 |169 |170 |171 |172 (173 |174 (175 |176 |[177 |[178 [179
157 |25 107 |[160 |37 138 [111 (35 29 44 15 162 |66 20 49 126 |89 147 (159 (174 (142 (26 146
10 164 |152 |57 110 |83 167 |169 |16 6 172 |62 173 |7 145 |4 67 115 |50 39 72 79 74
40 132 |42 30 163 |[161 |55 143 |63 117 |86 121 |2 28 69 150 |24 177 |43 158 |27 21 128
46 118 [114 (127 |135 |92 76 19 94 179 |3 52 101 [137 (84 73 108 |91 120 |47 1 102 |58
s 68 82 59 119 |64 31 61 105 (103 (151 (124 |70 8 155 |90 166 |41 45 178 |[113 [140 |75 148
109 (100 (125 |11 116 |34 36 176 [(170 (156 (136 (171 (122 |78 87 106 [123 (149 (17 99 175 |18 9
165 |[153 (12 81 77 60 93 104 |13 5 88 96 141 [133 (154 (144 |48 97 23 14 98 53 134
112 |65 0 130 |32 168 |33 131 |22 38 56 80 95 71 85 139 (129 |51 54
113 [153 (13 8 103 115 [137 |69 151 (111 (18 38 42 150 [179 [130 |148 |6 4 31 44 68 145
126 106 (24 100 |93 21 35 143 |57 166 |65 53 41 122 |7 29 25 136 [162 (158 |26 124 |32
17 168 |56 12 39 176 (131 [132 |51 89 101 [160 (49 87 14 55 127 |37 169 [110 |83 134 |107
46 33 114 (108 |82 125 [109 (95 174 |62 164 (144 (16 121 |58 80 2 163 [159 (157 |90 104 |23
ns 172 (112 (19 133 [102 (75 45 86 63 22 54 105 155 |77 178 |70 98 40 118 |84 78 0 99
123 (5 34 71 96 175 |10 30 72 28 74 154 |61 91 85 135 [152 (15 88 165 |60 52 149
147 |59 116 (120 |3 64 140 |67 94 27 9 81 43 11 167 [139 |92 129 |20 117 (128 (50 119
47 1 156 (142 [170 [171 |48 177 |66 161 |79 73 76 173 |97 36 141 |146 |138
114 |[133 |4 73 8 139 |7 5 177 |88 66 11 24 74 49 45 167 |81 117 |137 |46 22 165
51 68 110 |6 1 16 132 130 (143 |169 |2 20 140 |94 21 91 126 (172 |27 162 |34 113|142
166 |[115 (106 (160 (84 136 (175 |0 26 151 |69 174 |59 159 (161 |[170 |52 164 |80 108 |3 23 101
33 125 |[111 |63 124 |98 40 145 |9 39 155 [149 (147 |67 76 48 120 [119 |53 54 138 [179 (156
ans 127 |13 152 (129 (123 |141 |109 |89 121 |50 10 37 104 |[144 |86 178 |96 148 (128 (56 64 153 |95
12 105 |41 154 |99 25 171 |92 17 134 |19 61 32 85 102 |14 71 146 [163 (173 (118 |57 18
36 42 78 31 97 55 58 116 |90 168 |43 72 15 112 |93 60 38 103 |87 158 |35 29 176
150 |77 79 122 |47 28 135 |[100 |83 65 131 |75 157 |62 70 44 30 107 |82
128 |4 162 |8 77 29 91 44 176 |107 (149 (1 150 (9 119 |99 71 124 (104 |41 62 5 118
50 174 |54 111 |40 156 |92 46 11 17 52 47 97 179 |24 153 (145 (129 (2 12 88 101|139
114 |69 96 32 134 |55 167 (132 (123 136 |112 |102 |159 |31 87 141 |15 61 84 98 37 63 20
85 53 7 39 117 |170 |[138 116 126 |161 |120 |57 13 76 6 121|155 (175 |38 158 |35 86 78
sns 10 103 |[166 |95 125 |172 |67 30 177 |73 151 [169 (163 |23 108 |43 81 157 |58 105 |65 26 122
135 |[146 (72 142 |34 133 |0 148 |89 168 |60 109 |83 18 27 131 |70 56 48 64 93 68 127
21 75 110 |80 14 49 82 143 (115 (178 |154 |100 |59 74 152 |51 137 |140 |36 42 19 25 94
45 164 |16 113 |79 22 28 66 106 [130 (171 (147 (90 144 |165 |3 173 |160 |33
66 21 51 55 54 24 33 12 70 63 47 65 145 |8 0 57 23 71 59 14 40 42 62
56 2 43 64 58 67 53 68 61 39 52 69 1 22 31 161 |38 30 19 17 18 4 41
25 44 136 |29 36 26 126 177 |15 37 148 |9 13 45 46 152 |50 49 27 77 60 35 48
6115 178 |28 34 106 [127 |76 131 [105 [138 |75 130 (101 (167 (117 (173 (113 |108 |92 135 (124 121 |97 149
143 |81 32 96 3 78 107 |86 98 16 162 [150 (111 (158 (172 (139 |74 142 (166 |7 5 119 |20
144 {151 (90 11 156 |100 (175 |83 155 [159 (128 |88 87 93 103 |94 140 (165 |6 137 157 (10 85
141 (129 (146 (122 |73 112 [132 (125 (174 (169 (168 |79 84 118 [179 |147 |91 160 (163 (115 |89 80 102
104 |[134 (82 95 133 |[164 (154 |120 |110 |170 |114 |153 |72 109 (171 |176 |99 116|123
117 |61 46 179 |24 161 (142 (133 |11 6 121 |44 103 |76 22 63 136 151 |33 8 123 |60 105
175 |18 160 (138 [147 |10 0 125 |57 49 75 21 154 (140 (150 (9 169 (124 |55 48 173 |23 157
s 97 129 |30 7 122 |54 99 74 19 153 |94 128 |15 170 |87 59 51 80 111 |64 137 |146 (13
2 83 62 45 176 [108 |71 91 131 |34 168 |82 56 102 |72 26 155 |92 132 |31 166 [119 (36
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101 (178 (113 |67 98 152 |14 5 118 |41 104 (177 (114 |70 96 134 |32 162 |84 40 100 (174 (110
158 |93 149 |27 4 86 38 53 7 115 |[159 (143 (130 |35 163 |89 58 106 |73 20 66 90 127
16 3 85 37 107 (172 (116 |156 |95 144 |17 165 |81 43 50 78 109 |68 135 126 |29 167 120
39 47 171 (112 |69 141 (145 (28 1 88 42 52 79 25 65 139 (148 (12 164
7 48 82 51 57 69 65 6 7 90 84 81 50 88 61 55 53 73 39 13 79 75 41
18 38 89 49 93 36 64 47 40 42 76 70 56 3 72 2 54 52 145 |19 78 80 63
87 67 86 10 1 58 17 14 175 |91 68 85 94 15 43 74 60 66 37 92 4 9 16
83 46 44 102 |30 112 (122 (110 |29 20 105 (138 (101 (174 (33 137 (136 (131 (166 (59 34 62 125
ans 28 26 45 24 23 21 157 |98 35 95 22 32 103 |27 113 |31 119 173 |[168 |118 |120 |114 |149
159 (165 (179 (160 (161 |130 |123 |172 |139 |124 |153 |0 109 (167 (128 (107 (117 |147 |177 |96 164 [152 |11
148 (158 (129 (163 |176 |151 |171 |8 106 |144 (150 (169 (108 (162 (143 (111 141 |133 |178 |134 |146 |99 132
142 (104 (115 (135 (121 |[100 (12 170 (156 (126 |5 127 (154 |97 140 (116 (165 |7 25
42 36 135 (126 |3 17 82 87 172 |32 65 70 143 [131 (10 1 85 147 |31 176 |66 47 97
128 |8 9 146 |73 162 |[164 (57 64 139 |91 5 110 |[150 (83 18 27 48 45 133 (132 (111 (124
89 78 177 |19 46 50 102 (103 (122 |4 74 161 (175 |34 60 58 136 100 (115 (118 |81 75 28
015 21 40 61 140 (138 (113 ([112 (157 (151 (23 30 69 41 94 96 7 109 (152 149 |33 179 |71 43
92 105 |12 13 154 (159 (178 |24 44 49 107 |98 16 2 76 155 |35 168 |62 56 129 (141 (116
123 [160 |77 25 170 |54 39 90 95 121 (11 72 153 (169 [167 |51 67 104 (134 (O 117 |79 80
26 29 37 55 99 142 (108 (114 |86 88 166 |[163 (59 63 101 |93 119 |15 144 (145 |165 |22 52
53 130 (137 (125 |6 158 |84 20 174 |38 68 127 (106 |14 120 (148 (156 |171 |173
100 |22 60 121 |40 44 164 (170 (176 |101 |88 26 35 4 21 173 (140 (145 (175 (174 |81 28 72
112 (132 (106 |42 56 151 (147 (82 49 91 64 179 |89 160 |52 139 |17 97 63 116 (131 (164 |71
109 |96 135 (146 |55 38 166 |117 |65 127 (120 129 |15 136 |74 23 98 43 123 130 |69 99 143
161 |46 51 94 61 83 67 156 |33 144 (148 163 |47 92 2 122 |24 86 75 108 (152 (14 7
1ons 10 29 19 104 (128 (142 (1 79 107 |[162 |0 118 |66 54 153 (141 (9 85 37 32 114 |53
134 |41 158 (178 138 |76 50 78 84 172 |48 133 [168 125 |13 169 |25 16 8 124 (159 (167 |58
5 11 68 95 27 110 |93 62 102 |137 (126 (150 (87 105 |[113 |30 119 |6 103 |57 31 149 |80
70 45 165 (111 |73 36 157 (171 |3 20 18 90 12 59 39 115 |34 177 |155
33 73 90 107 |99 94 53 151 (124 |8 12 17 |21 58 158 |77 72 59 123 |2 125 |157 (50
62 109 |75 42 146 (118 |[153 |85 10 131 |70 32 41 24 143 (113 |1 93 162 |20 35 74 45
149 (161 (173 |4 28 23 127 (148 |34 61 96 144 (171 (140 (119 (16 126 |39 40 57 165 |[106 (172
139 |81 47 164 |92 63 105 (108 (170 |3 135 [101 (121 |68 6 111 |65 147 (150 (122 |7 84 46
nns 22 103 |86 169 (134 (44 175 |167 |89 128 |27 31 56 43 102 (156 (160 (141 |67 9 110 [159 (133
78 154 (176 (174 |5 82 11 25 80 130 |[163 |88 36 166 (137 |104 |48 129 |87 95 55 49 145
178 |0 98 64 54 100 |37 79 69 38 177 (136 (114 |17 52 19 30 97 51 168 (132 (138 |83
76 13 18 115 |71 91 179 (112|155 |15 14 26 60 29 116 |66 120 |142 |152
91 19 11 106 |14 40 20 67 32 22 31 23 78 68 79 141 (117 |95 88 136 |52 121 |1
133 |4 2 21 122 |38 12 69 11 |81 82 58 46 112 |60 33 73 53 92 75 48 47 110
80 76 138 |87 85 65 130 |57 102 (83 64 86 100 |39 49 125 (108 (119 (6 118 |35 61 7
30 45 94 26 116 |98 37 55 44 70 25 7 34 114 135 (128 |137 |84 51 28 97 27 89
12113 29 62 50 139 |56 109 |77 59 127 |142 |96 105 |99 90 13 124 (120 (115 (126 (143 (149 |74 41
178 [129 (18 131 |42 165 (101 (134 |36 140 (132 103 |72 164 |93 54 166 |43 123 (113 |0 154 |10
63 107 |162 |157 |66 104 (17 147 (167 (174 |179 |3 173 |[160 (155 (161 152 |156 |177 |24 170 |9 159
16 15 148 |5 146 (163 (172 (175 |151 |169 |176 |150 |153 |171 |158 |168 |[144 |8 145
49 2 57 47 31 35 24 39 59 0 45 41 55 53 51 37 33 43 56 38 48 32 50
23 34 54 1 36 44 52 40 58 122 |46 42 30 3 75 73 65 145 |71 79 67 69 83
85 147 |63 81 77 61 5 26 62 64 74 70 82 149 |76 4 78 84 80 86 66 68 72
13115 60 154 (103 |95 101 (143 |9 89 141 (128 |97 137 (133 |7 13 99 91 93 87 11 136 |90
88 94 10 8 14 96 104 |92 132 [142 (100 |98 12 102 [152 (139 |150 |106 |146 |130 |27 108 |[153
112 (114 |29 110 (134 (116 |15 127 (125 (123 (120 |148 |151 |113 |126 |124 |135 |129 |109 |25 28 158 117
105 (115 (111 (131 (107 (121 |18 170 |164 (20 140 (160 (166 (162 (119 (155 |168 |178 |22 174 (172 (176 |16
157 (159 (171 (161 |118 |17 163 |21 165 (19 179 (177 [167 (138 (173 (156 |144 |169 |175
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Table B.1.6 4096QAM (Nimer = 64800)

Order of Group-Wise Interleaving
n(j) (0 < j < 180)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Code 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
Rate |69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91
92 93 94 95 96 97 98 99 100 |[101 (102 (103 (104 (105 (106 (107 |108 |109 |110 |111 |112 |113 |114
115 (116 (117 (118 |119 |120 |121 |122 |123 |124 |125 |126 |127 |128 |129 |130 |[131 |[132 |[133 (134 (135 (136 (137
138 [139 (140 (141 |142 |143 |144 |145 |146 |147 |148 |149 |150 |151 |152 |153 |[154 |[155 (156 |[157 (158 (159 (160
161 |[162 (163 (164 |165 |166 |167 |168 |169 |170 |171 |172 (173 |174 (175 |176 |[177 |[178 [179
14 129 |71 96 171 |36 144 |64 162 |4 86 128 (113 |7 105 (131 |2 133 [106 (79 11 152 |26
118 |[158 (126 (17 55 45 111|138 |84 6 52 167 |38 20 101 |31 120 |5 112 |74 69 121 |9
154 |15 146 [116 |63 1 114 |83 124 109 (39 75 123 |57 49 30 21 40 43 77 157 |44 13
99 34 147 |166 |56 155 [176 (95 102 [119 (161 |37 159 |97 68 122|163 (89 61 107 |22 10 127
s 87 103 (179 |172 |66 59 8 145 |88 132 110 |54 47 153 |25 32 73 42 148 |150 |28 91 18
24 19 53 136 |48 76 35 151 (173 (149 |142 |160 |94 117 [169 (165 |141 |80 67 170 |[164 (82 65
60 135 |[168 |23 100 |[134 |90 98 125 (85 137 |81 41 156 |50 3 29 16 72 177 |0 78 62
139 |93 46 12 175 |[130 |51 178 |92 115 (174 |27 70 58 33 104 (140 (108 (143
136 |20 44 36 17 120 |89 142 |66 35 42 116 |14 119 |17 |29 47 125 (11 158 |74 25 37
175 |41 145 (100 (131 |[173 |179 |16 77 112 |40 58 23 82 168 |[106 |83 34 49 122 |2 157 107
79 137 |53 96 33 70 19 38 121 |90 118 |[126 (165 (109 (154 (140 |10 178 [143 (92 63 176 |146
134 (177 (139 |3 113 (172 |9 50 138 |61 93 94 88 132 105 (151 |170 |86 12 1 7 56 59
ns 101 [155 (95 54 85 13 39 15 76 130 |97 110 (174 |72 150 |55 73 99 111|162 |26 21 156
28 160 |[149 (133 |104 |81 69 84 4 6 147 |48 115 [169 (127 (161 |71 68 80 91 98 8 57
171 |[135 |52 5 141 |65 75 163 |43 144 167 (159 (129 |46 31 30 166 |0 148 (128 (102 (103 |60
32 18 51 87 114 |64 22 164 |24 123 |27 62 124 |152 |78 108 |67 153 |45
91 52 36 30 35 6 121 |29 150 |47 163 |2 89 39 65 157 |64 122 {101 (40 84 69 90
129 |10 9 15 162 |21 171 |43 44 132 (158 (104 |4 72 169 (177 |103 |76 28 78 53 1 151
161 |88 148 |42 160 (109 (100 (126 (138 (108 |38 25 3 112 |17 124 [155 (172 (134 (86 119 |94 145
178 |68 26 130 (140 (115 (152 (139 |37 22 102 |14 118 |11 98 154 |61 146 |[164 (107 (131 (159 |63
ans 93 7 79 5 137 |165 |59 77 55 80 117 |13 173 [144 (85 153 |66 106 |49 34 48 41 143
142 |27 136 |18 111 (175 |[123 |147 |114 |19 125 |[166 (149 (113 |46 31 141 |120 |57 74 8 20 96
170 [128 |97 16 60 110 |[156 (45 82 105 |62 99 23 92 32 50 73 56 167 |95 24 168 |33
116 |75 127 |81 67 179 (174 |70 12 58 87 176 |0 51 135 |83 133 |54 71
146 |89 57 16 164 (138 |91 78 90 66 122 |12 9 157 |14 68 112|128 |74 45 28 87 158
56 61 168 |18 161 |95 99 139 |22 65 130 (166 (118 (150 (49 142 |44 36 1 121 |6 46 29
88 47 0 58 105 |43 80 64 107 |21 55 151 |8 145 |163 |7 98 123 |17 11 153 |136 (52
515 3 13 34 160 (102 (125 (114 (152 |84 32 97 33 60 62 79 37 129 |38 165 |71 75 59 144
127 132 (104 |53 162 |103 |[120 |54 155 [116 (48 77 76 73 113 (119 (179 (177 |41 19 92 109 (31
143 [178 (108 |39 140 |106 |40 5 25 81 176 [101 (124 (126 (72 11 |4 173 |156 (134 |86 174 |2
170 |35 175 (137 |15 24 69 96 30 117 |67 171 (149 |169 |63 23 20 167 |27 147 |51 10 82
131 |85 110 |94 135 [172 |148 |50 154 |42 70 115 |26 83 141|100 [133 |93 159
66 21 51 55 117 |24 33 12 70 63 47 65 145 |8 0 57 23 71 59 14 40 42 15
56 2 43 64 58 67 53 68 61 39 52 69 1 22 31 161 |38 30 19 17 18 4 41
25 44 136 |29 36 26 126 (177 |62 37 148 |9 13 45 46 152 |50 49 27 77 60 35 48
178 |28 34 106 |[127 |76 131 [105 138 |75 130 |[101 [167 |54 173 (113 [108 |92 135 (124 121 |97 149
613 143 |81 32 96 3 78 107 |86 98 16 162 [150 (111 (158 (172 (139 |74 142 (166 |7 5 119 |20
144 {151 (90 11 156 |100 (175 |83 155 [159 (128 |88 87 93 103 |94 140 (165 |6 137 157 (10 85
141 (129 (146 (122 |73 112 132 (125 (174 (169 (168 |79 84 118 179 |147 |91 160 (163 (115 |89 80 102
104 |[134 (82 95 133 |[164 (154 |120 |110 |170 |114 |153 |72 109 (171 |176 |99 116|123
59 122|161 |93 37 112 (111 |62 42 102 (119 |72 60 144 |34 120 |46 31 129 (172 |149 |94 65
715 9 0 76 13 61 3 70 40 78 127 |35 145 |28 48 162 |92 73 6 134 |66 160 |133 |[101
4 5 87 106 |79 104 (168 (163 (170 (57 83 44 54 110 |30 50 82 10 148 |98 41 22 96
49 90 100 |29 39 175 |38 109 (91 74 159 (139 (177 |71 47 146 |63 86 45 123 |33 138 |51
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89 88 167 |80 142 (108 |69 7 103 |115 (99 135 |36 11 166 (169 |8 165 |68 173 (140 (95 179
2 125 105 |1 116|150 (174 |15 75 64 176 |81 55 130 |[151 |156 |53 171 |16 113 |24 117 |154
157 [164 (143 (12 56 152 |20 85 84 7 158 (107 (32 163 [147 (132 |124 |52 121 |58 118 [137 (114
97 19 155 |67 25 17 126 |23 43 27 21 136 131 |26 14 18 128 141|178
7 48 82 51 57 69 65 6 7 90 84 81 50 88 61 55 53 73 39 13 79 75 41
18 38 89 49 93 36 64 47 40 42 76 70 56 3 72 2 54 52 145 |19 78 80 63
87 67 86 10 1 58 17 14 175 |91 68 85 94 15 43 74 60 66 37 92 4 9 16
83 46 44 102 |30 112 (122 (110 |29 20 105 (138 (101 (174 (33 137 (136 (131 (166 (59 34 62 125
ans 28 26 45 24 23 21 157 |98 35 95 22 32 103 |27 113 |31 119 173 |[168 |118 |120 |114 |149
159 (165 (179 (160 (161 |130 |123 |172 |139 |124 |153 |0 109 (167 (128 (107 (117 |147 |177 |96 164 [152 |11
148 (158 (129 (163 |176 |151 |171 |8 106 |144 (150 (169 (108 (162 (143 (111 141 |133 |178 |134 |146 |99 132
142 (104 (115 (135 (121 |[100 (12 170 (156 (126 |5 127 (154 |97 140 (116 (165 |7 25
67 79 72 175 |1 92 63 65 36 73 18 3 43 78 5 40 82 20 15 76 28 84 59
91 93 54 58 60 2 19 66 44 85 48 0 50 166 |89 41 24 83 75 55 64 52 98
39 141 |34 74 33 45 99 46 10 69 94 101 |56 9 97 96 37 14 31 70 106 |[113 (80
015 62 100 |13 32 88 57 127 |53 68 146 |61 7 107 |71 51 161 |81 49 86 95 103 |30 25
126 |87 22 47 27 171 (102 |6 132 |77 90 38 167 |4 35 26 118 |[140 (104 (128 |179 |124 |109
159 |42 110 |21 105 (148 (142 (134 |23 117 (122 |160 |12 154 (114 (166 |151 |145 |169 |11 139 (177 (129
155 (178 (138 (176 (147 |121 |136 |165 |170 |133 |149 |150 |174 |168 |125 |116 |[115 |164 |29 119 (163 (157 [162
173 (112 (144 (172 (123 (137 |16 120 (131 (111 |135 |163 |17 130 (152 (108 |8 158 [143
36 21 17 |71 38 108 |42 61 13 88 97 68 2 67 50 64 95 63 100 |9 82 51 45
78 31 18 103 |39 119 |25 40 28 72 1" 73 86 131 |84 11 |24 58 60 81 37 89 1
93 56 69 96 35 57 116 |[130 |55 74 41 169 |54 14 26 65 83 165 (107 (O 52 144 |75
101 |8 115 (118 |85 48 112 |80 90 32 173 |76 33 16 7 164 [104 (46 20 98 109 (29 114
1ons 110 |99 53 133 |70 87 106 (145 |4 13 |27 59 34 5 102 (148 (142 |79 19 44 159 |[174
155 |[136 (94 43 49 152 [161 (66 3 121 (135 147 |17 157 |30 153 |[154 (137 (168 (92 149 |171 (10
177 (134 (143 (176 |179 |105 |172 |47 146 |160 (23 175 (141 |91 140 (163 (132 |6 126 (124 |12 170 |167
151 125 (139 (150 (15 129 (162 (120 (166 (156 |62 158 (178 (128 (127 |22 122 123 |138
7 97 3 44 119 |72 83 116 |40 0 11 |8 68 43 24 102 |49 92 65 31 93 60 17
76 89 118 |70 87 15 67 22 59 95 46 38 125 |48 58 140 (104 (73 47 14 120 |1 50
80 63 62 45 9 25 114 |19 82 54 150 (121 (130 (123 (37 55 23 98 81 122 {103 (85 126
101 |78 5 128 (148 |57 12 107 |36 2 109 |52 39 66 115 |42 156 |90 51 91 29 84 18
nns 144 |10 94 64 100 |86 71 27 30 32 110 |33 113 [131 (35 34 112 |26 108 |16 61 56 75
41 117 |69 172 |96 149 (127 (124 (173 (13 74 105 |53 161 (146 174 |79 88 28 129 (134 (139 (136
145 (170 (135 (158 |1564 |162 |7 169 |99 106 (137 |[165 |143 |4 175 (138 |[133 (171 |168 |147 |167 |141 |163
176 (179 (142 |11 177 (183 |151 |159 |132 |20 164 |6 157 (178 |21 166 [155 (160 (152
110 |16 64 100 |55 70 48 26 60 71 93 1 59 88 97 136 |67 94 90 72 49 23 41
92 9 35 37 113 (101 (111 (8 52 56 19 134 |151 |84 126 (159 |63 44 65 139 (31 57 103
22 116 [172 |38 95 36 46 141 (114 |4 106 [149 (85 86 66 51 121 (105 |[109 |87 6 135 [127
47 123 |39 10 148 |43 131|147 |45 143 |5 108 |81 2 140 (120 (132 |76 58 137 |18 29 125
12113 17 30 32 156 [133 (78 91 161 (104 (174 |53 61 50 74 7 33 171|138 |28 69 112|119 (12
102 |20 167 |99 122|117 |24 98 115 |124 (42 7 79 75 128 |82 68 80 3 1" 54 96 40
129 (142 (107 |73 175 |14 83 150 (165 (118 |89 130 |15 163 |34 166 |[173 (146 (168 (153 (154 (177 |62
145 |0 178 [185 157 (179 |144 |158 |152 |13 25 176|162 (169 (164 |27 21 160 |[170
87 50 6 42 82 54 96 0 62 124 (109 (126 |23 64 53 20 41 111|145 (135 |68 2 122
128 (107 |7 28 14 125 |[136 (154 (10 92 99 84 86 151 108 |24 94 148 |29 123 |13 88 52
35 61 102 (132 |95 70 40 129 (101 (36 51 150 (142 (152 (121 (131 |116 |97 104 |31 59 137 |83
13115 112|113 |57 7 32 93 49 58 117 |78 1 149 |37 11 100 |85 79 72 66 130 (18 63 55
91 46 146 |21 143 |44 110 |75 138 |16 76 45 114 |144 (119 |38 140 |65 30 133 [1563 (33 89
7 115 |105 |90 56 25 103 [147 |73 60 47 118 |27 69 9 74 48 19 39 43 34 81 139
3 164 (106 (134 |5 67 80 141 (120 (98 155 |8 156 |[162 (163 (165 |26 161 (168 (176 (159 (170 |4
127 |22 173 (157 171|178 |168 |17 174|179 (167 |12 172|166 (160 (177 (169 (175 |15
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B.2 PERMUTATION SEQUENCES OF GROUP-WISE INTERLEAVING FOR Ninner = 16200

(Ngrour = 45)

Table B.2.1 QPSK (]Vinner = 16200)

Order of Group-Wise Interleaving

n(j) (0 £ j < 45)

Code
Rate 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 1
s 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 44

15 22 34 19 7 17 28 43 30 32 14 1 11 0 9 10 38 24 4 23 18 27
ns 39 29 33 8 2 40 21 20 36 44 12 37 13 35 31 26 16 25 42 5 41

0 2 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 1
ans 3 5 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 44

35 7 29 11 14 32 38 28 20 17 25 39 19 4 1 12 10 30 0 44 43 21
5ns 5 13 34 37 23 15 36 18 42 16 33 31 27 22 3 6 40 24 41 9 26

7 4 0 5 27 30 25 13 31 9 34 10 17 11 12 15 16 18 19 20 21 22
613 23 1 35 24 29 33 6 26 14 32 28 2 3 36 37 38 39 40 41 42 43 44

3 7 1 4 18 21 22 6 9 5 17 14 13 15 10 20 8 19 16 12 0 11 2
s 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

0 2 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 1
8ns 3 5 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 44

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
9Ms 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

1 4 5 6 24 21 18 7 17 12 8 20 23 29 28 30 32 34 36 38 40 42 0
1ons 2 3 14 22 13 10 25 9 27 19 16 15 26 11 31 33 35 37 39 41 43 44

0 2 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 1
1ns 3 5 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 44

0 2 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 1
12115 3 5 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 44

26 10 12 38 28 15 0 44 34 24 14 8 40 30 20 13 42 32 22 11 9 36 25
1313 7 5 37 27 4 16 43 33 23 2 18 39 29 19 6 41 31 21 3 17 35 1
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Table B.2.2 16QAM (Code length = 16200 bits)
Order of Group-Wise Interleaving
Code n(j) (0% <45)
Rate [0 1 2 |3 |4 |5 |8 |7 |8 |o 10 |11 |12 |13 |14 |15 |16 |17 |18 |19 |20 |21 |22
23 |24 |25 |26 |27 |28 |29 [30 (31 (32 (33 (34 (35 |36 (37 |38 (39 |40 |41 |42 |43 |44
s |5 (33 |18 8 |29 |10 |21 |14 |30 |26 |11 |28 |7 |4 |7 |6 |24 |44 |38 |31 [34 |43 |13
0 15 |42 |17 |2 |20 |12 |40 [39 (35 (32 |1 3 |41 (37 |9 |25 |19 (22 [16 (28 |36
s 18116 5 |20 [26 |43 |23 |6 1 24 |7 19 |37 |2 |27 |3 10 [15 [36 |39 |22 |12 |35
33 |4 17 |30 31 |21 |9 11 |41 o |32 |20 |40 |25 34 (38 [28 [14 |44 [13 |42
s 1313 19 |35 |25 |2 177 |36 |26 |38 |0 |40 |27 |10 43 |21 |28 |15 |6 1 37 |18
30 (32 (33 (29 (22 |12 [13 |5 |23 |44 |14 |4 |31 |20 |30 |42 |11 |9 16 |41 |8 |24
sis |23 (39 |2 [ |29 o 10 |25 |17 |7 |21 |44 |37 |8 (34 |20 |1 4 (31 |11 |42 |22
13 |12 |28 (26 (43 (30 (14 |16 (23 |24 |15 [5 [18 |9 [36 |6 19 (32 |40 |41 |35 |27
g1 L1213 |15 [30 27 |25 |11 [34 |9 4 31 |22 |6 (32 |7 |21 [17 |3 1 26 (10 (33 |19
2 18 |5 |28 |35 |8 16 |29 [23 |14 20 (24 (36 |37 (38 (39 (40 [41 (42 (43 |44
s |93 (32 (8 |16 |17 |29 [33 [14 |10 2 |20 |15 |40 (39 [12 (22 (23 (34 (31 |13 |44
43 (36 |24 (37 [42 Jo |9 |4 |21 |5 |35 |26 |41 |7 |28 |11 |25 |8 18 |1 30 |27
s 6|5 |22 |26 |1 13 |3 |33 |9 |6 |23 |20 |35 |10 |17 |41 |30 |15 |21 |42 |29 |11 |37
4 |2 |38 |44 |0 18 |19 |8 |31 |28 |43 |14 |34 (32 |25 |40 |12 |16 |24 (39 |27 |7
os |18 19 |2 |5 |30 |20 |11 |22 |12 |15 |o (3 |37 (38 (39 (26 (14 (34 (35 (16 |13 |18
42 |7 10 |25 [43 40 |17 |41 |24 (33 (31 (23 (32 |21 27 (28 (8 |9 |29 |1 44
s 12711 |20 | 7 |5 |29 (35 |9 10 (34 |18 |25 |28 13 |17 |o |23 |16 |41 |15 |19
44 |24 (37 |4 [31 |8 (32 [14 |42 |12 40 (30 (36 (39 (43 (21 [3 [22 (26 (33 |38
ams 214 41 [8 13 0 |24 [3 |22 32 (10 |9 (3 (37 [20 |11 |25 |16 |20 |21 |35
34 |15 |1 6 14 |27 |30 33 |12 |17 |28 |23 |40 |26 31 (38 [39 (18 (19 |42 |43 |44
s 1318 27 |2 |23 |10 [30 |22 |28 |24 |20 (37 |21 |4 14 |11 |42 |16 |9 15 |26 |33
40 |5 44 (34 |18 |0 [32 (29 (19 |41 (38 [17 |25 (43 [35 (36 [13 39 |12 |1 31
a5 2|7 |20 [43 [20 |13 |32 |30 |25 o 17 |18 |9 1 41 |42 |6 (33 |28 |14 |16 |11 |39
40 (15 |4 (23 |5 |2 |24 |22 [38 [10 |8 19 34 |26 |36 [37 |27 |21 (31 (3 (35 |44
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Table B.2.3 64QAM (Nier = 16200)
Order of Group-Wise Interleaving

Code n(j) (0% <45)

Rate [0 1 2 3 |4 |5 s 7 |8 |9 10 |11 |12 |13 |14 |15 |16 |17 |18 |19 |20 |21 |22
23 |24 |25 |26 |27 |28 |29 [30 (31 (32 (33 (34 (35 |36 (37 |38 (39 |40 |41 |42 |43 |44

s 17 1 |4 38 [19 |25 |2 (43 (15 |26 [18 [14 |9 |29 |44 |32 o |5 |35 |10 |1 12 |6
36 (21 (33 (37 (34 |3 (31 |20 [16 |40 [23 |41 |22 |30 |39 [13 |24 |17 {42 |28 |8 |27

s |93 (22 6 (20 |25 |23 |36 [7 |8 |24 |16 |7 43 |11 (36 |5 (28 [13 |4 |3 17 |15
38 [20 [0 [26 [12 |4 39 (31 [41 [44 f30 [9 (21 [42 [18 [14 [32 |10 |2 37 (33 |40

s |34 (32 37 |5 |8 13 |15 |30 |31 |22 |25 |42 |20 |23 |17 |1 40 |44 |12 |6 |43 |7
29 (33 (16 [11 [0 [35 |4 14 |28 |21 24 (19 |18 (36 [10 [38 (26 |2 39 (27 |9

s |54 |8 39 (37 |2 11 |7 o 12 |4 31 (33 (38 (43 (21 (26 [13 (28 [29 |1 27 |18
177 34 |3 {42 |10 {19 |20 (32 (36 (40 |9 (41 |5 (35 (30 [22 [15 |16 |6 |24 [23 |14

o5 |B1_[12 (39 [32 30 |24 |28 |15 |38 |23 |27 |41 o |6 17 |37 |42 |20 |11 |4 |40 |2 |3
26 |10 |7 13 |25 |1 18 |8 |5 14 |36 35 33 |22 |9 |44 |16 (34 (19 |21 |29 |43

s |2 14 |10 o |37 |42 |38 |40 |24 {20 {28 (35 (18 |16 |20 (27 |41 (30 [15 (19 |9 |43 |25
3 |e 31 (32 (26 (3 [17 |1 13 |5 |39 33 |4 |8 |23 |22 (11 (34 |44 |12 |21

S 20 (43 |17 |33 |22 [23 [25 [13 |0 10 |7 |21 |1 19 |26 |8 14 |31 |35 |16
5 (29 [40 |11 |9 |4 (3 |15 |42 |32 |28 |18 37 30 (39 |24 |41 (3 (38 |27 |12 |44

o5 |Z_I5 4 (38 |40 |1 3 17 |11 |37 |10 |41 o 15 |25 a4 |14 |27 18 |20 |35 |16
0o |e 19 |8 |22 |20 |28 {34 (31 (33 (30 (32 (42 [13 |4 (24 [26 |36 23 (12 |39

s LA_[22 18 |11 |28 |26 |2 38 [10 [0 |5 12 |24 |17 |29 |16 (39 |13 |23 |8 |25 |43 |34
33 (27 |15 |7 1 9 (35 (40 [32 (30 (20 (36 (31 |21 |41 |44 [3 |42 |6 19 |37 |4

s BL|20 |21 |25 |4 16 3 17 |24 |5 10 |12 |28 |6 19 |8 15 [13 |11 |20 |22 o7
14 |23 |34 |26 |18 |42 37 (44 (39 (33 (35 (41 |0 (36 |7 [s0 |38 |1 30 (32 |43

s 711 |14 |7 [31 |10 26 [0 |32 |29 |22 (33 [12 |20 (28 (27 (39 [37 |15 |4 |5 |8
13 |38 |18 (23 (34 |24 1 9 16 (44 |21 |3 |36 |30 |40 [35 (43 (42 |25 |19 |41

s |27 15 |10 |11 |12 |13 |6 |21 |17 |14 |20 |26 |8 |25 (32 (34 (23 |2 |4 (31 [18 |5
27 |29 |3 38 (36 (39 (43 (41 (42 (40 |44 |1 28 (33 (22 [16 [19 |24 |0 30 (35 |37
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Table B.2.4 256QAM (Niuer = 16200)
Order of Group-Wise Interleaving

Code n(j) (0% <45)

Rate [0 1 2 3 |4 |5 s 7 |8 |9 10 |11 |12 |13 |14 |15 |16 |17 |18 |19 |20 |21 |22
23 |24 |25 |26 |27 |28 |29 [30 (31 (32 (33 (34 (35 |36 (37 |38 (39 |40 |41 |42 |43 |44

s 3113 38 |9 4 |6 |4 18 |15 |1 21 |19 |42 |20 |12 [13 [30 |26 [14 |2 10 |35 |28
44 |23 |11 |22 [16 (29 |40 (27 (37 (25 (41 |5 (43 |39 |36 |7 |24 32 |17 |33 |8 o

s |5 122 (2 126 |29 o7 |16 |1 4 |25 |41 |21 |12 |2 |6 8 |7 19 |44 |42 |30 |40 |43
35 [10 [28 [13 (15 [37 (32 |3 |24 |36 |38 |11 |18 |33 30 |14 |9 (34 |20 |o 17 |31

s 138120 [0 34 (33 [41 [14 (30 (44 |7 |37 |8 |4 |9 |43 |15 |19 |32 |23 |5 |22 |26 |10
12 |3 |31 (36 |21 |24 |11 |16 |18 |17 |29 [35 [42 (13 |40 |1 28 |2 |25 |6 [39 |27

s |12 6 18 |5 Jo |2 |7 26 |21 |27 |39 |42 (38 |31 |1 34 |20 (37 [40 [24 |43
25 (33 22 (36 (30 (35 (11 [10 [17 (32 [13 [12 |41 [15 |14 |19 |16 |8 |44 |20 |28

o1 7|13 (26 [24 14 |21 | 37 |2 |3 11 |22 |18 |5 10 |23 |12 |4 |26 |16 |38 |36 |33
39 [0 e 7 [31 (32 (34 |27 (35 |15 |9 30 (28 [19 (8 |20 (20 |40 |41 (42 |43 |44

s 13116 12 |44 |15 |8 14 o |3 |30 |20 |35 |21 |10 |6 19 |17 |26 (39 |7 |24 |9
27 |5 |37 [23 [32 (40 (31 (38 (42 (34 |25 |36 |2 |22 [43 |33 |28 |1 18 |11 |41 |29

a5 14112 12 |6 |33 |1 13 |11 |26 |10 |39 |43 (36 |23 |42 |7 |44 |20 |8 38 [18 |22 |24
40 |4 |28 [29 [19 |14 |5 9 [0 (30 [25 (35 (37 |27 (32 [31 (34 |21 |3 15 |17 |16

s |17 |9 (22 |10 |12 |3 |43 |6 4 |24 |13 |14 |11 |15 |18 |19 |17 |16 |41 |25 |26 |20
23 |21 (33 [31 (28 (39 (36 (30 (37 |27 (32 |34 35 20 |2 |42 |o 1 8 |40 [38 |44

s 12820 18 38 |39 |2 |3 30 [19 |4 14 |36 |7 Jo |25 |17 |10 |6 |33 |15 |8 |26 |42
24 |11 |21 (23 [5 (40 |41 |29 (32 (37 |44 (43 (31 |35 34 |22 |1 16 |27 |9 13 [12

s 18 13 |0 11 |9 |4 |36 |37 |16 |3 10 |14 |24 20 [33 (34 (25 |2 |21 (31 [12 |19 |7
5 |27 |23 |26 |1 18 |22 |35 |6 |32 |30 (28 |15 |29 |17 (39 (38 |40 |41 (42 |43 |44

s 12821 |10 |15 |8 22 |26 |2 14 |1 27 |3 (39 |20 (34 (25 [12 |6 |7 |40 (30 |29 |38
16 |43 |33 |4 |35 32 [5 (3 [0 (41 (37 (18 |17 [13 |24 |42 |31 |23 |19 [11 |44

a5 12 13 [10 |7 11 1 14 |12 |8 |21 |15 |4 (36 |25 (30 |24 |28 |29 |20 |27 |5 18
17 |22 (33 |0 16 (23 |31 |42 |3 |40 |39 |41 [43 (37 |44 |26 |2 19 (38 [32 |35 |34
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Annex C: Constellation Definitions and Figures

C.1 CONSTELLATION DEFINITIONS

This Annex contains the definitions of the constellations used. Table C.1.1 describes the mapping
for QPSK. Table C.1.2 to Table C.1.7 define the position vectors for the NUCs from 16QAM up
to 256QAM. Table C.1.8 to Table C.1.11 summarize the position vectors for the NUCs for
1024QAM and 4096QAM.

Table C.1.1 QPSK Definition Table for All Code Rates

Input Data Cell y Constellation Point zs
00 (1 +j1)N2

01 (-1+j1) N2

10 (+1-j1) N2

11 (-1-j1) N2

Table C.1.2 16QAM Definition Table for Code Rates 2/15-7/15

w/CR 2/15 3/15 4/15 5/15 6/15 7115

w0 0.7062+j0.7075 |0.3620+j0.5534 |0.3412+j0.5241 |0.3192+j0.5011 |0.5115+j1.2092 |0.2592+j0.4888
w1 0.7075+j0.7062 |0.5534+j0.3620 |0.5241+j0.3412 |0.5011+j0.3192 |1.2092+j0.5115 |0.4888+j0.2592
w2 0.7072+j0.7077 |0.5940+j1.1000 [0.5797+j1.1282 |0.5575+j1.1559 |0.2663+j0.4530 |0.5072+j1.1980
w3 0.7077+j0.7072 |1.1000+j0.5940 [1.1282+j0.5797 |1.1559+j0.5575 |0.4530+j0.2663 |1.1980+j0.5072

Table C.1.3 16QAM Definition Table for Code Rates 8/15-13/15

w/CR 8/15 9/15 10/15 11/15 12/15 13/15

w0 0.2535+j0.4923 |0.2386+j0.5296 |0.4487+j1.1657 |0.9342+j0.9847 |0.9555+j0.9555 |0.9517+j0.9511
w1 0.4923+j0.2535 |0.5296+j0.2386 |1.2080+j0.5377 |0.9866+j0.2903 |0.9555+j0.2949 |0.9524+j0.3061
w2 0.4927+j1.2044 |0.4882+j1.1934 |0.2213+j0.4416 |0.2716+j0.9325 |0.2949+j0.9555 |0.3067+j0.9524
w3 1.2044+j0.4927 [1.1934+j0.4882 |0.6186+j0.2544 |0.2901+j0.2695 |0.2949+j0.2949 |0.3061+j0.3067
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Table C.1.4 64QAM Definition Table for Code Rates 2/15-7/15
w/CR 2/15 3115 4/15 5/15 6/15 7115
w0 0.6474+j0.9831 |0.5472+j1.1591 |0.5008+j1.2136 |1.4327+j0.3305 |1.4521+j0.3005 |0.1567+j0.3112
w1 0.6438+j0.9829 |0.5473+j1.1573 |0.4994+j1.2194 |1.0909+j0.2971 |1.2657+j0.8178 |0.1709+j0.3037
w2 |0.6471+j0.9767 |0.5467+j1.1599 |0.5313+j1.1715 |1.2484+j0.7803 |1.0666+j0.2744 |0.2093+j0.6562
w3 0.6444+j0.9762 |0.5479+j1.1585 |0.5299+j1.1788 |0.9762+j0.5715 |0.9500+j0.5641 |0.3315+j0.6038
w4 0.9839+j0.6475 [1.1578+j0.5478 [1.2107+j0.5037 |0.3309+j1.4326 |0.3011+j1.4529 |0.3112+j0.1567
w5 0.9778+j0.6474 |1.1576+j0.5475 |1.2209+j0.5008 |0.2979+j1.0923 |0.8202+j1.2651 |0.3037+j0.1709
w6 0.9835+j0.6434 [1.1591+j0.5475 |1.1715+j0.5299 |0.7829+j1.2477 |0.2750+j1.0676 |0.6562+j0.2093
w7 0.9777+j0.6433 [1.1591+j0.5475 |1.1802+j0.5270 |0.5739+j0.9763 |0.5656+j0.9499 |0.6038+j0.3315
w8 0.4659+j0.6393 |0.3163+j0.5072 |0.2744+j0.4762 |0.3901+j0.2112 |0.3553+j0.1948 |0.2959+j1.4877
w9 0.4643+j0.6386 |0.3163+j0.5072 |0.2729+j0.4762 |0.5317+j0.2475 |0.3569+j0.2094 |0.8427+j1.2612
w10 |0.4661+j0.6353 |0.3163+j0.5072 |0.2773+j0.4791 |0.3945+j0.2289 |0.5596+j0.2431 |0.2389+j1.0228
w11 |0.4639+j0.6350 |0.3163+j0.5072 |0.2773+j0.4791 |0.5236+0.2894 |0.5410+j0.3002 |0.5559+j0.8912
w12 |0.6378+j0.4671 |0.5087+j0.3163 |0.4762+j0.2729 |0.2108+j0.3911 |0.1946+j0.3566 |1.4877+j0.2959
w13 |0.6352+j0.4673 |0.5087+j0.3163 |0.4762+j0.2729 |0.2475+j0.5327 |0.2094+j0.3579 |1.2612+j0.8427
w14 |0.6385+0.4656 |0.5087+j0.3163 |0.4791+j0.2773 |0.2287+0.3955 |0.2430+j0.5607 |1.0228+j0.2389
w15 |0.6353+j0.4653 |0.5087+j0.3163 |0.4791+j0.2758 |0.2898+0.5246 |0.3004+j0.5417 |0.8912+j0.5559
Table C.1.5 64QAM Definition Table for Code Rates 8/15-13/15
w/CR 8/15 9/15 10/15 11/15 12/15 13/15
w0 |1.4827+j0.2920 |0.1305+j0.3311 [0.1177+j0.1729 |1.4443+j0.2683 |1.4480+j0.2403 |1.4319+j0.2300
w1 1.2563+j0.8411 |0.1633+j0.3162 [0.1601+j0.3212 |0.7471+j1.2243 |0.6406+j1.1995 |1.0762+j0.9250
w2 1.0211+j0.2174 |0.1622+j0.7113 |0.1352+j0.7279 [1.1749+j0.7734 |1.0952+j0.9115 |0.6290+j1.1820
w3 |0.8798+j0.5702 |0.3905+j0.6163 |0.3246+j0.6148 |0.7138+j0.8201 |0.6868+j0.8108 |0.6851+0.8072
w4 0.2920+j1.4827 |0.3311+j0.1305 |0.4192+j0.1179 |0.1638+j1.0769 |1.0500+j0.1642 |1.0443+j0.1688
w5 0.8410+j1.2563 |0.3162+j0.1633 [0.4033+j0.2421 |0.2927+j1.4217 |0.7170+j0.1473 |1.0635+j0.5305
w6 0.2174+j1.0211 |0.7113+j0.1622 |0.7524+j0.1581 |0.1462+j0.7457 |1.0519+j0.5188 |0.7220+j0.1540
w7 0.5702+j0.8798 |0.6163+j0.3905 |0.5996+j0.4330 |0.4134+j0.7408 |0.7146+j0.4532 |0.7151+j0.4711
w8  |0.3040+j0.1475 |0.2909+j1.4626 |0.2902+j1.4611 |1.0203+j0.1517 |0.1677+j1.0405 |0.2099+j1.4205
w9 0.3028+j0.1691 |0.8285+j1.2399 |0.8180+j1.2291 |0.6653+j0.1357 |0.2402+j1.4087 |0.1190+j0.6677
w10 |0.6855+j0.1871 |0.2062+j1.0367 |0.2036+j1.0575 |0.9639+j0.4465 |0.1369+j0.7073 |0.2031+j1.0551
w11 |0.6126+j0.3563 |0.5872+j0.8789 |0.5641+j0.8965 |0.6746+j0.4339 |0.4044+j0.7057 |0.3722+j0.7548
w12 |0.1475+j0.3040 |1.4626+j0.2909 |1.4453+j0.2907 |0.1271+0.1428 |0.1374+j0.1295 |0.1438+j0.1287
w13 |0.1691+j0.3028 |1.2399+j0.8285 |1.2157+j0.8186 |0.3782+j0.1406 |0.4185+j0.1357 |0.1432+j0.3903
w14 |0.1871+4j0.6855 |1.0367+j0.2062 |1.0447+j0.2242 |0.1311+j0.4288 |0.1325+j0.3998 |0.4298+j0.1384
w15 |0.3563+j0.6126 |0.8789+j0.5872 |0.8497+j0.6176 |0.3919+j0.4276 |0.4122+j0.4120 |0.4215+j0.4279
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Table C.1.6 256QAM Definition Table for Code Rates 2/15-7/15

w/Shape NUC_256_2/15

NUC_256_3/15

NUC_256_4/15

NUC_256_5/15

NUC_256_6/15

NUC_256_7/15

w0

0.5553+{1.1262

0.5229+j1.1810

0.2975+j1.0564

0.1524+j0.3087

0.1430+j0.3078

0.1170+j0.3003

w1

0.5673+1.1336

0.5384+1.1625

0.5862+j0.9617

0.1525+j0.3087

0.1430+j0.3077

0.11714j0.3003

w2

0.5593+j1.1204

0.5148+{1.1943

0.2909+j1.0696

0.1513+j0.3043

0.1413+j0.3003

0.1204+j0.3233

w3

0.5636+j1.1321

0.5288+{1.1751

0.5796+j0.9689

0.1513+j0.3043

0.1414+j0.3002

0.1204+j0.3233

w4

0.5525+j1.1249

0.4985+j1.2202

0.2953+j1.3357

0.1682+j0.3004

0.1637+j0.2973

0.1454+j0.2877

w5

0.5637+{1.1320

0.5111+j1.1973

0.7488+j1.2365

0.1682+j0.3005

0.1636+j0.2973

0.1453+j0.2877

w6

0.5598+j1.1181

0.4889+j1.2357

0.3004+j1.5114

0.1663+j0.2964

0.1604+j0.2905

0.1566+j0.3074

w7

0.5659+j1.1274

0.5045+{1.2113

0.8151+j1.3816

0.1663+j0.2964

0.1603+j0.2905

0.1565+j0.3074

w8

0.5579+j1.1381

0.5222+j1.1817

0.3004+j1.0535

0.1964+j0.6584

0.1768+j0.6686

0.1427+j0.6856

w9

0.5617+j1.1471

0.5370+j1.1640

0.5847+j0.9631

0.1965+j0.6583

0.1793+j0.6679

0.1562+j0.6826

w10

0.5593+j1.1346

0.5133+j1.1950

0.2931+{1.0659

0.1967+j0.6652

0.1769+j0.6707

0.1422+j0.6584

w11

0.5672+j1.1430

0.5303+j1.1751

0.5825+j0.9668

0.1968+j0.6652

0.1793+j0.6700

0.1529+j0.6560

w12

0.5533+j1.1355

0.4971+j1.2216

0.2953+j1.3189

0.3371+j0.5987

0.3506+j0.5961

0.3840+j0.5856

w13

0.5632+j1.1421

0.5126+j1.1995

0.7466+j1.2168

0.3370+j0.5987

0.3484+]0.5974

0.3723+j0.5931

w14

0.5567+{1.1325

0.4882+{1.2371

0.2960+{1.4654

0.3414+j0.6039

0.3523+j0.5975

0.3651+j0.5660

w15

0.5641+j1.1363

0.5045+{1.2128

0.8297+j1.3539

0.3413+j0.6039

0.3501+j0.5987

0.3559+j0.5718

w16

1.1309+j0.5597

1.1795+j0.5251

1.0637+j0.2960

0.3087+j0.1524

0.3078+j0.1430

0.3003+j0.1170

w17

.1405+j0.5660

1.1625+j0.5384

0.9617+j0.5811

0.3087+j0.1525

0.3077+j0.1430

0.3003+j0.1171

w18

1348+j0.5588

1.1914+j0.5133

1.0732+j0.2931

0.3043+j0.1513

0.3003+j0.1413

0.3233+j0.1204

w19

1491+j0.5638

1.1744+j0.5296

0.9682+j0.5818

0.3043+j0.1513

0.3002+j0.1414

0.3233+j0.1204

w20

1245+j0.5615

1.2209+j0.4993

1.3619+j0.2997

0.3004+j0.1682

0.2973+j0.1637

0.2877+j0.1454

w21

.1333+j0.5627

1.2002+j0.5148

1.2249+j0.7546

0.3005+j0.1682

0.2973+j0.1636

0.2877+j0.1453

w22

.1284+j0.5578

1.2342+j0.4882

1.5427+j0.3106

0.2964+j0.1663

0.2905+j0.1604

0.3074+j0.1566

w23

1.2142+j0.5052

1.3969+j0.8523

0.2964+j0.1663

0.2905+j0.1603

0.3074+j0.1565

w24

.1196+j0.5620

1.1803+j0.5229

1.0615+j0.2945

0.6584+j0.1964

0.6686+j0.1768

0.6856+j0.1427

w25

1347+j0.5665

1.1640+j0.5399

0.9631+j0.5818

0.6583+j0.1965

0.6679+j0.1793

0.6826+j0.1562

w26

.1379+j0.5611

1.1921+j0.5133

1.0710+j0.2924

0.6652+j0.1967

0.6707+j0.1769

0.6584+j0.1422

w27

1440+j0.5638

1.1758+j0.5303

0.9675+j0.5825

0.6652+j0.1968

0.6700+j0.1793

0.6560+j0.1529

w28

.1221+j0.5594

1.2209+j0.4971

1.3255+j0.2975

0.5987+j0.3371

0.5961+j0.3506

0.5856+j0.3840

w29

1318+j0.5686

1.2024+j0.5148

1.1979+j0.7495

0.5987+j0.3370

0.5974+j0.3484

0.5931+j0.3723

w30

1
1
1
1
1
1
1.1436+j0.5636
1
1
1
1
1
1
1

.1302+j0.5619

1.2349+j0.4889

1.4560+j0.3040

0.6039+]0.3414

0.5975+j0.3523

0.5660+j0.3651

w31

1.1386+j0.5662

1.2150+j0.5045

1.3269+j0.8414

0.6039+j0.3413

0.5987+j0.3501

0.5718+j0.3559

w32

0.3394+j0.5381

0.2740+j0.4771

0.2493+j0.5585

0.3183+{1.5992

0.2071+{1.6690

0.1683+j1.7041

w33

0.3397+j0.5360

0.2762+j0.4801

0.2960+j0.5344

0.3186+j1.5991

0.4482+j1.6210

0.4972+{1.6386

w34

0.3387+j0.5324

0.2733+j0.4757

0.2450+j0.5417

0.2756+j1.3848

0.2080+{1.3641

0.1495+j1.3560

w35

0.3400+j0.5335

0.2748+j0.4779

0.2873+j0.5191

0.2759+)1.3847

0.3307+j1.3397

0.3814+{1.3099

w36

0.3374+j0.5306

0.2703+j0.4742

0.2049+j0.3922

0.9060+j1.3557

1.0341+j1.3264

1.0862+j1.3238

w37

0.3405+j0.5343

0.2725+j0.4764

0.2173+j0.3806

0.9058+j1.3559

0.8297+j1.4630

0.8074+j1.5101

w38

0.3379+j0.5324

0.2696+j0.4727

0.1990+j0.3755

0.7846+j1.1739

0.8178+j1.1114

0.8534+]1.0644

w39

0.3400+j0.5317

0.2718+j0.4749

0.2107+j0.3645

0.7843+j1.1741

0.7138+j1.1809

0.6568+j1.1958

w40

0.3397+j0.5370

0.2740+j0.4779

0.2493+j0.5599

0.2257+j0.9956

0.1957+j0.9674

0.1552+j0.9481

w41

0.3400+j0.5383

0.2755+j0.4793

0.2975+j0.5351

0.2259+j0.9956

0.2170+j0.9629

0.2200+j0.9352

w42

0.3381+j0.5347

0.2725+j0.4757

0.2450+j0.5439

0.2276+j1.0326

0.1977+j1.0341

0.1577+j1.0449

w43

0.3382+j0.5347

0.2748+j0.4779

0.2887+j0.5213

0.2278+j1.0326

0.2288+j1.0277

0.2548+{1.0255

w44

0.3379+j0.5342

0.2711+j0.4734

0.2056+j0.3937

0.5446+j0.8635

0.5458+j0.8224

0.5609+j0.7800
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w45 0.3389+j0.5332 |0.2725+j0.4764 |0.2187+j0.3820 |0.5445+j0.8636 |0.5276+j0.8342 |0.5060+j0.8167
w46 0.3402+j0.5347 |0.2696+j0.4720 [0.1998+j0.3762 |0.5694+j0.8910 |0.5916+j0.8709 |0.6276+j0.8501
w47 0.3384+j0.5340 |0.2711+j0.4742 |0.2122+j0.3667 |0.5692+j0.8911 |0.5651+j0.8883 |0.5452+j0.9052
w48 0.5350+j0.3394 |0.4771+j0.2740 |0.5607+j0.2486 |1.5992+j0.3183 |1.6690+j0.2071 |1.7041+j0.1683
w49 0.5363+j0.3397 |0.4786+j0.2762 |0.5381+j0.2960 |1.5991+j0.3186 |1.6210+j0.4482 |1.6386+j0.4972
w50 0.5342+j0.3389 |0.4764+j0.2725 |0.5439+j0.2442 |1.3848+j0.2756 |1.3641+j0.2080 |1.3560+j0.1495
w51 0.5384+j0.3380 |0.4771+j0.2748 |0.5220+j0.2865 |1.3847+j0.2759 |1.3397+j0.3307 |1.3099+j0.3814
wb2 0.5329+j0.3363 |0.4734+j0.2703 |0.3908+j0.2049 |1.3557+j0.9060 |1.3264+j1.0341 |1.3238+j1.0862
w53 0.5330+j0.3387 |0.4757+j0.2725 |0.3813+j0.2173 |1.3559+j0.9058 |1.4630+j0.8297 |1.5101+j0.8074
wb4 0.5311+j0.3389 |0.4734+j0.2696 |0.3740+j0.1998 |1.1739+j0.7846 |1.1114+j0.8178 |1.0644+j0.8534
w55 0.5332+j0.3380 |0.4742+j0.2711 |0.3653+j0.2100 |1.1741+j0.7843 |1.1809+j0.7138 |1.1958+j0.6568
w56 0.5313+j0.3397 |0.4771+j0.2740 |0.5643+j0.2486 |0.9956+j0.2257 |0.9674+j0.1957 |0.9481+j0.1552
wb7 0.5324+j0.3400 |0.4779+j0.2762 |0.5410+j0.2967 |0.9956+j0.2259 |0.9629+j0.2170 |0.9352+j0.2200
w58 0.5339+j0.3402 |0.4764+j0.2725 |0.5475+j0.2435 |1.0326+j0.2276 |1.0341+j0.1977 |1.0449+j0.1577
w59 0.5360+j0.3405 |0.4771+j0.2748 |0.5257+j0.2880 |1.0326+j0.2278 |1.0277+j0.2288 |1.0255+j0.2548
w60 0.5285+j0.3397 |0.4742+j0.2703 |0.3937+j0.2049 |0.8635+j0.5446 |0.8224+j0.5458 |0.7800+j0.5609
w61 0.5317+j0.3379 |0.4749+j0.2725 |0.3850+j0.2187 |0.8636+j0.5445 |0.8342+j0.5276 |0.8167+j0.5060
w62 0.5319+j0.3381 |0.4734+j0.2696 |0.3762+j0.1998 |0.8910+j0.5694 |0.8709+j0.5916 |0.8501+j0.6276
w63 0.5327+j0.3395 |0.4749+j0.2711 |0.3689+j0.2114 |0.8911+j0.5692 |0.8883+j0.5651 |0.9052+j0.5452
Table C.1.7 256QAM Definition Table for Code Rates 8/15-13/15
w/Shape NUC_256_8/15 NUC_256_9/15 NUC_256_10/15 NUC_256_11/15 NUC_256_12/15 NUC_256_13/15
wO 0.0995+j0.2435 |0.0899+j0.1337 |0.0754+j0.2310 |0.0593+j0.2193 |1.1980+j1.1541 [1.2412+j1.0688
w1 0.0996+j0.2434 |0.0910+j0.1377 |0.0768+j0.2305 |0.0690+j0.3047 |0.9192+j1.2082 |1.2668+j0.8034
w2 0.1169+j0.3886 |0.0873+j0.3862 |0.0924+j0.4136 |0.0663+j0.4879 |1.2778+j0.8523 |0.9860+j1.1758
w3 0.1179+j0.3883 |0.0883+j0.3873 |0.1043+j0.4125 |0.1151+j0.4474 |1.0390+j0.9253 |1.0365+j0.9065
w4 0.1192+j0.2345 |0.1115+j0.1442 | 0.0829+j0.1135 |0.1689+j0.2163 |0.6057+j1.2200 [1.2111+j0.5135
wb 0.1192+j0.2345 |0.1135+j0.1472 | 0.0836+j0.1149 |0.1971+j0.2525 |0.7371+j1.4217 |1.4187+j0.6066
w6 0.1953+j0.3558 |0.2067+j0.3591 | 0.2682+j0.3856 |0.3096+j0.3796 |0.6678+j1.0021 |1.0103+j0.4879
w7 0.1944+j0.3563 |0.1975+j0.3621 | 0.2531+j0.3906 |0.2489+j0.3933 |0.8412+j0.9448 |1.0380+j0.6906
w8 0.1293+j0.7217 |0.1048+j0.7533 | 0.0836+j0.7817 |0.0790+j0.7970 |1.2128+j0.5373 |0.6963+j1.3442
w9 0.1616+j0.7151 |0.1770+j0.7412 | 0.2052+j0.7608 |0.2340+j0.7710 |1.0048+j0.5165 |0.7089+j1.1122
w10 0.1287+j0.6355 |0.1022+j0.5904 |0.0838+j0.6034 |0.0723+j0.6395 |1.4321+j0.6343 |0.1256+j1.4745
w11 0.1456+j0.6318 |0.1191+j0.5890 |0.1394+j0.5961 |0.1896+j0.6163 |1.0245+j0.7152 |0.8331+j0.9455
w12 0.4191+j0.6016 |0.4264+j0.6230 |0.4861+j0.6331 |0.5090+j0.6272 |0.6384+j0.6073 |0.6615+j0.6012
w13 0.3916+j0.6198 |0.3650+j0.6689 |0.3661+j0.7034 |0.3787+j0.7126 |0.8175+j0.5684 |0.6894+j0.7594
w14 0.3585+j0.5403 |0.3254+j0.5153 | 0.3732+j0.5159 |0.4079+j0.5049 |0.6568+j0.7801 |0.8373+j0.5633
w15 0.3439+j0.5497 |0.2959+j0.5302 | 0.3095+j0.5511 |0.3088+j0.5677 |0.8311+j0.7459 |0.8552+j0.7410
w16 0.2435+j0.0995 |0.3256+j0.0768 |0.3030+j0.0811 |0.0675+j0.0626 |0.1349+j1.4742 |1.2666+j0.1027
w17 0.2434+j0.0996 |0.3266+j0.0870 |0.3017+j0.0853 |0.3475+j0.0595 |0.1105+j1.2309 [1.4915+j0.1198
w18 0.3886+j0.1169 |0.4721+j0.0994 |0.4758+j0.0932 |0.5482+j0.0626 |0.0634+j0.9796 |1.0766+j0.0945
w19 0.3883+j0.1179 |0.4721+j0.1206 |0.4676+j0.1242 |0.4784+j0.1124 |0.1891+j1.0198 |0.9007+j0.0848
w20 0.2345+j0.1192 |0.2927+j0.1267 |0.2425+j0.1081 |0.1674+j0.0751 |0.4142+j1.4461 |1.2454+j0.3064
w21 0.2345+j0.1192 |0.2947+j0.1296 |0.2447+j0.1115 |0.2856+j0.1132 |0.3323+j1.2279 |1.4646+j0.3600
w22 0.3558+j0.1953 |0.3823+j0.2592 | 0.3837+j0.2813 |0.4134+j0.3028 |0.4998+j0.9827 |1.0570+j0.2995
w23 0.3563+j0.1944 |0.3944+j0.2521 | 0.3959+j0.2642 |0.4235+j0.2289 |0.3467+j1.0202 |0.9140+j0.2530
w24 0.7217+j0.1293 |0.7755+j0.1118 | 0.7929+j0.0859 |0.8258+j0.0840 |0.0680+j0.6501 |0.5461+j0.0679
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w25 0.71514j0.1616 |0.7513+j0.2154 | 0.7652+j0.2324 |0.7936+j0.2483 |0.2016+]0.6464 |0.5681+]0.1947
w26 0.6355+j0.1287 |0.6591+0.1033 | 0.6365+j0.0872 |0.6788+j0.0783 |0.0719+0.8075 |0.6874+j0.0537
w27 0.6318+j0.1456 |0.6446+0.1737 |0.6207+j0.1757 |0.6501+j0.2025 |0.2088+{0.8146 |0.7375+]0.1492
w28 0.6016+j0.4191 |0.5906+j0.4930 |0.6149+j0.5145 |0.6246+j0.5211 |0.4809+]0.6296 |0.6290+j0.4553
W29 0.6198+j0.3916 |0.6538+j0.4155 | 0.6987+j0.3934 |0.7241+j0.3961 |0.3374+j0.6412 |0.6007+j0.3177
w30 0.5403+j0.3585 |0.4981+0.3921 |0.5063+j0.4029 |0.5144+j0.4089 |0.4955+{0.8008 |0.7885+j0.4231
w31 0.5497+j0.3439 |0.5373+j0.3586 |0.5526+j0.3356 |0.5918+j0.3146 |0.3431+j0.8141 |0.7627+j0.2849
w32 0.1665+]1.6859 |0.1630+j1.6621 | 0.1598+j1.6262 |0.1631+j1.5801 |1.2731+j0.1108 |0.0816+j1.1632
w33 0.4919+j1.6211 |0.4720+j1.5898 | 0.4733+j1.5637 |0.4806+j1.5133 |1.0794+j0.0977 |0.0830+j0.9813
w34 0.1360+{1.3498 |0.1268+j1.3488 |0.1307+{1.3502 |0.1260+j1.3365 |1.5126+0.1256 |0.2528+j1.2315
w35 0.3914+{1.2989 | 0.3752+1.2961 |0.3877+{1.2983 |0.3750+j1.2897 |0.9029+j0.0853 |0.2502+j1.0100
w36 1.0746+j1.3096 | 1.0398+]1.2991 |1.0328+{1.2617 |1.0324+j1.2029 |0.5429+j0.0694 |0.0732+j0.6827
w37 0.7987+j1.4940 |0.7733+j1.4772 |0.7675+j1.4398 |0.7737+j1.3837 |0.6795+0.0559 |0.0811+j0.8293
w38 0.8585+{1.0504 | 0.8380+j1.0552 |0.8496+{1.0508 |0.8350+j1.0529 |0.5628+j0.1945 |0.2159+j0.6673
w39 0.6419+{1.1951 |0.6242+1.2081 |0.6297+{1.1967 |0.6147+j1.1949 |0.7326+0.1410 |0.2359+j0.8283
W40 0.1334+j0.9483 |0.1103+0.9397 |0.0910+j0.9531 |0.0929+j0.9596 |1.2283+j0.3217 |0.4302+j1.4458
w41 0.2402+j0.9271 |0.2415+j0.9155 | 0.2649+j0.9198 |0.2768+j0.9260 |1.0269+0.3261 |0.5852+]0.9680
w42 0.1323+{1.0786 |0.1118+{1.1163 |0.1080+{1.1340 |0.1095+{1.1349 |1.4663+0.3716 |0.4528+j1.2074
w43 0.2910+{1.0470 |0.3079+j1.0866 |0.3214+{1.0926 |0.3250+j1.0941 |0.9085+0.2470 |0.4167+j1.0099
w44 0.5764+j0.7648 |0.5647+0.7638 |0.5941+j0.7527 |0.6086+j0.7556 |0.6160+0.4549 |0.5035+j0.6307
w45 0.4860+j0.8252 |0.4385+j0.8433 | 0.4371+j0.8528 |0.4514+j0.8566 |0.7818+]0.4247 |0.5359+]0.7954
W46 0.6693+j0.8561 |0.6846+0.8841 |0.7093+j0.8880 |0.7161+j0.8933 |0.5938+j0.3170 |0.3580+]0.6532
w47 0.5348+j0.9459 |0.5165+1.0034 |0.5235+{1.0090 |0.5294+j1.0121 |0.7600+j0.2850 |0.3841+j0.8207
w48 1.6859+j0.1665 | 1.6489+j0.1630 |1.6180+j0.1602 |1.5809+j0.1471 |0.0595+j0.0707 |0.0576+0.0745
w49 1.6211+j0.4919 | 1.5848+j0.4983 | 1.5540+j0.4734 |1.5253+j0.4385 |0.1722+j0.0706 |0.0581+j0.2241
W50 1.3498+j0.1360 | 1.3437+j0.1389 |1.3411+j0.1336 |1.3380+j0.1363 |0.0599+j0.2119 |0.1720+j0.0742
w51 1.2989+j0.3914 | 1.2850+j0.4025 | 1.2883+j0.3955 | 1.2837+j0.4026 |0.1748+j0.2114 |0.1753+j0.2222
W52 1.3096+]1.0746 | 1.2728+j1.0661 |1.2561+]1.0337 |1.2476+j0.9785 |0.4134+j0.0701 |0.0652+0.5269
w53 1.4940+j0.7987 | 1.4509+j0.7925 |1.4311+j0.7676 |1.4137+j0.7196 |0.2935+j0.0705 |0.0611+j0.3767
w54 1.0504+j0.8585 | 1.0249+j0.8794 |1.0362+j0.8626 |1.0246+j0.8681 |0.4231+j0.2066 |0.1972+j0.5178
W55 1.1951+j0.6419 | 1.1758+j0.6545 | 1.1845+j0.6419 |1.1771+j0.6494 |0.2979+j0.2100 |0.1836+0.3695
W56 0.9483+j0.1334 |0.9629+j0.1113 |0.9546+j0.0957 |0.9782+j0.0985 |0.0638+0.5002 |0.4145+j0.0709
w57 0.9271+4j0.2402 |0.9226+j0.2849 | 0.9163+j0.2834 |0.9383+j0.2922 |0.1905+]0.4966 |0.4266+]0.2100
w58 1.0786+j0.1323 | 1.1062+j0.1118 |1.1282+j0.1128 |1.1455+j0.1158 |0.0612+j0.3552 |0.2912+j0.0730
W59 1.0470+j0.2910 | 1.0674+j0.3393 |1.0838+j0.3340 |1.0972+j0.3418 |0.1810+j0.3533 |0.2982+0.2177
w60 0.7648+j0.5764 |0.7234+0.6223 |0.7329+j0.6204 |0.7446+j0.6273 |0.4630+j0.4764 |0.4766+j0.4821
W61 0.8252+j0.4860 |0.8211+j0.4860 | 0.8428+j0.4615 |0.8573+j0.4721 |0.3231+]0.4895 |0.4497+]0.3448
W62 0.8561+j0.6693 |0.8457+0.7260 |0.8680+j0.7295 |0.8767+j0.7377 |0.4416+j0.3397 |0.3334+j0.5025
w63 0.9459+j0.5348 |0.9640+0.5518 |0.9959+j0.5426 |1.0059+j0.5518 |0.3083+0.3490 |0.3125+j0.3601
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Table C.1.8 1024QAM Definition Table for Code Rates 2/15-7/15

u/CR 2/15 3/15 4/15 5/15 6/15 7/15

uo 0.3317 0.2382 0.1924 0.1313 0.1275 0.0951
ul 0.3321 0.2556 0.1940 0.1311 0.1276 0.0949
u2 0.3322 0.2749 0.2070 0.1269 0.1294 0.1319
u3 0.3321 0.2558 0.2050 0.1271 0.1295 0.1322
u4 0.3327 0.2748 0.3056 0.3516 0.3424 0.3170
ub 0.3328 0.2949 0.3096 0.3504 0.3431 0.3174
u6 0.3322 0.2749 0.2890 0.3569 0.3675 0.3936
u7 0.3322 0.2558 0.2854 0.3581 0.3666 0.3921
u8 0.9369 0.9486 0.7167 0.6295 0.6097 0.5786
u9 0.9418 0.8348 0.7362 0.6301 0.6072 0.5789
u10 0.9514 0.7810 0.7500 0.6953 0.7113 0.7205
ut1 0.9471 0.8348 0.7326 0.6903 0.7196 0.7456
ul2 0.9448 0.9463 0.9667 0.9753 0.9418 0.9299
u13 0.9492 0.8336 0.9665 1.0185 1.0048 1.0084
utl4 0.9394 0.9459 1.1332 1.2021 1.2286 1.2349
u1b 0.9349 1.4299 1.4761 1.4981 1.5031 1.5118

Table C.1.9 1024QAM Definition Table for Code Rates 8/15-13/15

u/CR 8/15 9/15 10/15 11/15 12/15 13/15

uo 0.0773 0.0638 0.0592 0.0502 0.0354 0.0325
ul 0.0773 0.0638 0.0594 0.0637 0.0921 0.0967
u2 0.1614 0.1757 0.1780 0.1615 0.1602 0.1623
u3 0.1614 0.1756 0.1790 0.1842 0.2185 0.2280
ud 0.3086 0.3069 0.2996 0.2760 0.2910 0.2957
ud 0.3085 0.3067 0.3041 0.3178 0.3530 0.3645
u6 0.4159 0.4333 0.4241 0.4040 0.4264 0.4361
u7 0.4163 0.4343 0.4404 0.4686 0.4947 0.5100
u8 0.5810 0.5765 0.5561 0.5535 0.5763 0.5878
u9 0.5872 0.5862 0.6008 0.6362 0.6531 0.6696
u10 0.7213 0.7282 0.7141 0.7293 0.7417 0.7566
ui1 0.7604 0.7705 0.8043 0.8302 0.8324 0.8497
ui2 0.9212 0.9218 0.9261 0.9432 0.9386 0.9498
u13 1.0349 1.0364 1.0639 1.0704 1.0529 1.0588
ul4 1.2281 1.2234 1.2285 1.2158 1.1917 1.1795
u1s 1.4800 1.4646 1.4309 1.3884 1.3675 1.3184
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Table C.1.10 4096QAM Definition Table for Code Rates 2/15-7/15

u/CR 2/15 3/15 4/15 5/15 6/15 7/15

uo 0.2826 0.2038 0.1508 0.1257 0.1041 0.0810
ul 0.2885 0.2038 0.1468 0.1257 0.1041 0.0808
u2 0.2944 0.2155 0.1456 0.1257 0.1087 0.0807
u3 0.2885 0.2155 0.1479 0.1257 0.1089 0.0810
u4 0.2944 0.2155 0.1491 0.1257 0.1094 0.1456
ub 0.3003 0.2155 0.1444 0.1257 0.1094 0.1457
u6 0.2944 0.2097 0.1491 0.1257 0.1094 0.1456
u7 0.2885 0.2038 0.1508 0.1257 0.1109 0.1456
u8 0.2944 0.2796 0.3368 0.3599 0.3319 0.3059
u9 0.3003 0.2912 0.3368 0.3599 0.3319 0.3060
u10 0.3003 0.3029 0.3334 0.3484 0.3348 0.3056
ut1 0.3003 0.2970 0.3363 0.3484 0.3348 0.3056
ul2 0.2944 0.2970 0.3386 0.3484 0.3657 0.4043
u13 0.3003 0.3029 0.3357 0.3484 0.3657 0.4042
utl4 0.2944 0.2796 0.3340 0.3599 0.3657 0.4036
u1b 0.2885 0.2796 0.3374 0.3599 0.3657 0.4036
u16 0.9714 0.7222 0.6448 0.6112 0.5875 0.5684
ul7 0.8596 0.7397 0.6569 0.6112 0.5876 0.5682
u18 0.7889 0.7455 0.7101 0.6969 0.5876 0.5700
u19 0.8478 0.7339 0.6979 0.7026 0.5877 0.5704
u20 0.8242 0.7397 0.6974 0.6969 0.6648 0.7155
u21 0.7771 0.7513 0.7124 0.6969 0.6651 0.7186
u22 0.8360 0.7455 0.6575 0.6112 0.6968 0.7425
u23 0.9184 0.7339 0.6465 0.6112 0.7018 0.7385
u24 1.1657 1.3046 1.3549 1.4052 0.9102 0.9163
u25 0.9479 1.0833 1.1931 1.2281 0.9102 0.9089
u26 0.8419 0.9785 1.0117 1.0054 0.9780 0.9771
u27 0.9302 1.0134 0.9857 0.9482 0.9842 1.0012
u28 0.9950 0.9901 0.9689 0.9425 1.1892 1.1766
u29 0.8713 0.9610 0.9967 0.9939 1.2411 1.2355
u30 1.0185 1.0658 1.1683 1.1882 1.4707 1.4381
u31 1.4660 1.6424 1.6391 1.6566 1.7274 1.6851

172



ATSC A/322:2026-04

Physical Layer Protocol, Annex C

14 April 2026

Table C.1.11 4096QAM Definition Table for Code Rates 8/15-13/15

u/CR 8/15 9/15 10/15 11/15 12/15 13/15

u0 0.0501 0.0415 0.0397 0.0253 0.0262 0.0176
ul 0.0553 0.0478 0.0397 0.0285 0.0262 0.0487
u2 0.0562 0.0592 0.0659 0.0844 0.0828 0.0781
u3 0.0562 0.0592 0.0659 0.0848 0.0842 0.1080
u4 0.1677 0.1656 0.1443 0.1460 0.1337 0.1399
ud 0.1687 0.1663 0.1453 0.1460 0.1389 0.1713
u6 0.1687 0.1663 0.1819 0.2078 0.1887 0.2053
u7 0.1718 0.1663 0.1826 0.2078 0.2018 0.2378
u8 0.2963 0.2861 0.2591 0.2708 0.2466 0.2720
u9 0.2963 0.2863 0.2591 0.2708 0.2675 0.3076
u10 0.2963 0.2877 0.3128 0.3360 0.3096 0.3412
ut1 0.2968 0.2877 0.3128 0.3360 0.3393 0.3754
ul2 0.4234 0.4144 0.3872 0.4051 0.3796 0.4156
u13 0.4240 0.4178 0.3872 0.4052 0.4118 0.4522
utl4 0.4248 0.4204 0.4549 0.4742 0.4506 0.4893
u1b 0.4248 0.4204 0.4549 0.4742 0.4897 0.5260
u16 0.5584 0.5352 0.5290 0.5417 0.5296 0.5643
ul7 0.5590 0.5370 0.5302 0.5446 0.5712 0.6051
u18 0.5679 0.5673 0.6069 0.6118 0.6136 0.6469
u19 0.5729 0.5683 0.6081 0.6209 0.6586 0.6885
u20 0.7078 0.6848 0.6911 0.6857 0.7060 0.7336
u21 0.7090 0.6848 0.6969 0.7107 0.7544 0.7790
u22 0.7610 0.7694 0.7787 0.7734 0.8043 0.8255
u23 0.7640 0.7838 0.8012 0.8174 0.8624 0.8776
u24 0.8966 0.8808 0.8802 0.8791 0.9152 0.9254
u25 0.8979 0.9039 0.9248 0.9425 0.9718 0.9749
u26 1.0135 1.0050 1.0037 1.0131 1.0325 1.0276
u27 1.0393 1.0619 1.0861 1.0904 1.1017 1.0870
u28 1.1817 1.1797 1.1870 1.1787 1.1756 1.1474
u29 1.2459 1.2898 1.2894 1.2766 1.2541 1.2121
u30 1.4232 1.4381 1.4122 1.3852 1.3405 1.2835
u31 1.6336 1.6223 1.5629 1.5162 1.4431 1.3644

C.2 CONSTELLATION FIGURES

The constellations are shown graphically in Figure C.2.1 for QPSK, Figure C.2.2 for 16QAM,
Figure C.2.3 for 64QAM, Figure C.2.4 for 256QAM, Figure C.2.5 for 1024QAM and Figure C.2.6

for 4096QAM.
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Figure C.2.1 Constellation of QPSK.
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Figure C.2.2 Constellations of 16QAM.
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Figure C.2.3 Constellations of 64QAM.
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C.3 CONSTELLATION LABELING

The bit labeling of the non-uniform constellations shall be defined according to the following four
tables. The real and imaginary parts shall use the same bit labeling.

Table C.3.1 Constellation Mapping for the Real Part of 1024QAM

Yi,s 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Y3.s 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
Ys.s 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
Yi.s 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0
Ya,s 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
Re(zs) -U15  |-U14  |-U43  [-U12  |-U11 -U10 |-Ug9 |-Us |-U7 |-Us |[-Us |-U4 |-U3 |-U2 |-U1 |-Uo
Yi.s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
V3,s 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
Vs,s 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
Yi.s 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0
Ya,s 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
Re(zs) Uo u1 uz2 us Us us Us [U7 |Us |Us |U10 |U11 [U12 |U13  |U14 |U15
Table C.3.2 Constellation Mapping for the Imaginary Part of 1024QAM
Yo,s 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Y2,s 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
Va,s 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
Ve,s 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0
Vs,s 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
Im(zs) -U1s  [-U14  [-U13  [-U12  [-U11 -U10 |-U9 |-Us |-U7 |-Us |-U5 |-U4 |[-U3 |-U2 |-U1 |-Uo
Yo,s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
V2,s 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
Va,s 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
Ye,s 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0
Vs,s 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
Im(zs) Uo U1 uz2 us U4 Us Us |U7 |Us |Us |Ut0 |U11 [U12 |U13  |U14  |U15
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Table C.3.3 Constellation Mapping for the Real Part of 4096QAM

©

~ < o

2 o~ ™ 2}

1 1

2 o) o~ @©

& < - ~

1 1

S 1o} o ©

1 1

N © 0

1 1

& ~ <

S @ @

& [} [
100101U111101U010101%001101m

1 1

8 2 .
100111U111111U010111M001111m

1 1

S = 8
100110U111110U010110m001110m

1 1

8 o ®

& 2 e
100011U111011U010011m001011m

1 1

8 z -

%) 2 ©

<) > <) >

w| N o| N w| N w| N
L R N - S S R R S - o B S N S R S B o B N R S S N I 1Y
- O W oS = - O W~ o = - O W oS = - O W~ o =
SSSSSS5xSSS5S S5 sSSS5S 5SS S85 835

178



14 April 2026

Physical Layer Protocol, Annex C

ATSC A/322:2026-04

Table C.3.4 Constellation Mapping for the Imaginary Part of 4096QAM
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Annex D: Continual Pilot (CP) Patterns

D.1 REFERENCE AND ADDITIONAL CP INDICES

Table D.1.1 gives the absolute carrier indices for the common CP set CP;32. Table D.1.2 gives the
absolute carrier indices for the common CP set CP;s. Table D.1.3 gives the absolute carrier indices
for the common CP set CPs. Table D.1.4 gives the relative carrier indices for the additional
scattered pilot bearing continual pilot sets arranged by FFT size and scattered pilot pattern.

Carrier indices specified in this annex represent either absolute carrier indices or relative carrier
indices as indicated. Absolute carrier indices are indexed on the maximum possible number of
carriers regardless of whether carrier reduction has been configured and hence range from 0 to
NoCax — 1. Relative carrier indices are indexed on the configured number of carriers (which is a
function in part of the configured carrier reduction coefficient) and hence range from 0 to NoC —
1. Continual pilots with absolute carrier indices that lie outside the configured range of carriers for
transmission shall not be transmitted.

Table D.1.1 Common CP Absolute Carrier Indices CP32

236 316 356 412 668 716 868 1100 1228 1268 1340 1396 1876 1916 2140 2236 2548 2644 2716 2860
3004 3164 3236 3436 3460 3700 3836 4028 4124 4132 4156 4316 4636 5012 5132 5140 5332 5372 5500
5524 5788 6004 6020 6092 6428 6452 6500 6740 7244 7316 7372 7444 7772 7844 7924 8020 8164 8308
8332 8348 8788 8804 9116 9140 9292 9412 9436 9604 10076 10204 10340 10348 10420 10660 10684
10708 11068 11132 11228 11356 11852 11860 11884 12044 12116 12164 12268 12316 12700 12772
12820 12988 13300 13340 13564 13780 13868 14084 14308 14348 14660 14828 14876 14948 15332
15380 15484 15532 15604 15764 15788 15796 16292 16420 16516 16580 16940 16964 16988 17228
17300 17308 17444 17572 18044 18212 18236 18356 18508 18532 18844 18860 19300 19316 19340
19484 19628 19724 19804 19876 20204 20276 20332 20404 20908 21148 21196 21220 21556 21628
21644 21860 22124 22148 22276 22316 22508 22516 22636 23012 23332 23492 23516 23524 23620
23812 23948 24188 24212 24412 24484 24644 24788 24932 25004 25100 25412 25508 25732 25772
26252 26308 26380 26420 26548 26780 26932 26980 27236 27292 27332 27412

Note: The common set of absolute carrier indices CP3> can also be calculated from only half
the number of absolute carriers (e.g. absolute carrier indices 236 to 13780 and here defined as
CPs;,1). The right half of CP3», that is CPs2r can be generated by reversing and shifting CPs»,. to
give a mirror image of the first half of CP3,. This is summarized by the following equations:

CP32,R (k)=27648 — CP32’L 95-k)
CP, = [CP32,L > CP32,R ]

for k=0, 1,..., 95 where [qa,b] indicates concatenation of a and b.
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Table D.1.2 Common CP Absolute Carrier Indices CP;s

118 178 334 434 614 670 938 1070 1274 1358 1502 1618 1730 1918 2062 2078 2318 2566 2666 2750
2894 3010 3214 3250 3622 3686 3886 3962 4082 4166 4394 4558 4646 4718 5038 5170 5210 5342 5534
5614 5926 5942 6058 6134 6350 6410 6650 6782 6934 7154 7330 7438 7666 7742 7802 7894 8146 8258
8470 8494 8650 8722 9022 9118 9254 9422 9650 9670 9814 9902 10102 10166 10454 10598 10778
10822 11062 11138 11254 11318 11666 11758 11810 11974 12106 12242 12394 12502 12706 12866
13126 13190 13274 13466 13618 13666

The common set of absolute carrier indices CPjscan also be calculated as described in Section
8.1.4.1.

Table D.1.3 Common CP Absolute Carrier Indices CPs
59 167 307 469 637 751 865 1031 1159 1333 1447 1607 1811 1943 2041 2197 2323 2519 2605 2767

2963 3029 3175 3325 3467 3665 3833 3901 4073 4235 4325 4511 4627 4825 4907 5051 5227 5389 5531
5627 5833 5905 6053 6197 6353 6563 6637 6809

The common set of absolute carrier indices CPs can also be calculated as described in Section
8.1.4.1.
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Table D.1.4 Additional Scattered Pilot Bearing Continual Pilot Relative Carrier

Indices for Each FFT Size and Scattered Pilot Pattern Combination

. FFT Size
Pilot Pattern
32K 16K 8K
SP3_2 6939 |3471 1731
3471 1731
SP3_4 5778 2886
11469 5733
SP4_2 3460 1732
3460 1732
SP4_4 5768 2888
11452 5724
SP6_2 6942 |3462 1734
3462 1734
SP6_4 5772 2892
11466 5730
SP8_2 6920 |3464 1736
3464 1736
SP8_4 5776 2896
11448 5720
SP12_2 6924 |3468 1740
3468 1740
SP12_4 5784 2904
11460 5748
SP16_2 6928 |3472 1744
3472 1744
SP16_4 5792 (2912)
11440 (5744)
SP24_2 6936 |3480
3480
SP24_4 5808
11496
SP32_2 6944 |3488 (1696)
3488 See
SP32_4 (5824) Table D.1.5
(11488)

Relative carrier indices given in parentheses in Table D.1.4 are not used if Creq coer is an odd

number.

For 8K FFT size with SP32 4, additional CP sets for various values of Cjea coer are given in

Table D.1.5.
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Table D.1.5 Additional Scattered Pilot Bearing Continual Pilot Relative Carrier
Indices for SP32 4 in 8K FFT

Cred_coeff
0 1 2 3 4
1696 none 1696 1696 1696
2880 2880 2880
5728 5728
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Annex E: Scattered Pilot (SP) Patterns

E.1 SISO SCATTERED PILOT PATTERNS
The scattered pilot patterns are shown in the figures below.

OFDM Symbol (Time) OFDM Symbol (Time)

OFDM Symbol (Time)

Carrier Number (Frequency)
—>

0 12 24 36 48 60

O Edge Pilot @ Scattered Pilot O Payload Cell

Figure E.1.1 Scattered pilot pattern SP3 2 (SISO, Dx =3, Dy=2).

i B B i
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O Edge Pilot @ Scattered Pilot O Payloa

Figure E.1.2 Scattered pilot pattern SP3_4 (SISO, Dx = 3, Dy = 4).

Carrier Number (Frequency)

0 16 32 8 64

@ Edge Pilot W Scattered Pilot O Payload Cell

Figure E.1.3 Scattered pilot pattern SP4 2 (SISO, Dx =4, Dy=2).
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Carrier Number (Frequency)
I

0 16 32

N
3
-3
o

¢ A A A
8 o —H“‘H__” ] —H“‘H__” T ﬂ“ﬂ_” ] —H‘“H::
é H‘—‘H__" | —H“‘H__” ] #‘ﬂ_” 1 ﬂ“ﬂ_” T
% H_II —H“ _”_|| #“H__#_H #_#_i_ll H‘_‘H::
© ||‘H“‘H H ||—H“‘H H ||ﬂ“‘H H ||ﬂ“‘H H

O Edge Pilot @ Scattered Pilot O Payload Cell

Figure E.1.4 Scattered pilot pattern SP4 4 (SISO, Dx =4, Dy =4).

Carrier Number (Frequency)

g 0 12 24 36 48 60

@ Edge Pilot W Scattered Pilot O Payload Cell

Figure E.1.5 Scattered pilot pattern SP6_2 (SISO, Dx = 6, Dy =2).

Carrier Number (Frequency)
—

g - |12| 1 ﬁ I36I 1 ﬁ ?OI IH|
l e Teiss
5 B A A A

O Edge Pilot W Scattered Pilot O Payload Cell

Figure E.1.6 Scattered pilot pattern SP6_4 (SISO, Dx= 6, Dy =4).

Carrier Number (Frequency)
E 0 16 32 48 64
=
S

O Edge Pilot @ Scattered Pilot O Payload Cell

Figure E.1.7 Scattered pilot pattern SP8 2 (SISO, Dx =8, Dy = 2).
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Figure E.1.8 Scattered pilot pattern SP8 4 (SISO, Dx =8, Dy = 4).

Carrier Number (Frequency)
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e
o
@ Edge Pilot W Scattered Pilot O Payload Cell
Figure E.1.9 Scattered pilot pattern SP12_2 (SISO, Dx = 12, Dy = 2).
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© i H i 1 |
O Edge Pilot @ Scattered Pilot O Payload Cell
Figure E.1.10 Scattered pilot pattern SP12_4 (SISO, Dx= 12, Dy =4).
Carrier Number (Frequency)
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™ 0 16 32 48 64
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s
[a)
6

O Edge Pilot @ Scattered Pilot O Payload Cell

Figure E.1.11 Scattered pilot pattern SP16 2 (SISO, Dx =16, Dy = 2).
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Carrier Number (Frequency)
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O Edge Pilot B Scattered Pilot O Payload Cell

Figure E.1.12 Scattered pilot pattern SP16 4 (SISO, Dx =16, Dy =4).
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@ Edge Pilot W Scattered Pilot O Payload Cell
Figure E.1.13 Scattered pilot pattern SP24 2 (SISO, Dx= 24, Dy = 2).
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@ Edge Pilot W Scattered Pilot O Payload Cell
Figure E.1.14 Scattered pilot pattern SP24 4 (SISO, Dx =24, Dy =4).
Carrier Number (Frequency)
—>
— 0 16 32 48 64
(]
£
E
3
5
>
2
o

O Edge Pilot @ Scattered Pilot O Payload Cell

Figure E.1.15 Scattered pilot pattern SP32 2 (SISO, Dx=32, Dy =2).
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Carrier Number (Frequency)
I

0 16 32 48 64

i

i

OFDM Symbol (Time)

g

1
O Edge Pilot B Scattered Pilot O Payload Cell

Figure E.1.16 Scattered pilot pattern SP32 4 (SISO, Dx =32, Dy =4).
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Annex F: Number of Active Data Cells in Subframe
Boundary Symbol

F.1 SUBFRAME BOUNDARY SYMBOL ACTIVE DATA CELL TABLES

The number of active data cells in a Subframe boundary symbol (SBS) for various configurations
shall be as listed below. Table entries shown in brackets and italicized are for FFT size and
scattered pilot pattern combinations that are not allowed (refer to Table 8.3). Tone reservation is
not configured in any of the tables in this Annex. When tone reservation is configured, refer to
Section 7.2.6.4 to determine the number of active data cells in a Subframe boundary symbol. In
the following tables L1D_SPB is shorthand for L1D_scattered_pilot_boost.

Table F.1.1 Number of Active Data Cells in a SBS when Creq coe=0

FFT Size L1D_SPB Active Data Cells in a Subframe Boundary Symbol
SP3_2 SP3_4 SP4 2 SP4 4 SP6_2 SP6_4 SP8_2 SP8_4

0 4560 4560 5136 5136 5712 5712 6000 6000

1 4560 3904 5009 4332 5456 4856 5716 5168
8K 2 4123 2922 4600 3467 5114 4147 5398 4558

3 3801 2148 4278 2868 4843 3588 5188 4078

4 3467 1534 4022 2245 4629 3146 4971 3697

0 9120 9120 10272 10272 11424 11424 12000 12000

1 9120 7807 10017 8663 10912 9708 11431 10331
16K 2 8244 5841 9199 6930 10225 8288 10793 9109

3 7601 4290 8554 5731 9684 7168 10375 |8146

4 6933 3063 8043 4484 9256 6282 9939 7383

0 18240 (18240) |N/A NA 22848 (22848) 24000 (24000)

1 18240 (15612) |N/A N/A 21823 (19412) 22861 (20658)
32K 2 16488 (11678) |N/A N/A 20449 (16570) 21585 (18212)

3 15202 (8576) N/A NA 19367 (14329) 20747 (16283)

4 13865 (6121) N/A NA 18510 (12555) 19876 (14755)
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Table F.1.2 Number of Active Data Cells in a SBS when Creq coe=0

FFT Size |L1D_SPB Active Data Cells in a Subframe Boundary Symbol
SP12_2 SP12_4 SP16_2 SP16_4 SP24 2 SP24_ 4 SP32_2 SP32_4
0 6288 6288 6432 6432 (6576) (6576) 6648 6648
1 5976 5508 6132 5691 (6297) (5922) 6384 6064
8K 2 5729 5010 5919 5252 (6123) (5564) 6231 5757
3 5533 4616 5751 4906 (5986) (5282) 6125 5515
4 5379 4305 5618 4633 (5877) (5058) 6015 5324
0 12576 12576 12864 12864 13152 13152 13296 13296
1 11950 11011 12262 11374 12593 11834 12766 12116
16K 2 11455 10010 11835 10493 12243 11113 12458 11497
3 11064 9221 11499 9798 11968 10544 12245 11008
4 10755 8596 11233 9248 11750 10094 12024 10622
0 25152 (25152) |25728 (25728) 26304 (26304) |26592 (26592)
1 23899 (22016) 24521 (22740) 25183 (23658) |25529 (24221)
32K 2 22907 (20010) |23667 (20974) 24483 (22211) 24913 (22976)
3 22124 (18429) 22994 (19581) 23931 (21070) |24486 (21995)
4 21505 (17177) 22461 (18479) 23494 (20167) |24042 (21218)
Table F.1.3 Number of Active Data Cells in a SBS when Cred coef=1
FFT Size L1D_SPB Active Data Cells in a Subframe Boundary Symbol
SP3_2 SP3_4 SP4 2 SP4 4 SP6_2 SP6_4 SP8_2 SP8_4
0 4496 4496 5064 5064 5632 5632 5916 5916
1 4496 3849 4938 4272 5380 4788 5636 5096
8K 2 4065 2881 4535 3419 5042 4089 5322 4494
3 3748 2117 4218 2828 4775 3538 5116 4021
4 3418 1513 3966 2214 4564 3102 4901 3645
0 8992 8992 10128 10128 11264 11264 11832 11832
1 8992 7697 9876 8541 10759  |9572 11271 10187
16K 2 8129 5758 9070 6833 10082 8171 10642 8982
3 7495 4229 8434 5650 9549 7068 10229 8032
4 6835 3019 7930 4420 9126 6194 9800 7280
0 17984 (17984) |N/A N/A 22528 (22528) 23664 (23664)
1 17984 (15393) |N/A N/A 21517 (19140) 22541 (20369)
32K 2 16256 (11513) |N/A N/A 20163 (16337) 21282 (17956)
3 14988 (8454) N/A N/A 19095 (14127) 20456 (16054)
4 13669 (6033) N/A N/A 18250 (12378) 19597 (14548)
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Table F.1.4 Number of Active Data Cells in a SBS when Cied coe=1
FFT Size |L1D_SPB Active Data Cells in a Subframe Boundary Symbol
SP12_2 SP12_.4 SP16_2 SP16_4 SP24_ 2 SP24 4 SP32_2 SP32_4
0 6200 6200 6342 6342 (6484) (6484) 6555 6555
1 5892 5431 6046 5608 (6209) |(5839) 6294 5971
8K 2 5648 4940 5836 5173 (6038) | (5486) 6142 5664
3 5456 4552 5671 4831 (5902) (5208) 6037 5422
4 5304 4245 5540 4559 (5795) (4988) 5928 5231
0 12400 12400 12684 12684 12968 12968 13110 13110
1 11783 10857 12090 11215 12416 11668 12587 11941
16K 2 11294 9870 11669 10346 12072 10957 12284 11327
3 10909 9091 11338 9661 11800 10397 12074 10844
4 10604 8475 11075 9118 11585 9953 11856 10461
0 24800  [(24800) |25368  |(25368) |25936  |(25936) |26220 | (26220)
1 23564  [(21707) |24178  |(22422) |24830  |(23327) |25172  |(23882)
32K 2 22586 (19730) 23336 (20680) 24140 (21900) 24564 (22654)
3 21815  [(18170) |22672  |(19307) |23596  |(20775) |24143  |(21687)
4 21204  [(16936) |22146  |(18220) |23165  |(19885) |23705 |(20921)
Table F.1.5 Number of Active Data Cells in a SBS when Cred coef=2
FFT |L1D_SPB Active Data Cells in a Subframe Boundary Symbol
Size SP3 2 SP3 4 SP4 2 SP44 SP62 SP6 4 SP8 2 SP8 4
0 4433 4433 4993 4993 5553 5553 5833 5833
1 4433 3796 4869 4212 5304 4720 5557 5024
8K 2 4008 2841 4472 3371 4971 4032 5247 4432
3 3695 2088 4158 2788 4708 3488 5044 3964
4 3371 1492 3910 2183 4500 3058 4833 3595
0 8867 8867 9987 9987 11107 11107 11667 11667
1 8867 7591 9739 8422 10609 9438 11114 10045
16K |2 8016 5679 8943 6738 9942 8058 10494 8857
3 7391 4172 8316 5572 9416 6970 10087 7920
4 6741 2979 7820 4360 8999 6108 9664 7179
0 17734 (17734) N/A N/A 22214 (22214) 23334 (23334)
1 17734 | (15179) |N/A N/A 21217 |(18873) 22227  |(20085)
32K |2 16031  |(11354) | N/A N/A 19882  |(16110) |20986 | (17707)
3 14780 (8339) N/A N/A 18829 (13932) 20171 (15831)
4 13480 (5951) N/A N/A 17996 (12207) 19324 (14347)
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Table F.1.6 Number of Active Data Cells in a SBS when Cied coe=2

FFT Size |L1D_SPB Active Data Cells in a Subframe Boundary Symbol
SP12_2 SP12_4 SP16_2 SP16_4 SP24 2 SP24_ 4 SP32_2 SP32_4
0 6113 6113 6253 6253 (6393) (6393) 6463 6463
1 5810 5355 5961 5532 (6122) (5757) 6207 5890
8K 2 5569 4870 5754 5106 (5953) (5409) 6058 5589
3 5380 4488 5591 4770 (5820) (5135) 5955 5351
4 5229 4186 5462 4504 (5714) (4918) 5848 5164
0 12227 12227 12507 12507 12787 12787 12927 12927
1 11619 10706 11921 11058 12243 11506 12412 11780
16K 2 11137 9732 11507 10202 11903 10805 12113 11178
3 10757 8965 11180 9526 11636 10252 11906 10703
4 10456 8358 10921 8992 11424 9815 11691 10328
0 24454 (24454) 25014 (25014) |25574 (25574) |25854 (25854)
1 23236 (21405) 23841 (22109) |24484 (23002) |24821 (23549)
32K 2 22271 (19455) 23011 (20392) 23803 (21595) 24221 (22339)
3 21511 (17918) 22356 (19038) 23267 (20486) |23806 (21385)
4 20909 (16701) 21838 (17967) |22842 (19608) |23375 (20630)
Table F.1.7 Number of Active Data Cells in a SBS when Creq coef=3
FFT Size L1D_SPB Active Data Cells in a Subframe Boundary Symbol
SP3_2 SP3_4 SP4 2 SP4 4 SP6_2 SP6_4 SP8_2 SP8_4
0 4370 4370 4922 4922 5474 5474 5750 5750
1 4370 3742 4800 4152 5229 4653 5478 4953
8K 2 3951 2800 4408 3323 4901 3974 5173 4369
3 3643 2058 4099 2749 4641 3439 4972 3908
4 3323 1471 3855 2152 4436 3015 4764 3544
0 8740 8740 9844 9844 10948 10948 11500 11500
1 8740 7482 9599 8302 10457 9303 10955 9901
16K 2 7901 5597 8815 6642 9799 7943 10344 8730
3 7285 4112 8197 5492 9281 6870 9942 7807
4 6644 2936 7708 4297 8870 6021 9525 7076
0 17480 (17480) |N/A N/A 21896 (21896) 23000 (23000)
1 17480 (14962) |N/A N/A 20913 (18603) 21909 (19798)
32K 2 15801 (11192) |N/A N/A 19597 (15879) 20685 (17453)
3 14568 (8219) N/A N/A 18560 (13732) 19882 (15604)
4 13287 (5866) N/A N/A 17738 (12032) 19048 (14141)
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Table F.1.8 Number of Active Data Cells in a SBS when Cied coe=3

FFT Size |L1D_SPB Active Data Cells in a Subframe Boundary Symbol
SP12_2 SP12_4 SP16_2 SP16_4 SP24 2 SP24_ 4 SP32_2 SP32_4
0 6026 6026 6164 6164 (6302) (6302) 6371 6371
1 5727 5279 5876 5450 (6035) (5675) 6117 5809
8K 2 5490 4801 5672 5028 (5868) (5333) 5970 5514
3 5303 4425 5512 4695 (5737) (5062) 5868 5281
4 5155 4126 5385 4432 (5633) (4848) 5762 5097
0 12052 12052 12328 12328 12604 12604 12742 12742
1 11452 10552 11751 10900 12068 11341 12234 11606
16K 2 10977 9593 11342 10056 11733 10650 11940 11010
3 10603 8837 11020 9390 11469 10106 11735 10540
4 10307 8238 10765 8863 11260 9675 11523 10168
0 24104 (24104) |24656 (24656) |25208 (25208) |25484 (25484)
1 22903 (21099) |23500 (21793) 24133 (22673) |24465 (23212)
32K 2 21952 (19177) 22681 (20100) 23463 (21286) |23875 (22019)
3 21203 (17661) 22036 (18766) 22934 (20193) |23466 (21079)
4 20609 (16462) |21525 (17710) 22515 (19328) 23040 (20335)
Table F.1.9 Number of Active Data Cells in a SBS when Cred coeff=4
FFT Size L1D_SPB Active Data Cells in a Subframe Boundary Symbol
SP3_2 SP3_4 SP4 2 SP4 4 SP6_2 SP6_4 SP8_2 SP8_4
0 4307 4307 4851 4851 5395 5395 5667 5667
1 4307 3688 4731 4092 5154 4586 5399 4881
8K 2 3894 2760 4345 3275 4830 3917 5098 4306
3 3591 2029 4040 2710 4575 3390 4901 3852
4 3275 1450 3799 2121 4372 2972 4695 3493
0 8614 8614 9702 9702 10790 10790 11334 11334
1 8614 7374 9461 8182 10306 (9169 10797 |9758
16K 2 7787 5517 8688 6546 9658 7828 10194 8604
3 7180 4053 8079 5413 9147 6771 9799 7695
4 6549 2894 7597 4236 8743 5934 9388 6974
0 17228 (17228) |N/A N/A 21580 (21580) |22668 (22668)
1 17228 (14746) |N/A N/A 20612 (18335) 21593 (19512)
32K 2 15573 (11031) |N/A N/A 19315 (15651) 20387 (17202)
3 14359 (8101) N/A N/A 18292 (13534) 19596 (15380)
4 13096 (5782) N/A N/A 17483 (11859) 18773 (13938)
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Table F.1.10 Number of Active Data Cells in a SBS when Cieq coe=4

FFT Size |L1D_SPB Active Data Cells in a Subframe Boundary Symbol
SP12_2 SP12_4 SP16_2 SP16_4 SP24 2 SP24_ 4 SP32_2 SP32_4
0 5939 5939 6075 6075 (6211) (6211) 6279 6279
1 5644 5203 5792 5375 (5948) (5594) 6030 5728
8K 2 5411 4732 5591 4961 (5784) (5256) 5886 5438
3 5227 4361 5432 4635 (5654) (4990) 5786 5210
4 5081 4067 5307 4377 (56552) (4779) 5682 5030
0 11878 11878 12150 12150 12422 12422 12558 12558
1 11287 10400 11581 10743 11894 11178 12058 11444
16K 2 10819 9455 11178 9911 11564 10497 11767 10860
3 10450 8710 10861 9255 11304 9960 11566 10399
4 10158 8120 10609 8736 11098 9536 11357 10034
0 23756 (23756) 24300 (24300) |24844 (24844) |25116 (25116)
1 22572 (20794) 23160 (21478) 23785 (22345) 24112 (22877)
32K 2 21636 (18900) |22354 (19810) 23124 (20979) |23530 (21702)
3 20897 (17407) |21718 (18495) |22603 (19902) |23127 (20775)
4 20312 (16225) 21215 (17454) 22190 (19049) |22708 (20042)

F.2 CALCULATION OF SUBFRAME BOUNDARY SYMBOL NULL CELLS (INFORMATIVE)
The number of null cells in a Subframe boundary symbol can be calculated as follows:

ngull = Ngata - Ng
where
NE =ceil (NP - (NSBS - NoC + NP + NSEo) * (Asp))

with the terms used explained as follows:
NoC total number of active carriers
N2 number of active data cells in a data symbol
NZ  number of active data cells in a Subframe boundary symbol
Ng,;; number of null cells in a Subframe boundary symbol
N5, ., total number of data cells (non-pilot cells) including both null and active data cells in a
Subframe boundary symbol
Asp  scattered pilot amplitude
N$ES  number of Subframe boundary pilots in a Subframe boundary symbol
NSE»  number of common continual pilots
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Annex G: Tone Reservation Carrier Indices

G.1 TONE RESERVATION CARRIER INDICES

When tone reservation is used, the set of reserved carriers for PAPR reduction in all symbols
(except the first Preamble symbol) depends on the type of symbol and Dx. Table G.1.1 shows the
table indices corresponding to the set of reserved carriers for PAPR reduction according to each
type of symbol. Tone reservation shall never be applied to the first Preamble symbol.

Table G.1.1 Table Indices Corresponding to the Set of Reserved Carriers for
PAPR Reduction According to Each Type of Symbol

Symbol Index Preamble Symbol Subframe Boundary Data Symbol
1=0 0<I<Np Symbol
Dx All 3,4,8 6,12, 3,4,8 6,12,
16, 24, 32 16, 24, 32
Set of carriers N/A Table G.1.3 Table G.1.2 Table G.1.3 |Table G.1.2 Table G.1.2
reserved for PAPR reduction

Carrier indices specified in this Annex represent absolute carrier indices. Absolute carrier
indices are indexed on the maximum possible number of carriers regardless of whether carrier
reduction has been configured and hence range from 0 to NoCiax — 1.
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Table G.1.2 Set of Carriers Reserved for PAPR reduction for All Symbols Except
the First Preamble Symbol, the Other (Np — 1) Preamble Symbols of Dx= 3, Dx=

4, and Dx= 8, and Subframe Boundary Symbols of Dx= 3, Dx=4, and Dx=8

FFT

(# of
Reserved
tones)

TR Carrier Indices

8k
(72)

250, 386, 407, 550, 591, 717, 763, 787, 797, 839, 950, 1090, 1105, 1199, 1738, 1867, 1903, 1997,
2114, 2260, 2356, 2427, 2428, 2444, 2452, 2475, 2564, 2649, 2663, 2678, 2740, 2777, 2819, 2986,
3097, 3134, 3253, 3284, 3323, 3442, 3596, 3694, 3719, 3751, 3763, 3836, 4154, 4257, 4355, 4580
4587, 4678, 4805, 5084, 5126, 5161, 5229, 5321, 5445, 5649, 5741, 5746, 5885, 5918, 6075, 6093
6319, 6421, 6463, 6511, 6517, 6577

16k
(144)

421, 548, 589, 621, 644, 727, 770, 813, 857, 862, 1113, 1187, 1201, 1220, 1393, 1517, 1821, 1899
1924, 2003, 2023, 2143, 2146, 2290, 2474, 2482, 2597, 2644, 2749, 2818, 2951, 3014, 3212, 3237
3363, 3430, 3515, 3517, 3745, 3758, 4049, 4165, 4354, 4399, 4575, 4763, 4789, 4802, 4834, 4970
5260, 5386, 5395, 5402, 5579, 5716, 5734, 5884, 5895, 6073, 6123, 6158, 6212, 6243, 6521, 6593
6604, 6607, 6772, 6842, 6908, 6986, 7220, 7331, 7396, 7407, 7588, 7635, 7665, 7893, 7925, 7949
8019, 8038, 8167, 8289, 8295, 8338, 8549, 8555, 8660, 8857, 8925, 9007, 9057, 9121, 9364, 9375
9423, 9446, 9479, 9502, 9527, 9860, 9919, 9938, 10138, 10189, 10191, 10275, 10333, 10377, 10988
11109, 11261, 11266, 11362, 11390, 11534, 11623, 11893, 11989, 12037, 12101, 12119, 12185
12254, 12369, 12371, 12380, 12401, 12586, 12597, 12638, 12913, 12974, 13001, 13045, 13052
13111, 13143, 13150, 13151, 13300

32K
(288)

803, 805, 811, 901, 1001, 1027, 1245, 1258, 1318, 1478, 1507, 1509, 1556, 1577, 1655, 1742, 1978
2001, 2056, 2110, 2164, 2227, 2305, 2356, 2408, 2522, 2563, 2780, 2805, 2879, 3010, 3019, 3128,
3389, 3649, 3730, 3873, 4027, 4066, 4087, 4181, 4246, 4259, 4364, 4406, 4515, 4690, 4773, 4893
4916, 4941, 4951, 4965, 5165, 5222, 5416, 5638, 5687, 5729, 5930, 5997, 6005, 6161, 6218, 6292,
6344, 6370, 6386, 6505, 6974, 7079, 7114, 7275, 7334, 7665, 7765, 7868, 7917, 7966, 8023, 8055
8089, 8091, 8191, 8374, 8495, 8651, 8690, 8755, 8821, 9139, 9189, 9274, 9561, 9611, 9692, 9711,
9782, 9873, 9964, 10011, 10209, 10575, 10601, 10623, 10690, 10967, 11045, 11083, 11084, 11090
11128, 11153, 11530, 11737, 11829, 11903, 11907, 11930, 11942, 12356, 12429, 12484, 12547
12562, 12605, 12767, 12863, 13019, 13052, 13053, 13167, 13210, 13244, 13259, 13342, 13370
13384, 13447, 13694, 13918, 14002, 14077, 14111, 14216, 14243, 14270, 14450, 14451, 14456,
14479, 14653, 14692, 14827, 14865, 14871, 14908, 156215, 15227, 15284, 15313, 15333, 15537
15643, 15754, 15789, 16065, 16209, 16213, 16217, 16259, 16367, 16369, 16646, 16780, 16906
16946, 17012, 17167, 17192, 17325, 17414, 17629, 17687, 17746, 17788, 17833, 17885, 17913
18067, 18089, 18316, 18337, 18370, 18376, 18440, 18550, 18680, 18910, 18937, 19047, 19052
19117, 19383, 19396, 19496, 19601, 19778, 19797, 20038, 20357, 20379, 20455, 20669, 20707
20708, 20751, 20846, 20853, 20906, 21051, 21079, 21213, 21267, 21308, 21355, 21523, 21574,
21815, 21893, 21973, 22084, 22172, 22271, 22713, 22905, 23039, 23195, 23303, 23635, 23732
23749, 23799, 23885, 23944, 24149, 24311, 24379, 24471, 24553, 24585, 24611, 24616, 24621,
24761, 24789, 24844, 24847, 24977, 25015, 25160, 25207, 25283, 25351, 25363, 25394, 25540
25603, 25647, 25747, 25768, 25915, 25928, 26071, 26092, 26139, 26180, 26209, 26270, 26273
26278, 26326, 26341, 26392, 26559, 26642, 26776, 26842
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Table G.1.3 Set of Carriers Reserved for PAPR reduction in Preamble Symbols
of Dx= 3, Dx=4, and Dx= 8 Except the First Preamble Symbol and in Subframe
Boundary Symbols of Dx= 3, Dx=4, and Dx= 38

FFT
Size

TR Carrier Indices

8k
(72)

295, 329, 347, 365, 463, 473, 481, 553, 578, 602, 742, 749, 829, 922, 941, 1115, 1123, 1174, 1363, 1394,
1402, 1615, 1657, 1702, 1898, 1910, 1997, 2399, 2506, 2522, 2687, 2735, 3043, 3295, 3389, 3454, 3557
3647, 3719, 3793, 3794, 3874, 3898, 3970, 4054, 4450, 4609, 4666, 4829, 4855, 4879, 4961, 4969, 5171,
5182, 5242, 5393, 5545, 5567, 5618, 5630, 5734, 5861, 5897, 5987, 5989, 6002, 6062, 6074, 6205, 6334,
6497

16k
(144)

509, 739, 770, 890, 970, 989, 1031, 1033, 1121, 1223, 1231, 1285, 1526, 1559, 1603, 1615, 1690, 1771,
1903, 1910, 1958, 2033, 2146, 2225, 2302, 2306, 2345, 2447, 2477, 2561, 2578, 2597, 2635, 2654, 2687
2891, 2938, 3029, 3271, 3479, 3667, 3713, 3791, 3977, 4067, 4150, 4217, 4387, 4501, 4541, 4657, 4733
4742, 4963, 5011, 5149, 5311, 5362, 5491, 5531, 5609, 5722, 5747, 5798, 5842, 5881, 5959, 5983, 6059
6166, 6178, 6214, 6230, 6382, 6557, 6625, 6811, 6881, 6994, 7261, 7535, 7546, 7711, 7897, 7898, 7918,
7997, 8125, 8398, 8483, 8530, 8686, 8731, 8855, 9001, 9026, 9110, 9206, 9223, 9325, 9466, 9493, 9890
9893, 10537, 10570, 10691, 10835, 10837, 11098, 11126, 11146, 11198, 11270, 11393, 11629, 11657
11795, 11867, 11909, 11983, 12046, 12107, 12119, 12353, 12482, 12569, 12575, 12662, 12691, 12739
12787, 12902, 12917, 12985, 13010, 13022, 13073, 13102, 13141, 13159, 13225, 13255, 13303

32K
(288)

793, 884, 899, 914, 1004, 1183, 1198, 1276, 1300, 1339, 1348, 1444, 1487, 1490, 1766, 1870, 1903, 1909,
1961, 2053, 2092, 2099, 2431, 2572, 2578, 2618, 2719, 2725, 2746, 2777, 2798, 2891, 2966, 2972, 3023
3037, 3076, 3257, 3284, 3326, 3389, 3425, 3454, 3523, 3602, 3826, 3838, 3875, 3955, 4094, 4126, 4261,
4349, 4357, 4451, 4646, 4655, 4913, 5075, 5083, 5306, 5317, 5587, 5821, 6038, 6053, 6062, 6137, 6268,
6286, 6490, 6517, 6529, 6554, 6593, 6671, 6751, 6827, 6845, 7043, 7111, 7147, 7196, 7393, 7451, 7475
7517, 7750, 7769, 7780, 8023, 8081, 8263, 8290, 8425, 8492, 8939, 8986, 9113, 9271, 9298, 9343, 9455
9476, 9637, 9821, 9829, 9913, 9953, 9988, 10001, 10007, 10018, 10082, 10172, 10421, 10553, 10582,
10622, 10678, 10843, 10885, 10901, 11404, 11674, 11959, 12007, 12199, 12227, 12290, 12301, 12629
12631, 12658, 12739, 12866, 12977, 13121, 13294, 13843, 13849, 13852, 13933, 14134, 14317, 14335
14342, 14407, 14651, 14758, 14815, 14833, 14999, 15046, 15097, 15158, 15383, 15503, 15727, 15881,
16139, 16238, 16277, 16331, 16444, 16490, 16747, 16870, 16981, 17641, 17710, 17714, 17845, 18011,
18046, 18086, 18097, 18283, 18334, 18364, 18431, 18497, 18527, 18604, 18686, 18709, 18731, 18740
18749, 18772, 18893, 19045, 19075, 19087, 19091, 19099, 19127, 19169, 19259, 19427, 19433, 19450
19517, 19526, 19610, 19807, 19843, 19891, 20062, 20159, 20246, 20420, 20516, 20530, 20686, 20801,
20870, 20974, 21131, 21158, 21565, 21635, 21785, 21820, 21914, 21926, 22046, 22375, 22406, 22601,
22679, 22699, 22772, 22819, 22847, 22900, 22982, 22987, 23063, 23254, 23335, 23357, 23561, 23590
23711, 23753, 23902, 24037, 24085, 24101, 24115, 24167, 24182, 24361, 24374, 24421, 24427, 24458
24463, 24706, 24748, 24941, 25079, 25127, 25195, 25285, 25444, 25492, 25505, 25667, 25682, 25729
25741, 25765, 25973, 26171, 26180, 26227, 26353, 26381, 26542, 26603, 26651, 26671, 26759, 26804,
26807, 26827
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Annex H: Preamble Parameters for Bootstrap

H.1 PREAMBLE STRUCTURE PARAMETER VALUES

The allowed values for preamble_structure and corresponding preamble parameter values shall be
as shown in Table H.1.1. Note that in the present release of the specification the defined
preamble_structure values do not make use of L1-Basic Modes 6 and 7.

Table H.1.1 Meaning of Signaled Values of preamble_structure

preamble_structure FFT Size g;';::lgg; Z;eamble Pilot II;1E-CBaMS:c:Ie

0 8K 192 16 L1-Basic Mode 1
1 8K 192 16 L1-Basic Mode 2
2 8K 192 16 L1-Basic Mode 3
3 8K 192 16 L1-Basic Mode 4
4 8K 192 16 L1-Basic Mode 5
5 8K 384 8 L1-Basic Mode 1
6 8K 384 8 L1-Basic Mode 2
7 8K 384 8 L1-Basic Mode 3
8 8K 384 8 L1-Basic Mode 4
9 8K 384 8 L1-Basic Mode 5
10 8K 512 6 L1-Basic Mode 1
11 8K 512 6 L1-Basic Mode 2
12 8K 512 6 L1-Basic Mode 3
13 8K 512 6 L1-Basic Mode 4
14 8K 512 6 L1-Basic Mode 5
15 8K 768 4 L1-Basic Mode 1
16 8K 768 4 L1-Basic Mode 2
17 8K 768 4 L1-Basic Mode 3
18 8K 768 4 L1-Basic Mode 4
19 8K 768 4 L1-Basic Mode 5
20 8K 1024 3 L1-Basic Mode 1
21 8K 1024 3 L1-Basic Mode 2
22 8K 1024 3 L1-Basic Mode 3
23 8K 1024 3 L1-Basic Mode 4
24 8K 1024 3 L1-Basic Mode 5
25 8K 1536 4 L1-Basic Mode 1
26 8K 1536 4 L1-Basic Mode 2
27 8K 1536 4 L1-Basic Mode 3
28 8K 1536 4 L1-Basic Mode 4
29 8K 1536 4 L1-Basic Mode 5
30 8K 2048 3 L1-Basic Mode 1
31 8K 2048 3 L1-Basic Mode 2
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32 8K 2048 3 L1-Basic Mode 3
33 8K 2048 3 L1-Basic Mode 4
34 8K 2048 3 L1-Basic Mode 5
35 16K 192 32 L1-Basic Mode 1
36 16K 192 32 L1-Basic Mode 2
37 16K 192 32 L1-Basic Mode 3
38 16K 192 32 L1-Basic Mode 4
39 16K 192 32 L1-Basic Mode 5
40 16K 384 16 L1-Basic Mode 1
41 16K 384 16 L1-Basic Mode 2
42 16K 384 16 L1-Basic Mode 3
43 16K 384 16 L1-Basic Mode 4
44 16K 384 16 L1-Basic Mode 5
45 16K 512 12 L1-Basic Mode 1
46 16K 512 12 L1-Basic Mode 2
47 16K 512 12 L1-Basic Mode 3
48 16K 512 12 L1-Basic Mode 4
49 16K 512 12 L1-Basic Mode 5
50 16K 768 8 L1-Basic Mode 1
51 16K 768 8 L1-Basic Mode 2
52 16K 768 8 L1-Basic Mode 3
53 16K 768 8 L1-Basic Mode 4
54 16K 768 8 L1-Basic Mode 5
55 16K 1024 6 L1-Basic Mode 1
56 16K 1024 6 L1-Basic Mode 2
57 16K 1024 6 L1-Basic Mode 3
58 16K 1024 6 L1-Basic Mode 4
59 16K 1024 6 L1-Basic Mode 5
60 16K 1536 4 L1-Basic Mode 1
61 16K 1536 4 L1-Basic Mode 2
62 16K 1536 4 L1-Basic Mode 3
63 16K 1536 4 L1-Basic Mode 4
64 16K 1536 4 L1-Basic Mode 5
65 16K 2048 3 L1-Basic Mode 1
66 16K 2048 3 L1-Basic Mode 2
67 16K 2048 3 L1-Basic Mode 3
68 16K 2048 3 L1-Basic Mode 4
69 16K 2048 3 L1-Basic Mode 5
70 16K 2432 3 L1-Basic Mode 1
71 16K 2432 3 L1-Basic Mode 2
72 16K 2432 3 L1-Basic Mode 3
73 16K 2432 3 L1-Basic Mode 4
74 16K 2432 3 L1-Basic Mode 5
75 16K 3072 4 L1-Basic Mode 1
76 16K 3072 4 L1-Basic Mode 2
77 16K 3072 4 L1-Basic Mode 3
78 16K 3072 4 L1-Basic Mode 4

199



ATSC A/322:2026-04

Physical Layer Protocol, Annex H

14 April 2026

79 16K 3072 4 L1-Basic Mode 5
80 16K 3648 4 L1-Basic Mode 1
81 16K 3648 4 L1-Basic Mode 2
82 16K 3648 4 L1-Basic Mode 3
83 16K 3648 4 L1-Basic Mode 4
84 16K 3648 4 L1-Basic Mode 5
85 16K 4096 3 L1-Basic Mode 1
86 16K 4096 3 L1-Basic Mode 2
87 16K 4096 3 L1-Basic Mode 3
88 16K 4096 3 L1-Basic Mode 4
89 16K 4096 3 L1-Basic Mode 5
90 32K 192 32 L1-Basic Mode 1
91 32K 192 32 L1-Basic Mode 2
92 32K 192 32 L1-Basic Mode 3
93 32K 192 32 L1-Basic Mode 4
94 32K 192 32 L1-Basic Mode 5
95 32K 384 32 L1-Basic Mode 1
96 32K 384 32 L1-Basic Mode 2
97 32K 384 32 L1-Basic Mode 3
98 32K 384 32 L1-Basic Mode 4
99 32K 384 32 L1-Basic Mode 5
100 32K 512 24 L1-Basic Mode 1
101 32K 512 24 L1-Basic Mode 2
102 32K 512 24 L1-Basic Mode 3
103 32K 512 24 L1-Basic Mode 4
104 32K 512 24 L1-Basic Mode 5
105 32K 768 16 L1-Basic Mode 1
106 32K 768 16 L1-Basic Mode 2
107 32K 768 16 L1-Basic Mode 3
108 32K 768 16 L1-Basic Mode 4
109 32K 768 16 L1-Basic Mode 5
110 32K 1024 12 L1-Basic Mode 1
111 32K 1024 12 L1-Basic Mode 2
112 32K 1024 12 L1-Basic Mode 3
113 32K 1024 12 L1-Basic Mode 4
114 32K 1024 12 L1-Basic Mode 5
115 32K 1536 8 L1-Basic Mode 1
116 32K 1536 8 L1-Basic Mode 2
117 32K 1536 8 L1-Basic Mode 3
118 32K 1536 8 L1-Basic Mode 4
119 32K 1536 8 L1-Basic Mode 5
120 32K 2048 6 L1-Basic Mode 1
121 32K 2048 6 L1-Basic Mode 2
122 32K 2048 6 L1-Basic Mode 3
123 32K 2048 6 L1-Basic Mode 4
124 32K 2048 6 L1-Basic Mode 5
125 32K 2432 6 L1-Basic Mode 1
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126 32K 2432 6 L1-Basic Mode 2
127 32K 2432 6 L1-Basic Mode 3
128 32K 2432 6 L1-Basic Mode 4
129 32K 2432 6 L1-Basic Mode 5
130 32K 3072 8 L1-Basic Mode 1
131 32K 3072 8 L1-Basic Mode 2
132 32K 3072 8 L1-Basic Mode 3
133 32K 3072 8 L1-Basic Mode 4
134 32K 3072 8 L1-Basic Mode 5
135 32K 3072 3 L1-Basic Mode 1
136 32K 3072 3 L1-Basic Mode 2
137 32K 3072 3 L1-Basic Mode 3
138 32K 3072 3 L1-Basic Mode 4
139 32K 3072 3 L1-Basic Mode 5
140 32K 3648 8 L1-Basic Mode 1
141 32K 3648 8 L1-Basic Mode 2
142 32K 3648 8 L1-Basic Mode 3
143 32K 3648 8 L1-Basic Mode 4
144 32K 3648 8 L1-Basic Mode 5
145 32K 3648 3 L1-Basic Mode 1
146 32K 3648 3 L1-Basic Mode 2
147 32K 3648 3 L1-Basic Mode 3
148 32K 3648 3 L1-Basic Mode 4
149 32K 3648 3 L1-Basic Mode 5
150 32K 4096 3 L1-Basic Mode 1
151 32K 4096 3 L1-Basic Mode 2
152 32K 4096 3 L1-Basic Mode 3
153 32K 4096 3 L1-Basic Mode 4
154 32K 4096 3 L1-Basic Mode 5
155 32K 4864 3 L1-Basic Mode 1
156 32K 4864 3 L1-Basic Mode 2
157 32K 4864 3 L1-Basic Mode 3
158 32K 4864 3 L1-Basic Mode 4
159 32K 4864 3 L1-Basic Mode 5
160-255 Reserved |Reserved |Reserved Reserved
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Annex I Total Symbol Power

1.1 PREAMBLE SYMBOL FREQUENCY DOMAIN POWER
The following tables describe the total frequency domain power in Preamble symbols.

Table 1.1.1 Frequency Domain Total Power of the Preamble Symbol (Ppreambie,1)

Pilot Ppreambie (FD total power)
FFTSize C'EeN9th  pottern
(samples) Cred_coeff Cred_coeff Cred_coeff Cred_coeff Cred_coeff
(Dx) 0 1 2 3 4

8K 192 16 8240.53 8130.20 8013.76 7897.31 7780.87
8K 384 8 8322.93 8211.44 8093.84 7976.24 7858.64
8K 512 6 8301.50 8190.31 8073.00 7955.69 7838.38
8K 768 4 8094.28 7985.96 7871.52 7757.08 7642.65
8K 1024 3 7737.10 7633.73 7524.25 7414.77 7305.30
8K 1536 4 8094.28 7985.96 7871.52 7757.08 7642.65
8K 2048 3 7737.10 7633.73 7524 .25 741477 7305.30
16K 192 32 16051.13 15836.42 15603.37 15382.54 15155.60
16K 384 16 16477.67 16257.01 16018.01 15791.24 15558.36
16K 512 12 16583.95 16361.81 16121.33 15893.08 15658.71
16K 768 8 16643.58 16420.60 16179.28 15950.19 15714.99
16K 1024 6 16601.06 16378.66 16137.94 15909.43 15674.81
16K 1536 4 16561.26 16339.42 16099.24 15871.28 15637.21
16K 2048 3 16020.04 15805.70 15573.04 15352.59 15126.04
16K 2432 3 16020.04 15805.70 15573.04 15352.59 15126.04
16K 3072 4 16561.26 16339.42 16099.24 15871.28 15637.21
16K 3648 4 16561.26 16339.42 16099.24 15871.28 15637.21
16K 4096 3 16020.04 15805.70 15573.04 15352.59 15126.04
32K 192 32 32097.48 31668.05 31201.95 30760.29 30306.41
32K 384 32 32097.48 31668.05 31201.95 30760.29 30306.41
32K 512 24 32475.84 32041.14 31569.77 31122.85 30663.71
32K 768 16 32951.95 32510.63 32032.64 31579.09 31113.33
32K 1024 12 33165.03 32720.74 32239.78 31783.27 31314.54
32K 1536 8 34048.92 33592.35 33099.12 32630.32 32149.31
32K 2048 6 33842.90 33389.18 32898.80 32432.87 31954.71
32K 2432 6 33842.90 33389.18 32898.80 32432.87 31954.71
32K 3072 8 34048.92 33592.35 33099.12 32630.32 32149.31
32K 3072 3 32038.72 31610.06 31144.72 30703.83 30250.72
32K 3648 8 34048.92 33592.35 33099.12 32630.32 32149.31
32K 3648 3 32038.72 31610.06 31144.72 30703.83 30250.72
32K 4096 3 32038.72 31610.06 31144.72 30703.83 30250.72
32K 4864 3 32038.72 31610.06 31144.72 30703.83 30250.72
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.2 DATA AND SUBFRAME BOUNDARY SYMBOL FREQUENCY DOMAIN POWER

The following tables describe the total frequency domain power in data and Subframe boundary
symbols. Table entries shown in brackets and italicized are for FFT size and scattered pilot pattern
combinations that are not allowed (refer to Table 8.3).

Table 1.2.1 Frequency Domain Total Power of Each Data and Subframe
Boundary Symbol (Pdata,m) when Creq coe=0

. . L1D_scattered_pilot_boost
FFT Size Pilot Pattern
000 001 010 011 100

SP3_2 7206.33 7206.33 7646.12 7967.68 8302.73
SP3_4 7206.33 7427.12 7757.73 8018.64 8223.83
SP4_2 7206.33 7335.49 7745.44 8069.14 8324.24
SP4 4 7206.33 T7477.44 7769.24 7971.39 8181.27
SP6_2 7206.33 7463.93 7809.46 8080.54 8295.62
SP6_4 7206.33 7497.87 7737.93 7927.21 8077.51
SP8_2 7206.33 7492.88 7814.32 8024.02 8243.34

8K SP8_4 7206.33 7490.93 7698.42 7862.96 7992.15
SP12_2 7206.33 7522.86 7773.18 7969.29 8125.67
SP12_4 7206.33 7475.54 7648.41 7783.36 7891.04
SP16_2 7206.33 7512.03 7727.53 7897.38 8031.80
SP16_4 7206.33 7466.13 7618.63 7738.99 7835.14
SP24 2 7206.33 7491.23 7669.09 7809.50 7920.09
SP24 4 7206.33 7440.66 7568.35 7669.30 7748.41
SP32_2 7206.33 T477.75 7635.15 7744 .12 7857.61
SP32_4 7206.33 7420.32 7532.04 7620.18 7690.50
SP3_2 14411.67 14411.67 15288.86 15932.70 16602.50
SP3_4 14411.67 14851.86 15510.50 16028.89 16439.91
SP4_2 14411.67 14668.83 15488.26 16134.29 16645.20
SP4 4 14411.67 14952.26 15532.20 15935.04 16353.30
SP6_2 14411.67 14926.41 15613.87 16156.56 16586.36
SP6_4 14411.67 14989.75 15467.04 15842.95 16141.04
SP8_2 14411.67 14983.09 15623.25 16044.16 16480.28

16K SP8 4 14411.67 14974.58 15386.60 15711.94 15968.72
SP12_2 14411.67 15041.63 15540.41 15932.96 1624417
SP12_4 14411.67 14943.26 15282.84 15550.82 15762.46
SP16_2 14411.67 15019.66 15448.67 15787.59 16055.82
SP16_4 14411.67 14920.95 15221.58 15458.22 15645.66
SP24 2 14411.67 14978.51 15331.00 15609.88 15830.29
SP24 4 14411.67 14867.25 15115.96 15311.51 15466.70
SP32_2 14411.67 14950.04 15261.41 15477.36 15702.29
SP32_4 14411.67 14823.96 15040.47 15210.22 15345.66
SP3_2 28822.33 28822.33 30576.34 31863.75 33202.05
SP3_4 (28822.33) (29700.34) (31015.05) (32051.38) (32872.06)

39K SP4_2 N/A N/A N/A N/A N/A
SP4 4 N/A N/A N/A N/A N/A
SP6_2 28822.33 29850.37 31224.70 32309.62 33167.83
SP6_4 (28822.33) (29973.50) (30925.26) (31675.43) (32269.09)
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SP8_2 28822.33 29963.53 31243.10 32082.43 32955.18
SP8_4 (28822.33)  |(29942.86)  |(30763.97)  |(31410.90)  |(31921.87)
SP12_2 28822.33 30080.16 31074.87 31858.28 32479.17
SP12_4 (28822.33)  |(29877.71)  |(30551.70)  |(31083.74)  |(31504.30)
SP16_2 28822.33 30033.92 30890.95 31567.00 32101.85
SP16_4 (28822.33)  |(29830.59)  |(30426.47)  |(30895.69)  |(31267.72)
SP24 2 28822.33 29951.08 30654.84 31209.63 31648.70
SP24 4 (28822.33)  |(29720.43)  |(30211.16) | (30597.95)  |(30904.27)
SP32_ 2 28822.33 29893.61 30514.92 30944.83 31391.67
SP32_4 (28822.33)  |(29632.24)  |(30056.33)  |(30391.32)  |(30655.98)

Table 1.2.2 Frequency Domain Total Power of Each Data and Subframe
Boundary Symbol (Pgata,m) when Cred coe=1

. . L1D_scattered_pilot_boost
FFT Size Pilot Pattern
000 001 010 011 100

SP3_2 7110.33 7110.33 7543.95 7861.57 8191.33
SP3_4 7110.33 7327.95 7654.33 7910.88 8114.70
SP4_2 7110.33 7236.94 7641.52 7961.26 8213.26
SP4 4 7110.33 7378.52 7666.26 7865.29 8072.61
SP6_2 7110.33 7364.80 7704.79 7972.35 8184.48
SP6_4 7110.33 7397.95 7634.83 7821.73 7969.81
SP8_2 7110.33 7392.96 7709.54 7917.41 8132.67

8K SP8_4 7110.33 7391.44 7595.59 7758.19 7885.30
SP12_2 7110.33 742214 7668.57 7863.25 8017.32
SP12_4 7110.33 7375.99 7546.56 7680.17 7786.06
SP16_2 7110.33 7411.63 7624.20 7792.37 7925.08
SP16_4 7110.33 7363.26 7511.56 7629.46 7721.49
SP24 2 7110.33 7391.43 7567.41 7704.99 7814.54
SP24 4 7110.33 7341.37 7467.34 7566.98 7645.90
SP32_2 7110.33 7377.35 7531.46 7638.46 7749.85
SP32 4 7110.33 7313.29 7419.22 7502.79 7569.50
SP3_2 14219.67 14219.67 15085.51 15720.49 16379.71
SP3 4 14219.67 14653.51 15302.71 15814.36 16219.64
SP4_2 14219.67 14472.72 15281.42 15918.52 16422.23
SP4 4 14219.67 14752.42 15325.23 15721.83 16133.97
SP6_2 14219.67 14727.15 15405.54 15941.18 16364.07
SP6_4 14219.67 14789.90 15259.85 15632.00 15925.64
SP8_2 14219.67 14783.26 15414.68 15828.94 16259.96

16K SP8_4 14219.67 14775.60 15181.94 15502.39 15756.02
SP12_2 14219.67 14841.20 15332.19 15719.86 16026.47
SP12 4 14219.67 1474417 15079.15 15342.45 15551.49
SP16_2 14219.67 14818.87 15242.01 15576.56 15840.38
SP16_4 14219.67 14722.22 15018.45 15252.17 15436.38
SP24 2 14219.67 14777.90 15126.65 15400.85 15618.19
SP24 4 14219.67 14668.66 14913.92 15107.88 15260.67
SP32_2 14219.67 14750.23 15058.02 15271.03 15492.78
SP32_4 14219.67 14620.90 14830.83 14997.45 15128.66
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SP3_2 28438.33 28438.33 30167.65 31437.32 32756.47
SP3_4 (28438.33) (29304.65) (30600.47) (31622.33) (32431.52)
SP4_2 N/A N/A N/A N/A N/A
SP4_4 N/A N/A N/A N/A N/A
SP6_2 28438.33 29451.86 30808.03 31876.86 32723.26
SP6_4 (28438.33) (29573.80) (30511.88) (31251.52) (31837.30)
SP8_2 28438.33 29563.87 30824.95 31653.00 32513.53
32K SP8_4 (28438.33) (29543.90) (30352.64) (30990.81) (31495.47)
SP12_2 28438.33 29678.30 30659.43 31433.10 32044.77
SP12_4 (28438.33) (29478.52) (30144.31) (30668.01) (31083.35)
SP16_2 28438.33 29633.34 30478.63 31144.96 31671.98
SP16_4 (28438.33) (29433.12) (30020.22) (30483.58) (30850.16)
SP24_2 28438.33 29550.86 30245.14 30792.57 31225.49
SP24 4 (28438.33) (29324.25) (29808.09) (30189.68) (30492.22)
SP32_2 28438.33 29495.00 30107.15 30531.17 30971.65
SP32 4 (28438.33) (29237.11) (29655.05) (29985.78) (30246.99)
Table 1.2.3 Frequency Domain Total Power of Each Data and Subframe
Boundary Symbol (Pgata,m) when Cred coe=2
. . L1D_scattered_pilot_boost
FFTSize Pilot Pattern
000 001 010 011 100
SP3_2 7008.22 7008.22 7435.66 7748.36 8074.82
SP3_4 7008.22 7223.66 7544.82 7798.01 7998.45
SP4_2 7008.22 7133.27 7532.48 7846.26 8095.17
SP4_4 7008.22 7272.48 7556.17 7752.08 7956.83
SP6_2 7008.22 7258.56 7594.01 7858.05 8067.22
SP6_4 7008.22 7290.91 7525.63 7709.14 7855.00
SP8_2 7008.22 7286.93 7598.64 7803.69 8016.90
8K SP8_4 7008.22 7284.84 7487.64 7646.30 7773.33
SP12_2 7008.22 7316.32 7558.85 7751.09 7901.86
SP12_4 7008.22 7270.34 7437.60 7569.88 7674.96
SP16_2 7008.22 7305.13 7514.76 7680.24 7811.25
SP16_4 7008.22 7260.28 7409.39 7526.82 7619.74
SP24 2 7008.22 7285.51 7458.63 7595.36 7702.87
SP24 4 7008.22 7235.96 7360.21 7458.55 7536.28
SP32_2 7008.22 7272.84 7425.66 7531.68 7641.99
SP32_4 7008.22 7211.14 7317.29 7400.29 7467.39
SP3_2 14009.33 14009.33 14862.84 15488.94 16139.59
SP3_4 14009.33 14437.84 15077.59 15582.50 15982.03
SP4_2 14009.33 14259.28 15055.24 15683.41 16180.94
SP4_4 14009.33 14534.24 15098.94 15490.30 15897.32
16K SP6_2 14009.33 14509.56 15178.87 15706.47 16123.45
SP6_4 14009.33 14570.72 15035.33 15401.71 15690.92
SP8_2 14009.33 14565.10 15187.77 15596.39 16021.30
SP8_4 14009.33 14557.28 14957.94 15273.51 15523.99
SP12_2 14009.33 14622.43 15106.64 15488.44 15790.44
SP12_4 14009.33 14526.74 14856.11 15116.75 15323.18

205



ATSC A/322:2026-04 Physical Layer Protocol, Annex | 14 April 2026
SP16_2 14009.33 14599.75 15018.01 15347.20 15607.61
SP16_4 14009.33 14504.15 14796.99 15026.78 15209.77
SP24 2 14009.33 14559.96 14902.97 15174.49 15388.75
SP24_4 14009.33 14452.74 14694.55 14884.91 15036.31
SP32_2 14009.33 14533.10 14836.30 15046.37 15264.94
SP32_4 14009.33 14410.50 14620.85 14786.35 14918.33
SP3_2 28017.67 28017.67 29723.29 30974.22 32275.22
SP3_4 (28017.67) (28871.29) (30149.22) (31157.61) (31954.31)
SP4_2 NA NA NA N/A N/A
SP4_4 NA NA NA N/A N/A
SP6_2 28017.67 29016.68 30353.69 31407.43 32242.01
SP6_4 (28017.67) (29136.44) (30061.84) (30791.94) (31368.85)
SP8_2 28017.67 29127.54 30371.14 31186.90 32035.22

39K SP8_4 (28017.67) (29107.27) (29905.65) (30534.05) (31032.40)
SP12_2 28017.67 29240.78 30207.33 30970.25 31573.71
SP12_4 (28017.67) (29043.66) (29699.25) (30216.61) (30625.74)
SP16_2 28017.67 29196.10 30029.64 30686.24 31206.44
SP16_4 (28017.67) (28997.98) (29577.29) (30033.81) (30395.92)
SP24 2 28017.67 29114.97 29798.77 30338.84 30765.60
SP24 4 (28017.67) (28891.40) (29368.35) (29744.74) (30042.50)
SP32_2 28017.67 29059.72 29662.71 30080.84 30515.97
SP32_4 (28017.67) (28805.32) (29218.10) (29543.57) (29801.34)
Table 1.2.4 Frequency Domain Total Power of Each Data and Subframe

Boundary Symbol (Pgata,m) when Cred coef=3
. . L1D_scattered_pilot_boost
FFT Size Pilot Pattern
000 001 010 011 100

SP3_2 6906.11 6906.11 7327.38 7636.14 7957.32
SP3_4 6906.11 7118.38 7434.32 7684.13 7882.20
SP4_2 6906.11 7029.60 7422.45 7732.26 7978.08
SP4_4 6906.11 7166.45 7446.08 7639.87 7841.06
SP6_2 6906.11 7153.32 7484.23 7743.75 7949.97
SP6_4 6906.11 7184.88 7415.42 7597.55 7741.20
SP8_2 6906.11 7180.91 7488.74 7689.97 7900.13

8K SP8_4 6906.11 7179.24 7378.70 7535.42 7660.37
SP12_2 6906.11 7209.49 7449.13 7637.93 7787.40
SP12_4 6906.11 7164.68 7329.64 7460.59 7562.86
SP16_2 6906.11 7198.63 7405.31 7569.12 7698.43
SP16_4 6906.11 7151.31 7296.21 7410.19 7500.99
SP24_2 6906.11 7179.60 7349.84 7484.74 7591.21
SP24_4 6906.11 7130.55 7254.08 7350.12 7426.65
SP32_2 6906.11 7165.32 7315.85 7419.91 7528.12
SP32_4 6906.11 7109.00 7215.35 7298.80 7365.28
SP3_2 13811.22 13811.22 14652.38 15269.62 15910.69

16K SP3_4 13811.22 14233.38 14863.69 15361.87 15755.65
SP4_2 13811.22 14057.06 14842.28 15461.53 15951.87
SP4_4 13811.22 14329.28 14885.87 15270.98 15671.88
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SP6_2 13811.22 14304.20 14963.42 15483.98 15895.05
SP6_4 13811.22 14364.76 14823.03 15183.64 15469.41
SP8_2 13811.22 14359.16 14973.09 15375.06 15793.87
SP8_4 13811.22 14351.19 14746.17 15057.86 15304.17
SP12_2 13811.22 14414.89 14892.31 15269.23 15567.63
SP12_4 13811.22 14320.54 14646.31 14903.28 15106.09
SP16_2 13811.22 14393.85 14805.24 15130.07 15387.07
SP16_4 13811.22 14299.30 14587.75 14814.62 14994 .37
SP24_2 13811.22 14354.24 14692.51 14959.35 15170.53
SP24_4 13811.22 14248.04 14486.41 14675.16 1482417
SP32_2 13811.22 14327.18 14626.80 14832.92 15048.32
SP32_4 13811.22 14201.32 14406.10 14567.47 14695.23
SP3_2 27621.44 27621.44 29302.38 30535.58 31818.42
SP3_4 (27621.44) (28463.38) (29723.42) (30716.34) (31502.55)
SP4_2 N/A N/A N/A N/A N/A
SP4_4 N/A N/A N/A N/A N/A
SP6_2 27621.44 28605.95 29923.80 30963.45 31785.21
SP6_4 (27621.44) (28724.52) (29636.24) (30355.81) (30924.84)
SP8_2 27621.44 28715.66 29940.78 30745.24 31582.35

32K SP8_4 (27621.44) (28696.09) (29482.10) (30101.74) (30592.78)
SP12_2 27621.44 28826.70 29779.67 30531.84 31126.09
SP12_4 (27621.44) (28633.25) (29279.63) (29788.66) (30192.56)
SP16_2 27621.44 28783.31 29604.09 30251.97 30764.35
SP16_4 (27621.44) (28588.29) (29158.82) (29609.48) (29966.13)
SP24_2 27621.44 28702.53 29377.85 29909.56 30330.17
SP24 4 (27621.44) (28483.00) (28953.06) (29324.25) (29618.22)
SP32_2 27621.44 28647.89 29243.71 29655.96 30083.72
SP32_ 4 (27621.44) (28397.97) (28804.59) (29125.81) (29380.12)
Table 1.2.5 Frequency Domain Total Power of Each Data and Subframe

Boundary Symbol (Pdata,m) When Cred coef=4
. . L1D_scattered_pilot_boost
FFT Size Pilot Pattern
000 001 010 011 100

SP3_2 6804.00 6804.00 7219.10 7523.92 7839.81
SP3_4 6804.00 7013.10 7324.81 7571.26 7765.96
SP4_2 6804.00 6925.93 7313.42 7618.26 7859.99
SP4_4 6804.00 7060.42 7335.99 7527.66 7725.28
SP6_2 6804.00 7048.08 7373.45 7630.44 7832.71
SP6_4 6804.00 7078.84 7306.22 7485.96 7627.39

8K SP8_2 6804.00 7074.88 7377.85 7577.25 7783.36
SP8_4 6804.00 7072.64 7269.76 7424.54 7547.41
SP12_2 6804.00 7102.67 7339.41 7525.78 7672.94
SP12_4 6804.00 7059.02 7221.68 7350.29 7451.76
SP16_2 6804.00 7093.12 7296.87 7457.00 7584.60
SP16_4 6804.00 7049.33 7194.04 7308.55 7399.24
SP24 2 6804.00 7073.68 7242.05 7374 .11 7479.54
SP24_4 6804.00 7026.15 7146.95 7242.69 7318.03
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SP32_2 6804.00 7060.81 7210.05 7313.13 7420.25
SP32_4 6804.00 7006.86 7112.42 7196.30 7263.17
SP3_2 13607.00 13607.00 14435.81 15044.18 15676.67
SP3_4 13607.00 14022.81 14644.67 15135.12 15523.16
SP4_2 13607.00 13849.72 14623.21 15233.53 15716.68
SP4_4 13607.00 14117.21 14665.68 15045.56 15441.33
SP6_2 13607.00 14092.72 14742.86 15255.38 15661.54
SP6_4 13607.00 14152.69 14603.62 14959.46 15240.79
SP8_2 13607.00 14147 .11 14751.29 15148.62 15561.33

16K SP8_4 13607.00 14138.99 14528.28 14836.09 15078.25
SP12_2 13607.00 14202.24 14672.87 15043.92 15337.71
SP12_4 13607.00 14109.22 14430.39 14683.69 14883.90
SP16_2 13607.00 14180.85 14586.36 14906.82 15159.41
SP16_4 13607.00 14088.34 14372.40 14596.34 14773.87
SP24_2 13607.00 14142.41 14475.94 14739.09 14947.20
SP24_4 13607.00 14038.22 14273.15 14458.30 14605.93
SP32_2 13607.00 14116.15 14410.20 14614.37 14826.59
SP32_4 13607.00 13997.04 14202.24 14363.48 14491.01
SP3_2 27213.00 27213.00 28869.25 30085.70 31349.40
SP3_ 4 (27213.00) (28042.25) (29284.40) (30262.84) (31037.56)
SP4_2 N/A N/A N/A N/A N/A
SP4_4 N/A N/A N/A N/A N/A
SP6_2 27213.00 28184.00 29482.69 30506.24 31317.19
SP6_4 (27213.00) (28300.38) (29199.42) (29907.46) (30468.61)
SP8_2 27213.00 28291.55 29499.19 30292.36 31116.26

39K SP8_4 (27213.00) (28271.68) (29047.33) (29658.20) (30141.93)
SP12_2 27213.00 28400.40 29340.78 30081.21 30667.25
SP12 4 (27213.00) (28209.62) (28846.79) (29349.48) (29747.17)
SP16_2 27213.00 28357.29 29167.33 29805.48 30311.03
SP16_4 (27213.00) (28165.37) (28728.11) (29171.93) (29523.12)
SP24_2 27213.00 28278.87 28943.71 29468.06 29882.51
SP24 4 (27213.00) (28061.37) (28525.54) (28891.53) (29180.72)
SP32_2 27213.00 28224.84 28811.49 29217.85 29640.26
SP32_ 4 (27213.00) (27978.40) (28379.87) (28695.83) (28946.69)

208



ATSC A/322:2026-04

Physical Layer Protocol, Annex J

14 April 2026

J.1 MISO FREQUENCY DOMAIN COEFFICIENTS

Annex J: MISO

Table J.1.1 Time Domain Impulse Response Vectors for Ny;;50=64

h1 h2 h1 h2 hs h1 h2 hs hs
0 -0.0082-j0.0031 0.0570+j0.0402 -0.0202-j0.0157 -0.0351-j0.0356 0.0436+j0.0054 0.0240-j0.0409 -0.0263-j0.0479 -0.0233-j0.0047 0.0050+j0.0373
1 0.0041-j0.0092 -0.0200+j0.0170 -0.0397-j0.0295 0.0087-j0.0039 0.0171-j0.0086 0.0012-j0.0723 -0.0301-j0.0107 0.0235+j0.0189 0.0239+j0.0232
2 -0.0192-j0.0795 -0.0538+j0.0115 0.0051-j0.0108 -0.0400-j0.0028 -0.0079-j0.0112 -0.0192-j0.0187 0.0333-j0.0063 0.0180+j0.0330 0.0302-j0.0206
3 -0.0321+j0.0025 -0.0197-j0.1022 0.0365-j0.0003 0.0228+j0.0060 0.0037-j0.0093 0.0487+j0.0256 0.0204+j0.0289 -0.0042-j0.0688 -0.0148-j0.0121
4 -0.0234+j0.0615 -0.0244-j0.0409 -0.0195-j0.0111 0.0347-j0.0134 0.0549-j0.0019 0.0508-j0.0429 -0.0105+j0.0583 0.0140-j0.0162 -0.0007-j0.0009
5 -0.0257-j0.0544 0.0925+j0.0289 -0.1033+j0.0267 -0.0351-j0.0292 -0.0391+j0.0219 -0.0400-j0.0598 -0.0649-j0.1346 -0.0297+j0.0627 -0.0177-j0.0167
6 -0.0599-j0.0362 -0.0082+j0.0075 -0.0409+j0.0354 -0.0091-j0.0239 -0.0306-j0.0150 -0.0299+j0.0292 -0.0243-j0.0626 -0.0144-j0.0526 -0.0166+j0.0221
7 -0.0472+j0.0203 0.0795+j0.0501 -0.0243-j0.0359 -0.1048-j0.0459 0.0398+j0.0042 0.0171-j0.0085 0.0599-j0.0728 -0.0466+j0.0299 -0.0181-j0.0276
8 0.0925-j0.0460 0.0124-j0.0371 -0.0291-j0.0020 0.0814-j0.0157 -0.0360+j0.0737 -0.0452-j0.0488 0.0119+j0.0809 0.0060+j0.0085 0.0012+j0.0362
9 0.0217-j0.0165 0.0266+j0.0384 0.0027+j0.1260 0.0278+j0.0517 0.0432-j0.0191 -0.1012+j0.0784 0.0566+j0.0771 0.0173+j0.1123 0.0114+j0.0245
10 |-0.1060+j0.0672 -0.0644-j0.0655 0.0495+j0.0905 -0.0310+j0.0042 -0.0297-j0.0303 0.0182+j0.0737 -0.0317-j0.1009 -0.0095-j0.0079 -0.0201+j0.0881
11 | 0.0356+j0.0135 -0.0565+j0.0211 0.0206-j0.0591 0.0082-j0.0551 -0.0421-j0.0442 0.0460-j0.0497 0.0592+j0.0811 0.0554+j0.0071 0.0430+j0.0391
12 | -0.0765-j0.0388 0.0711+j0.0100 -0.0658+j0.0847 -0.1074-j0.1147 -0.0423+j0.0888 -0.1181+j0.0534 -0.1045-j0.1392 0.0341-j0.0753 0.0106-j0.0458
13 |-0.1158+j0.1144 -0.0186+j0.0228 0.0361+j0.0878 0.0709+j0.0104 0.0681-j0.0220 -0.0447+j0.1291 -0.1084+j0.0149 -0.0615+j0.0015 -0.0337-j0.0743
14 |0.0197+j0.1516 0.1920-j0.0084 0.1156-j0.0646 0.0134-j0.0183 -0.1486-j0.0084 0.1023-j0.0167 0.0758-j0.0852 -0.1283+j0.0457 -0.0617+j0.0517
15 |-0.0359+j0.0376 0.0029-j0.0932 -0.1034-j0.0663 0.0391+j0.0550 0.1086-j0.0260 -0.0501-j0.1357 0.0799-j0.0393 0.0546-j0.1677 0.0011+j0.0323
16 |-0.0932+j0.0818 0.1438+j0.0361 -0.1042-j0.0011 0.2130+j0.1695 -0.0102+j0.0763 -0.0843-j0.1035 0.2092+j0.1991 -0.0932+j0.2335 -0.0128+j0.0034
17 | -0.0454+j0.1093 -0.0405+j0.0996 0.0373+j0.0515 -0.2063+j0.0635 -0.0520-j0.0592 -0.0382-j0.0540 -0.1139-j0.0389 -0.1123+j0.0290 -0.0525-j0.0809
18 |0.0692-j0.0114 -0.1229+j0.1549 -0.1169-j0.0665 -0.0821+j0.0257 0.0022-j0.0342 -0.0657-j0.1025 -0.0529-j0.0304 0.1421+j0.0877 -0.0457+j0.1235
19 |-0.0801-j0.0271 -0.0177-j0.1009 -0.1598-j0.0456 -0.1664-j0.1884 -0.0331+j0.0601 -0.0362-j0.0847 -0.0902-j0.1026 0.0467-j0.1229 0.1259+j0.0362
20 |-0.1156-j0.0505 0.0610-j0.0604 0.0191-j0.0271 0.0600+j0.0789 -0.0826+j0.0136 0.0219-j0.0437 0.0859+j0.0258 0.0059+j0.0987 -0.0608-j0.0147
21 |0.2071-j0.0987 0.3258-j0.0067 0.0155-j0.0469 0.1633+j0.1717 0.1155+j0.2692 0.0146-j0.0333 0.1311+j0.1771 0.0374-j0.0089 -0.0241-j0.2151
22 |0.0217+j0.1298 0.0486+j0.1430 -0.0536+j0.1606 -0.1040+j0.1295 0.0776-j0.2126 -0.1189+j0.1498 0.0212+j0.0289 -0.0469-j0.1116 -0.2348+j0.0577
23 |0.0305+j0.1189 0.0057+j0.0169 -0.0881+j0.1063 0.1314-j0.0204 0.0330-j0.0684 -0.1678+j0.0733 0.1347-j0.0075 -0.0315+j0.0372 0.0898+j0.0509
24 10.1325+j0.1816 -0.0468+j0.0400 0.0136+j0.1160 -0.1336+j0.0564 0.0150-j0.0269 -0.0205+j0.0349 -0.0492+j0.1194 -0.0329+j0.0249 0.0000-j0.0149
25 | 0.0220+j0.1673 -0.0580+j0.1502 -0.0165+j0.0980 -0.0383+j0.1788 -0.1286+j0.0254 -0.0220+j0.1345 -0.0598+j0.0809 -0.1220+j0.1634 -0.1193+j0.0479
26 | 0.2034-j0.1647 0.0839+j0.2601 0.3054-j0.0506 -0.1792+j0.2524 -0.0529-j0.3026 0.2133-j0.0547 -0.0676+j0.2751 0.0901-j0.0367 -0.1443+j0.0473
27 | 0.1139+j0.0092 -0.0909-j0.0273 0.1229+j0.1970 -0.0639+j0.0308 0.0871+j0.1886 0.1213+j0.1973 -0.0033+j0.0489 0.1698+j0.1548 0.0574-j0.1223
28 |-0.0485+j0.2120 0.0683+j0.0433 -0.1988+j0.2747 -0.0327+j0.0499 -0.0810+j0.0120 -0.1696+j0.3086 -0.1294+j0.1162 -0.0707-j0.0577 0.0818+j0.0683
29 | 0.0006+j0.0205 -0.1055+j0.0668 0.0473+j0.0365 -0.0426-j0.0327 0.0934-j0.0558 -0.0591-j0.0141 -0.1280+j0.0001 -0.1228+j0.0759 0.1011-j0.1585
30 |-0.0667+j0.0071 -0.2471-j0.0933 -0.0451+j0.1114 -0.1421-j0.0480 0.1699-j0.0469 0.0167+j0.0481 -0.0536-j0.1314 0.2568+j0.0969 -0.0604-j0.0786
31 |-0.2077-j0.2282 0.0682+j0.2381 -0.1865-j0.1219 0.0324+j0.1438 0.1644-j0.1603 -0.1727-j0.1232 0.0334+j0.1431 -0.0160+j0.0148 0.0911-j0.2836
32 |-0.1265+j0.0798 0.0195-j0.1981 -0.0820-j0.0034 0.0780-j0.0666 -0.1104+j0.0125 -0.0513+j0.0157 0.0520+j0.0127 0.1090-j0.0340 -0.1751-j0.0192
33 |0.0276+j0.1123 -0.0465+j0.0036 -0.1170+j0.0836 -0.1150-j0.0442 0.0423-j0.0163 -0.1042+j0.1508 -0.0859-j0.0728 -0.0061+j0.2155 0.0056+j0.1524
34 |-0.0043+j0.1419 -0.0331+j0.0257 0.0354+j0.0839 0.1399+j0.0277 0.0720+j0.0480 0.0128+j0.0261 -0.0147+j0.0550 0.0134+j0.0477 0.0249-j0.0000
35 |0.0147-j0.0002 0.1589+j0.0603 0.2146+j0.0002 0.0795+j0.0892 0.0027-j0.0066 0.1502+j0.0075 0.1340+j0.2318 0.0510+j0.0546 -0.1729+j0.0337
36 | 0.0066-j0.0353 0.0641+j0.1233 0.1105-j0.1351 -0.0085-j0.0374 -0.0916+j0.0016 0.1558-j0.0742 -0.0182-j0.0708 -0.0063+j0.0183 -0.0397-j0.0840
37 |-0.1775+j0.1532 0.0678+j0.1191 -0.0920+j0.0875 0.0953+j0.0980 -0.0783+j0.2550 -0.1810+j0.0746 0.0938+j0.1883 -0.0733+j0.1909 -0.0398-j0.3157
38 |-0.0491+j0.0762 0.0271-j0.2271 -0.0300-j0.1244 0.1254-j0.1780 -0.1807+j0.1094 0.0573-j0.0604 0.0505-j0.0878 -0.0475+j0.1187 0.2074-j0.0389
39 |-0.1185-j0.1370 0.0877+j0.1282 -0.1987-j0.0400 -0.1259+j0.0849 0.0347+j0.1010 -0.1213-j0.1572 -0.0316+j0.0609 -0.0415+j0.1335 -0.0265+j0.2476
40 |0.1381+j0.1197 -0.1054+j0.0719 0.0853+j0.0506 -0.1303+j0.0004 -0.0434+j0.1560 -0.0473+j0.2651 -0.1373+j0.0291 0.0628+j0.1182 0.2462-j0.1978
41 |0.0402-j0.1385 0.1926-j0.0134 -0.1360-j0.1131 0.1888+j0.0584 0.0427+j0.1170 -0.1701-j0.1300 0.2823+j0.0664 -0.0947+j0.0036 0.1360+j0.1081
42 |-0.0414-j0.0215 0.0272-j0.0083 0.0036+j0.0701 -0.1031-j0.0692 -0.0744-j0.0089 -0.0475+j0.0891 0.0269-j0.0262 0.0648-j0.2780 0.0269+j0.0323
43 | 0.0425-j0.2408 -0.0126+j0.0324 0.1415-j0.1823 -0.0871-j0.0654 -0.1619-j0.0234 0.0860-j0.1701 -0.0174-j0.0057 -0.0856+j0.0200 0.0348-j0.1474
44 | 0.0778+j0.1461 0.1290-j0.0779 -0.0022+j0.1309 -0.0039-j0.0491 0.1864+j0.1523 0.0287-j0.0118 0.0651-j0.0408 0.0757+j0.0776 -0.0682-j0.0088
45 |-0.2283+j0.0223 0.1207-j0.0885 -0.1185-j0.1542 -0.0021+j0.0591 0.1173-j0.0573 -0.2152-j0.1151 0.1702+j0.0152 0.0913-j0.1074 0.0387-j0.0759
46 | 0.0196+j0.0578 -0.0827-j0.1182 0.0331-j0.0297 -0.1821-j0.1699 -0.0136+j0.0547 0.0911-j0.0229 -0.1067-j0.1807 -0.0469-j0.0884 -0.0351+j0.1037
47 |-0.0309-j0.1078 -0.0020-j0.0275 -0.0268-j0.0252 -0.0221+j0.0450 -0.0126-j0.0084 0.0227+j0.0191 -0.0661-j0.0909 0.0390-j0.2093 -0.1447-j0.0196
48 |0.0340+j0.0156 0.0280-j0.0564 0.1085+j0.1090 -0.1060+j0.1698 -0.0269+j0.0097 0.0164+j0.0224 -0.1148+j0.1257 0.0610-j0.1203 -0.1227-j0.0640
49 |0.0431-j0.0505 -0.1056-j0.0500 -0.1165-j0.0823 0.0634+j0.0286 0.1539+j0.0925 -0.0265-j0.0111 -0.0864-j0.0229 0.0021+j0.1465 0.0076-j0.1253
50 |-0.0656-j0.1008 -0.1652-j0.0210 0.0427-j0.0327 0.0531+j0.0341 -0.0388+j0.0407 -0.0469-j0.0784 -0.0557-j0.0173 -0.0649+j0.0788 -0.0569-j0.0363
51 | 0.0719+j0.1280 -0.0103+j0.1312 -0.0317-j0.0209 0.0299+j0.0984 -0.0974+j0.1576 -0.0250+j0.1309 -0.0489+j0.1720 -0.2232+j0.0983 -0.0810-j0.0190
52 | -0.0367-j0.0387 -0.0025+j0.0292 -0.0064+j0.0446 0.0960-j0.0295 -0.0565+j0.0087 -0.0179-j0.0898 0.0189+j0.0422 0.0063-j0.0601 -0.0890-j0.1005
53 | 0.0549+j0.0875 0.0094-j0.0186 -0.0394+j0.0371 0.1152-j0.0318 -0.1553-j0.1074 0.0119+j0.0266 0.1237+j0.0095 -0.0743-j0.1217 -0.0343+j0.0293
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h1 h2 h1 h2 hs h1 h2 hs hs
54 |-0.0199-j0.0339 0.0529+j0.0211 0.0534-j0.0665 -0.0462-j0.0994 0.0834+j0.0164 0.0177-j0.0294 0.0096+j0.0209 -0.0850+j0.0442 -0.0496+j0.0054
55 | 0.0247-j0.0080 0.0285+j0.0582 0.0524+j0.0609 -0.0231-j0.0581 0.1502-j0.0071 0.0367-j0.0083 -0.0192-j0.0478 0.0500-j0.0122 -0.0468-j0.0352
56 |-0.0482-j0.0159 0.0386-j0.0935 -0.0057-j0.0144 -0.0681+j0.0278 0.1019+j0.1022 -0.0132-j0.0501 0.0511-j0.0060 0.0083+j0.0355 0.0064-j0.0181
57 |0.0474-j0.0310 0.0283-j0.0598 0.0164+j0.0052 -0.0226+j0.0018 0.0256+j0.0919 0.0458-j0.0252 0.0123+j0.0400 0.0793+j0.0643 -0.0094+j0.0168
58 |-0.0262+j0.0055 -0.0550+j0.0053 -0.0345-j0.0144 -0.0124-j0.0168 -0.0529+j0.0828 -0.0354+j0.0197 -0.0456-j0.0497 0.0799+j0.0421 0.0138+j0.0256
59 |-0.0185-j0.0061 0.0113-j0.0073 0.0396+j0.0416 -0.0306+j0.0504 -0.0240+j0.0590 0.0074+j0.0287 -0.0084+j0.0188 -0.0598+j0.0669 -0.0331+j0.1121
60 | 0.0547+j0.0236 -0.0100-j0.0336 -0.0661+j0.0017 -0.0153+j0.0185 -0.0182-j0.0669 0.0374+j0.0192 -0.0052+j0.0608 -0.0535-j0.0376 0.0025+j0.0350
61 |-0.0084+j0.0174 -0.0605+j0.0318 0.0363+j0.0182 0.0665-j0.0023 -0.0049-j0.0340 0.0393-j0.0109 0.0208-j0.0086 -0.0449-j0.0622 0.0306+j0.0165
62 | 0.0030+j0.0153 -0.0212+j0.0315 0.0092-j0.0382 -0.0147-j0.0080 0.0299-j0.0039 -0.0036-j0.0001 0.0235-j0.0157 0.0532-j0.0191 0.0001+j0.0608
63 |-0.0339-j0.0449 0.0100+j0.0136 0.0467+j0.0337 -0.0025-j0.0243 -0.0036-j0.0072 -0.0159-j0.0341 -0.0051+j0.0114 0.0824-j0.0414 -0.0023-j0.0119
Table J.1.2 Time Domain Impulse Response Vectors for Ny;50=256
h1 h2 h1 h2 hs h1 h2 hs ha

0 0.0045+j0.0013 -0.0073-j0.0104 0.0093+j0.0035 -0.0061-j0.0171 0.0090-j0.0232 0.0004+j0.0031 -0.0095-j0.0115 0.0211-j0.0237 -0.0128+j0.0022
1 -0.0108-j0.0006 0.0166-j0.0106 -0.0144-j0.0004 0.0228-j0.0183 -0.0063+j0.0283 -0.0165+j0.0023 0.0214-j0.0144 -0.0070+j0.0292 -0.0144+j0.0046
2 0.0279-j0.0059 0.0135+j0.0047 0.0299-j0.0033 0.0092-j0.0013 0.0035-j0.0104 0.0245-j0.0058 0.0091-j0.0007 0.0116-j0.0123 0.0102-j0.0130
3 0.0071+j0.0211 0.0036-j0.0299 0.0160+j0.0102 -0.0034-j0.0253 -0.0032+j0.0081 0.0167+j0.0009 -0.0083-j0.0244 -0.0091+j0.0070 0.0048-j0.0072
4 0.0110+j0.0023 -0.0134-j0.0009 0.0199+j0.0220 -0.0078+j0.0053 0.0186+j0.0177 0.0120+j0.0131 -0.0058+j0.0098 0.0220+j0.0165 0.0065-j0.0035
5 0.0030+j0.0203 -0.0218+j0.0179 -0.0067+j0.0215 -0.0151+j0.0060 0.0051-j0.0115 -0.0032+j0.0200 -0.0153+j0.0044 -0.0054-j0.0128 0.0098+j0.0061
6 0.0056-j0.0249 0.0187-j0.0170 0.0100-j0.0293 0.0271-j0.0174 0.0117+j0.0091 -0.0019-j0.0154 0.0193-j0.0141 0.0086+j0.0114 -0.0074+j0.0324
7 0.0092-j0.0039 0.0149-j0.0003 0.0134-j0.0010 0.0351+j0.0050 -0.0202-j0.0270 0.0200+j0.0029 0.0248+j0.0116 -0.0135-j0.0310 -0.0179-j0.0038
8 -0.0148-j0.0216 -0.0432+j0.0004 -0.0009-j0.0266 -0.0410+j0.0009 -0.0039+j0.0029 0.0042-j0.0238 -0.0403+j0.0087 -0.0046+j0.0073 -0.0142-j0.0178
9 0.0227+j0.0006 0.0045-j0.0103 0.0204-j0.0031 0.0096+j0.0047 0.0039-j0.0035 0.0157-j0.0064 0.0065-j0.0029 -0.0007-j0.0182 0.0133+j0.0090
10 -0.0354+j0.0028 -0.0252+j0.0062 -0.0355-j0.0003 -0.0122+j0.0075 -0.0183-j0.0057 -0.0295-j0.0042 -0.0225+j0.0106 -0.0266+j0.0079 0.0004-j0.0078
1 0.0068-j0.0218 0.0069-j0.0264 0.0197-j0.0093 0.0137-j0.0335 0.0455+j0.0020 0.0148-j0.0095 0.0148-j0.0256 0.0448+j0.0005 -0.0136-j0.0148
12 -0.0016+j0.0243 0.0301-j0.0145 0.0086+j0.0150 0.0226+j0.0110 -0.0392+j0.0015 0.0146+j0.0196 0.0306+j0.0029 -0.0357+j0.0075 0.0230-j0.0002
13 0.0215+j0.0011 -0.0007-j0.0090 0.0244-j0.0167 -0.0041-j0.0116 0.0321+j0.0336 0.0070-j0.0012 -0.0124-j0.0195 0.0398+j0.0369 -0.0029+j0.0075
14 0.0128+j0.0190 -0.0085-j0.0159 0.0133+j0.0135 -0.0114-j0.0232 0.0056+j0.0009 0.0049+j0.0226 -0.0092-j0.0208 0.0146-j0.0004 -0.0186-j0.0010
15 -0.0170-j0.0274 0.0549-j0.0085 0.0090-j0.0159 0.0509+j0.0034 -0.0306-j0.0043 0.0121-j0.0134 0.0573-j0.0050 -0.0320-j0.0088 -0.0057-j0.0272
16 0.0130+j0.0133 -0.0089-j0.0140 0.0168+j0.0208 0.0064-j0.0086 -0.0091-j0.0140 0.0223+j0.0167 0.0105-j0.0097 -0.0078-j0.0245 0.0203+j0.0036
17 -0.0226-j0.0192 0.0317+j0.0104 -0.0210-j0.0375 0.0288+j0.0066 -0.0241+j0.0136 -0.0111-j0.0337 0.0427+j0.0125 -0.0258+j0.0186 -0.0039+j0.0237
18 0.0310+j0.0146 0.0254+j0.0035 0.0229+j0.0021 0.0295+j0.0044 0.0288-j0.0617 0.0202-j0.0008 0.0247+j0.0039 0.0122-j0.0585 -0.0068+j0.0133
19 -0.0464+j0.0068 0.0057+j0.0023 -0.0420+j0.0028 0.0101+j0.0048 -0.0103+j0.0207 -0.0357+j0.0115 0.0036+j0.0034 -0.0119+j0.0227 0.0095-0.0003
20 -0.0146-j0.0082 -0.0407+j0.0112 -0.0246+j0.0031 -0.0181+j0.0293 -0.0092-j0.0465 -0.0241+j0.0010 -0.0096+j0.0298 -0.0018-j0.0460 0.0188+j0.0256
21 -0.0006-j0.0058 0.0213+j0.0073 -0.0080-j0.0268 0.0283+j0.0201 0.0419+j0.0171 -0.0029-j0.0266 0.0317+j0.0184 0.0422+j0.0124 0.0138+j0.0215
22 0.0176-j0.0200 -0.0034+j0.0153 0.0371-j0.0356 0.0050+j0.0085 -0.0087-j0.0099 0.0274-j0.0347 0.0046+j0.0082 -0.0073-j0.0089 0.0018-j0.0024
23 0.0024+j0.0210 -0.0092-j0.0131 -0.0136+j0.0227 -0.0110-j0.0237 -0.0135-j0.0066 -0.0138+j0.0159 -0.0107-j0.0248 -0.0126-j0.0086 0.0203-j0.0007
24 -0.0225-j0.0259 0.0175-j0.0359 -0.0170-j0.0142 0.0366-j0.0282 0.0237+j0.0160 -0.0062-j0.0129 0.0334-j0.0321 0.0212+j0.0121 0.0360+j0.0254
25 -0.0081+j0.0521 0.0068-j0.0005 -0.0045+j0.0480 0.0072+j0.0156 -0.0426-j0.0066 -0.0062+j0.0346 0.0025+j0.0164 -0.0488-j0.0056 0.0037+j0.0131
26 -0.0164-j0.0158 0.0384-j0.0283 -0.0071-j0.0366 0.0320-j0.0332 0.0553-j0.0275 -0.0111-j0.0339 0.0374-j0.0319 0.0524-j0.0306 -0.0168+j0.0072
27 0.0399+j0.0106 0.0472-j0.0463 0.0288+j0.0179 0.0196-j0.0537 -0.0581+j0.0043 0.0195+j0.0310 0.0079-j0.0462 -0.0643+j0.0008 0.0255-j0.0002
28 -0.0185+j0.0221 0.0095-j0.0010 -0.0264+j0.0225 0.0318-j0.0046 0.0345-j0.0152 -0.0181+j0.0247 0.0337-j0.0101 0.0315-j0.0157 -0.0028-j0.0044
29 -0.0036-j0.0069 0.0449+j0.0161 0.0237-j0.0035 0.0559+j0.0270 -0.0210+j0.0039 0.0279-j0.0055 0.0577+j0.0256 -0.0223-j0.0032 -0.0355-j0.0171
30 0.0136-j0.0067 0.1051+j0.0253 0.0027-j0.0245 0.1062+j0.0272 -0.0105+j0.0159 0.0034-j0.0307 0.0958+j0.0245 -0.0123+j0.0214 -0.0141-j0.0232
31 0.0455-0.0925 -0.0274+j0.0124 0.0570-j0.0796 -0.0388+j0.0178 0.0426+j0.0036 0.0588-j0.0812 -0.0413+j0.0127 0.0434+j0.0052 0.0025+j0.0042
32 0.0238+j0.0229 0.0293-j0.0257 -0.0026+j0.0246 0.0426-j0.0314 -0.0281+j0.0163 -0.0080+j0.0307 0.0530-j0.0345 -0.0231+j0.0217 -0.0118+j0.0155
33 -0.0113-j0.0309 -0.0134+j0.0156 0.0161-j0.0355 0.0089+j0.0377 0.0215-j0.0323 0.0104-j0.0341 -0.0017+j0.0302 0.0270-j0.0297 -0.0467-j0.0381
34 0.0486+j0.0256 0.0053+j0.0121 0.0537+j0.0316 0.0225+j0.0198 -0.0262+j0.0474 0.0543+j0.0322 0.0160+j0.0250 -0.0221+j0.0443 0.0085+j0.0129
35 -0.0266-j0.0014 0.0281-j0.0126 -0.0233-j0.0263 0.0222+j0.0202 0.0091+j0.0464 -0.0239-j0.0256 0.0101+j0.0312 0.0056+j0.0435 0.0118+j0.0267
36 0.0609-j0.0451 -0.0056+j0.0137 0.0668-j0.0349 0.0023+j0.0194 -0.0014-j0.0165 0.0737-j0.0372 -0.0038+j0.0149 -0.0002-j0.0108 -0.0522+j0.0478
37 -0.0094+j0.0148 -0.0692-j0.0589 -0.0130+j0.0105 -0.0601-j0.0445 -0.0202-j0.0010 -0.0150+j0.0085 -0.0561-j0.0541 -0.0257-j0.0058 -0.0066+j0.0363
38 -0.0168-j0.0255 0.1044-j0.0731 0.0028-j0.0168 0.0963-j0.0611 -0.0209-j0.0709 0.0014-j0.0074 0.0918-j0.0501 -0.0278-j0.0707 -0.0050-j0.0138
39 -0.0434+j0.0156 -0.0079-j0.0032 -0.0471-j0.0035 -0.0236+j0.0244 -0.0302+j0.0489 -0.0607-j0.0073 -0.0360+j0.0266 -0.0369+j0.0560 -0.0168+j0.0023
40 -0.0064-j0.0473 0.0135+j0.0164 -0.0180-j0.0594 -0.0036+j0.0153 0.0063-j0.0627 -0.0182-j0.0675 0.0022+j0.0090 0.0098-j0.0661 0.0033-j0.0110
41 0.0249+j0.0037 0.0163+j0.0300 0.0146-j0.0098 0.0120+j0.0385 -0.0171+j0.0505 0.0246+j0.0110 0.0212+j0.0352 -0.0130+j0.0416 0.0333-j0.0079
42 -0.0279+j0.0322 0.0539-j0.0584 -0.0399+j0.0276 0.0571-j0.0499 -0.0339-j0.0098 -0.0361+j0.0162 0.0541-j0.0472 -0.0414-j0.0028 0.0402+j0.0284
43 0.0254+j0.0327 0.0336+j0.0218 0.0364+j0.0317 0.0250+j0.0444 0.0145+j0.0195 0.0417+j0.0262 0.0411+j0.0436 0.0282+j0.0239 0.0216+j0.0573
44 -0.0553+j0.0010 0.0577+j0.0849 -0.0817-j0.0368 0.0264+j0.1035 0.0267-j0.0250 -0.0793-j0.0438 0.0226+j0.1087 0.0148-j0.0251 -0.0060-j0.0064
45 0.0388-j0.0333 0.0275+j0.0792 0.0265-j0.0181 0.0474+j0.0883 -0.0936-j0.0208 0.0282-j0.0134 0.0453+j0.0905 -0.0901-j0.0192 -0.0233+j0.0283
46 -0.0175+j0.0221 0.0076+j0.0362 -0.0291+j0.0104 -0.0033+j0.0433 0.0327+j0.0580 -0.0271+j0.0225 0.0125+j0.0543 0.0346+j0.0590 -0.0079+j0.0045
47 -0.0027+j0.0341 -0.0318+j0.0028 -0.0115+j0.0348 -0.0500+j0.0338 -0.0453-j0.0261 -0.0082+j0.0245 -0.0285+j0.0339 -0.0529-j0.0171 -0.0055-j0.0450
48 -0.0651+j0.0130 0.0068-j0.0110 -0.0526+j0.0168 -0.0017+j0.0269 0.0377-j0.0197 -0.0516+j0.0234 -0.0091+j0.0193 0.0401-j0.0214 0.0126-j0.0068
49 -0.0144-j0.0090 -0.0429+j0.0708 -0.0236-j0.0148 -0.0472+j0.0554 -0.1004+j0.0349 -0.0201-j0.0263 -0.0279+j0.0665 -0.1002+j0.0356 -0.0211+j0.0305
50 0.0138+j0.0292 0.0552+j0.0007 0.0075+j0.0208 0.0348-j0.0027 0.0878-j0.0337 0.0029+j0.0384 0.0298+j0.0005 0.0908-j0.0431 -0.0040+j0.0159
51 0.0051-j0.0164 -0.0155-j0.0319 -0.0096-j0.0143 -0.0051-j0.0271 0.0121-j0.0175 -0.0074-j0.0198 -0.0094-j0.0321 0.0073-j0.0057 -0.0390-j0.0801
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h1 h2 h1 h2 hs h1 h2 hs ha
52 0.0316-j0.0102 -0.0311-j0.0200 0.0194-j0.0003 -0.0375-j0.0075 0.0215+j0.0272 0.0063+j0.0011 -0.0423+j0.0058 0.0238+j0.0227 -0.0363+j0.0340
53 0.0151-j0.0249 0.1112+j0.0758 -0.0019-j0.0297 0.1114+j0.0689 0.0574+j0.0202 -0.0095-j0.0239 0.1175+j0.0629 0.0621+j0.0123 0.0000+j0.0104
54 -0.0074+j0.0144 0.0359+j0.0300 -0.0099+j0.0034 0.0183+j0.0028 0.0233+j0.0823 -0.0131+j0.0117 0.0007+j0.0022 0.0217+j0.0780 -0.0431-j0.0395
55 0.0317-j0.0189 -0.0004+j0.0000 0.0373+j0.0004 0.0039-j0.0187 0.0185-j0.0212 0.0365+j0.0050 -0.0003-j0.0056 0.0150-j0.0200 0.0296+j0.0585
56 0.0506+j0.0009 0.1122+j0.0658 0.0504+j0.0041 0.0969+j0.0775 0.0251+j0.0704 0.0614-j0.0123 0.0961+j0.0775 0.0298+j0.0636 0.0005+j0.0314
57 0.0413+j0.0186 -0.0340+j0.0650 0.0396+j0.0078 -0.0375+j0.0498 -0.0387-j0.0211 0.0199+j0.0308 -0.0342+j0.0347 -0.0417-j0.0142 -0.0879+j0.0294
58 -0.0218-j0.0459 -0.0472+j0.0367 -0.0280-j0.0447 -0.0777+j0.0331 -0.0156+j0.0313 -0.0288-j0.0496 -0.0584+j0.0244 -0.0049+j0.0294 0.0353-j0.0193
59 -0.0635-j0.0790 0.0490+j0.0665 -0.0684-j0.0761 0.0574+j0.0589 -0.0131-j0.0118 -0.0569-j0.0760 0.0618+j0.0488 -0.0120-j0.0143 0.0246+j0.0276
60 0.0002-j0.0665 0.0144-j0.0037 0.0013-j0.0687 0.0109-j0.0109 -0.0195-j0.0356 -0.0029-j0.0749 0.0094-j0.0103 -0.0142-j0.0272 0.0653+j0.0968
61 -0.0110+j0.0071 0.0780-j0.0095 -0.0266+j0.0135 0.0641-j0.0317 0.0014+j0.0456 -0.0351+j0.0013 0.0690-j0.0288 -0.0087+j0.0500 0.0260-j0.0060
62 -0.0320+j0.0072 0.0143+j0.0539 -0.0276+j0.0057 -0.0058+j0.0511 0.0110+j0.0026 -0.0374+j0.0085 -0.0118+j0.0348 0.0184+j0.0114 0.0323-j0.0155
63 -0.0526-j0.0819 -0.0611-j0.0106 -0.0436-j0.0795 -0.0697-j0.0182 -0.0485+j0.0302 -0.0520-j0.0930 -0.0829-j0.0168 -0.0512+j0.0293 0.0557+j0.0025
64 0.0762-j0.0814 -0.0369+j0.0393 0.0698-j0.0933 -0.0316+j0.0295 0.0904+j0.0699 0.0676-j0.0855 -0.0220+j0.0329 0.0972+j0.0890 0.0015-j0.0066
65 0.0174+j0.0191 0.0945-j0.0140 0.0147+j0.0168 0.0957-j0.0299 -0.0286+j0.0004 0.0141+j0.0020 0.0963-j0.0196 -0.0258-j0.0021 -0.0344+j0.0180
66 -0.0698-j0.0311 0.0182-j0.0327 -0.0625-j0.0461 0.0137-j0.0455 -0.0297+j0.0070 -0.0583-j0.0240 0.0076-j0.0453 -0.0160+j0.0054 -0.0183+j0.0599
67 -0.0830-j0.0056 -0.0032+j0.0410 -0.0810-j0.0069 -0.0044+j0.0211 -0.0921-j0.0328 -0.0727+j0.0025 -0.0010+j0.0152 -0.0876-j0.0250 -0.0084-j0.0042
68 -0.0097-j0.0280 -0.1006+j0.0134 -0.0145-j0.0330 -0.0894+j0.0093 -0.0425+j0.0557 -0.0034-j0.0268 -0.1000+j0.0111 -0.0553+j0.0453 -0.0711-j0.0018
69 -0.0109-j0.0085 0.0526-j0.1420 -0.0062-j0.0128 0.0554-j0.1531 0.0766-j0.0651 -0.0029-j0.0087 0.0512-j0.1350 0.0790-j0.0639 -0.0218-j0.0898
70 -0.0552+j0.0284 0.0129+j0.0012 -0.0499+j0.0237 0.0222-j0.0039 -0.0009+j0.0275 -0.0646+j0.0253 0.0320+j0.0005 -0.0140+j0.0222 -0.0171-j0.0459
Al 0.0061+j0.0184 -0.0032-j0.0237 -0.0014+j0.0290 -0.0145-j0.0322 0.0874-j0.0547 -0.0019+j0.0340 -0.0234-j0.0242 0.0795-j0.0535 0.0344+j0.0802
72 -0.0163+j0.0371 -0.1229+j0.0849 -0.0104+j0.0420 -0.1159+j0.0877 0.1048+j0.0251 -0.0122+j0.0312 -0.1218+j0.1005 0.1055+j0.0278 -0.0760+j0.0634
73 0.0668+j0.0585 0.0452-j0.0062 0.0406+j0.0562 0.0507+j0.0012 0.0894-j0.0730 0.0516+j0.0568 0.0513+j0.0074 0.0957-j0.0663 -0.0346+j0.0226
74 -0.0539-j0.0087 -0.0511+j0.0225 -0.0764-j0.0041 -0.0471+j0.0277 -0.0084-j0.1051 -0.0689-j0.0054 -0.0450+j0.0322 -0.0064-j0.1034 -0.0124+j0.0585
75 -0.0005+j0.0255 -0.0449-j0.0377 0.0070+j0.0200 -0.0506-j0.0361 -0.1391+j0.0839 0.0023+j0.0206 -0.0457-j0.0417 -0.1420+j0.0702 -0.0432+j0.0644
76 -0.0018+j0.0540 -0.0078+j0.0208 0.0039+j0.0623 0.0072+j0.0263 0.0437-j0.0193 0.0071+j0.0487 0.0226+j0.0302 0.0524-j0.0166 -0.0762-j0.0508
7 0.0266+j0.1584 -0.0057-j0.0098 0.0325+j0.1543 -0.0025-j0.0177 0.0022-j0.0410 0.0229+j0.1551 -0.0042-j0.0095 -0.0174-j0.0368 -0.0288-j0.0024
78 0.0391-j0.0546 -0.0526+j0.0390 0.0254-j0.0333 -0.0447+j0.0313 0.0307+j0.0856 0.0456-j0.0233 -0.0636+j0.0291 0.0305+j0.0873 0.0972+j0.0269
79 -0.0285-j0.1144 0.0603-j0.0091 -0.0331-j0.1260 0.0686+j0.0117 0.0037-j0.0202 -0.0221-j0.1167 0.0688+j0.0167 0.0137-j0.0178 0.0025-j0.0101
80 -0.0200-j0.0217 -0.0054+j0.0590 -0.0274-j0.0175 0.0058+j0.0581 0.0605+j0.0380 -0.0036-j0.0234 0.0092+j0.0675 0.0631+j0.0323 0.0278+j0.0907
81 -0.1922+j0.0431 0.0583-j0.0276 -0.1802+j0.0386 0.0462-j0.0329 0.0200-j0.0606 -0.1774+j0.0352 0.0504-j0.0324 0.0218-j0.0448 0.0737-j0.0002
82 -0.0887-j0.0415 -0.0347-j0.0286 -0.0826-j0.0474 -0.0295+j0.0021 0.0209+j0.0041 -0.0914-j0.0488 -0.0296+j0.0041 0.0269-0.0052 -0.0744+j0.0119
83 -0.0105-j0.0153 -0.0600+j0.0194 -0.0258-j0.0101 -0.0257+j0.0303 -0.0083-j0.0650 -0.0358-j0.0015 -0.0358+j0.0213 -0.0200-j0.0671 -0.0087+j0.0293
84 -0.0595-j0.0274 -0.0010+j0.0072 -0.0292-j0.0202 0.0089-j0.0029 -0.0048+j0.0147 -0.0459-0.0274 0.0073-j0.0085 -0.0154+j0.0155 0.0091-j0.0154
85 0.0361-j0.0148 -0.0057-j0.0407 0.0240-j0.0226 -0.0159-j0.0158 0.0523+j0.0753 0.0158-j0.0174 -0.0088-j0.0135 0.0603+j0.0687 -0.0211+j0.0470
86 -0.0054+j0.0302 0.0432-j0.0783 0.0220+j0.0285 0.0659-j0.0864 0.0217-j0.0103 0.0203+j0.0313 0.0602-j0.0961 0.0208-0.0089 -0.0259+j0.0374
87 0.0166-j0.0056 0.0234+j0.0464 0.0227-j0.0061 0.0261+j0.0398 0.0224+j0.0076 0.0291-j0.0062 0.0388+j0.0246 0.0244+j0.0041 -0.0365+j0.0115
88 -0.0272-j0.0169 0.0314+j0.0385 -0.0075+j0.0059 0.0223+j0.0414 -0.0859+j0.0419 -0.0112+j0.0039 0.0285+j0.0402 -0.0808+j0.0414 -0.1417-j0.0547
89 -0.0845+j0.0007 0.0422+j0.0630 -0.0633-j0.0120 0.0315+j0.0625 -0.0562-j0.0692 -0.0673-j0.0204 0.0256+j0.0598 -0.0620-j0.0623 -0.0717+j0.0396
90 -0.0234+j0.0606 0.0459-j0.0138 -0.0072+j0.0634 0.0268-j0.0225 -0.0042+j0.0299 -0.0190+j0.0629 0.0152-j0.0258 0.0037+j0.0448 0.0187+j0.0036
91 -0.0715-j0.0344 0.0434+j0.1201 -0.0747-j0.0503 0.0560+j0.1229 0.0196+j0.0285 -0.0741-j0.0483 0.0571+j0.1337 0.0269+j0.0228 -0.0888+j0.0405
92 0.0904+j0.0345 0.0294-j0.0702 0.1021+j0.0365 0.0180-j0.0793 0.0202-j0.1407 0.0910+j0.0376 0.0309-j0.0841 0.0126-j0.1322 -0.0574+j0.0049
93 -0.0377-j0.0186 -0.0677+j0.0032 -0.0387-j0.0253 -0.0775-j0.0089 0.0079-j0.1756 -0.0519-j0.0298 -0.0649-j0.0067 0.0072-j0.1659 -0.0518-j0.0061
94 -0.0195-j0.0167 0.0379+j0.0265 -0.0190-j0.0086 0.0208+j0.0134 -0.0528-j0.0365 -0.0258+j0.0056 0.0187+j0.0060 -0.0507-j0.0395 0.0202-j0.0141
95 0.0785+j0.0161 0.0332-j0.0218 0.0925-0.0026 0.0352-j0.0306 -0.1356-j0.0097 0.0995-j0.0009 0.0298-j0.0296 -0.1385-j0.0139 -0.0533-j0.0075
96 -0.0205+j0.0282 -0.0077-j0.0185 -0.0192+j0.0061 -0.0008-j0.0056 -0.0179+j0.0041 -0.0163+j0.0086 0.0099-j0.0219 -0.0272+j0.0014 0.0206-j0.0127
97 -0.0373-j0.0270 0.1006+j0.0250 -0.0179-j0.0295 0.0968+j0.0162 -0.0175+j0.0530 -0.0276-j0.0308 0.0864+j0.0268 -0.0127+j0.0379 0.0621-j0.1175
98 -0.0798+j0.1285 0.1501+j0.0007 -0.0634+j0.1162 0.1337-j0.0187 0.1435+j0.0091 -0.0626+j0.1174 0.1200-j0.0282 0.1341+j0.0126 -0.1313-j0.0155
99 -0.0070+j0.1068 -0.0057-j0.0668 -0.0086+j0.1066 -0.0097-j0.0872 -0.0251+j0.0045 -0.0080+j0.1113 -0.0172-j0.0794 -0.0116-j0.0024 -0.0265+j0.0178
100 |0.1014+j0.0033 -0.0199-j0.0404 0.1164-j0.0125 -0.0026-j0.0177 -0.0297-j0.0197 0.1088-j0.0207 -0.0092-j0.0296 -0.0320-j0.0221 -0.0194+j0.0200
101 | -0.0322-j0.0503 0.0267+j0.0521 -0.0330-j0.0678 0.0288+j0.0528 0.0118+j0.0239 -0.0399-j0.0708 0.0288+j0.0582 0.0143+j0.0308 0.0274-j0.0186
102 | 0.0449+j0.1164 -0.0138+j0.0048 0.0361+j0.1303 -0.0186+j0.0019 0.0001-j0.0607 0.0527+j0.1480 -0.0240+j0.0075 0.0050-j0.0549 0.0177+j0.0390
103 | -0.0837+j0.0089 0.0307-j0.0880 -0.0722+j0.0055 0.0252-j0.0790 0.0362+j0.0672 -0.0622-j0.0033 0.0306-j0.0892 0.0392+j0.0657 -0.0234+j0.0317
104 | 0.0767-j0.0548 0.0652+j0.0565 0.0765-j0.0633 0.0650+j0.0691 -0.0078-j0.0508 0.0701-j0.0610 0.0711+j0.0671 -0.0081-j0.0568 0.0089-j0.0008
105 | 0.0749+j0.0176 -0.0290-j0.1216 0.0801+j0.0101 -0.0285-j0.1187 -0.0297+j0.0046 0.0942+j0.0181 -0.0231-j0.1139 -0.0231+j0.0137 -0.0606-j0.0170
106 |-0.0111-j0.0612 -0.0985+j0.0166 -0.0155-j0.0604 -0.1006+j0.0184 0.0222+j0.0018 -0.0106-j0.0759 -0.0977+j0.0218 0.0250-j0.0043 -0.0566+j0.0596
107 | 0.0415+j0.0154 -0.0584+j0.0611 0.0460-j0.0040 -0.0675+j0.0707 -0.0378+j0.0158 0.0476+j0.0020 -0.0753+j0.0668 -0.0278+j0.0171 0.0872-j0.1098
108 | -0.0571+j0.0488 0.0113+j0.1151 -0.0541+j0.0487 0.0096+j0.0992 0.0262+j0.0463 -0.0402+j0.0468 0.0236+j0.1099 0.0166+j0.0358 0.0477-j0.0136
109 | 0.0505+j0.1136 0.0194+j0.0388 0.0762+j0.1252 0.0079+j0.0400 -0.0882-j0.0328 0.0710+j0.1213 0.0064+j0.0485 -0.0774-j0.0310 0.0887+j0.0408
110 | 0.0158+j0.0007 -0.0285+j0.0831 0.0262-j0.0261 -0.0326+j0.0988 0.0488-j0.0531 0.0390-j0.0065 -0.0175+j0.1053 0.0464-0.0477 0.1657-j0.0408
111 | -0.0648+j0.0715 -0.0233+j0.0246 -0.0705+j0.0612 -0.0202+j0.0068 -0.0234-j0.0290 -0.0622+j0.0677 -0.0145+j0.0059 -0.0226-j0.0205 -0.0307-j0.0767
112 | 0.0750+j0.0274 0.0403-j0.0920 0.0666+j0.0218 0.0375-j0.0783 -0.0133+j0.0278 0.0692+j0.0101 0.0530-j0.0856 -0.0268+j0.0262 -0.0776-j0.0526
113 | -0.1055-j0.0100 -0.0303+j0.0736 -0.0930-j0.0127 -0.0111+j0.0627 -0.1071+j0.0391 -0.0946-j0.0057 -0.0101+j0.0664 -0.1065+j0.0432 -0.0856-j0.0313
114 | -0.0026+j0.0536 0.0705-j0.0641 -0.0211+j0.0416 0.0643-j0.0670 0.0277+j0.0094 -0.0317+j0.0370 0.0534-j0.0607 0.0427-j0.0003 -0.0014+j0.0291
115 | 0.0586+j0.0059 0.0103-j0.0475 0.0489+j0.0103 0.0061-j0.0695 0.0234+j0.0454 0.0522+j0.0168 0.0027-j0.0533 0.0213+j0.0455 0.0812+j0.0323
116 | 0.0467+j0.0333 -0.1161-j0.0656 0.0547+j0.0219 -0.1313-j0.0666 -0.0869-j0.0849 0.0450+j0.0263 -0.1386-j0.0592 -0.0832-j0.0728 -0.0846-j0.1057
117 | 0.0458-j0.0547 0.0182-j0.0046 0.0406-j0.0510 0.0041+j0.0003 -0.1123+j0.0835 0.0403-j0.0497 0.0098-j0.0105 -0.1055+j0.0820 -0.0551-j0.0410
118 | -0.0488+j0.0044 -0.0357-j0.0162 -0.0610-j0.0032 -0.0214-j0.0243 0.0058+j0.0668 -0.0698-j0.0020 -0.0293-j0.0176 0.0307+j0.0616 -0.0377+j0.0158
119 | 0.0052-0.1456 -0.0784-j0.0139 0.0174-j0.1520 -0.0860-j0.0068 0.0248-j0.0445 0.0136-j0.1523 -0.1022-j0.0058 0.0310-j0.0445 0.1031+j0.0823
120 |-0.0093-j0.0251 0.0477-j0.0928 -0.0048-j0.0278 0.0457-j0.0899 -0.0160+j0.0586 -0.0092-j0.0333 0.0386-j0.0929 -0.0074+j0.0516 -0.0074+j0.0167

21
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121 | -0.0297-j0.1343 -0.0445+j0.0424 -0.0312-j0.1294 -0.0288+j0.0457 0.0533+j0.1065 -0.0302-j0.1293 -0.0250+j0.0395 0.0457+j0.1129 0.0298+j0.0468
122 | -0.1614+j0.0594 0.1160-j0.0114 -0.1835+j0.0412 0.1070-j0.0230 -0.0375+j0.0816 -0.1819+j0.0251 0.1014-j0.0147 -0.0388+j0.0792 -0.0603-j0.0793
123 | 0.0151-j0.0335 -0.0406+j0.0022 0.0143-j0.0269 -0.0502-j0.0085 0.1120-j0.0408 0.0168-j0.0055 -0.0455-j0.0205 0.1166-j0.0501 0.1176+j0.0203
124 | -0.0481-j0.0023 -0.0588+j0.0083 -0.0468-j0.0009 -0.0755-j0.0086 0.0768+j0.0141 -0.0513+j0.0073 -0.0699-j0.0078 0.0675+j0.0185 0.0036+j0.0357
125 | 0.1284-j0.0284 0.1201+j0.0709 0.1080-j0.0278 0.1177+j0.0525 -0.1202-j0.0365 0.0941-j0.0179 0.1111+j0.0509 -0.1232-j0.0267 -0.0224+j0.0801
126 | 0.0053+j0.0053 0.0719-j0.0576 -0.0166+j0.0021 0.0503-j0.0514 -0.0703-j0.0366 -0.0100-j0.0069 0.0550-j0.0562 -0.0747-j0.0479 -0.0650+j0.0651
127 | 0.0109+j0.0756 0.0269-j0.0645 0.0001+j0.0837 0.0223-j0.0592 -0.0003-j0.0631 0.0060+j0.0862 0.0116-j0.0573 -0.0015-j0.0661 -0.0464+j0.0179
128 |0.0179+j0.0187 -0.0094-j0.0132 0.0418+j0.0247 0.0022-j0.0192 -0.0174-j0.0283 0.0444+j0.0322 0.0005-j0.0406 -0.0185-j0.0200 -0.0845+j0.1009
129 |-0.0849+j0.0130 -0.0260+j0.0080 -0.0937+j0.0054 -0.0135-j0.0044 -0.0231-j0.0272 -0.0899+j0.0144 -0.0107-j0.0072 -0.0255-j0.0336 0.0186+j0.0074
130 | 0.0319-j0.0024 0.0712+j0.0184 0.0022-j0.0310 0.0899+j0.0276 0.0753-j0.0495 -0.0003-j0.0191 0.0956+j0.0168 0.0772-j0.0365 -0.0049+j0.0505
131 |0.0061-j0.0114 -0.0098-j0.0490 0.0079-0.0270 -0.0168-j0.0333 0.0223+j0.1358 0.0013-j0.0402 -0.0160-j0.0290 0.0150+j0.1393 -0.0724+j0.0740
132 | -0.0701+j0.0393 0.0169-j0.0200 -0.0614+j0.0397 0.0201-j0.0270 -0.0420+j0.0580 -0.0732+j0.0329 0.0138-j0.0271 -0.0412+j0.0707 -0.0311-j0.0019
133 | 0.0817+j0.0911 0.0203+j0.0482 0.0787+j0.0843 0.0118+j0.0374 -0.0073+j0.0303 0.0754+j0.0799 0.0265+j0.0422 0.0105+j0.0223 0.0256+j0.0078
134 | -0.0037+j0.0605 -0.0081+j0.1039 -0.0033+j0.0474 -0.0057+j0.1278 -0.0350-j0.0312 0.0019+j0.0442 -0.0136+j0.1175 -0.0414-j0.0247 0.1163-j0.0532

135 |-0.1555+j0.1231 -0.0098+j0.0478 -0.1693+j0.1235 -0.0035+j0.0442 -0.0489-j0.0041 -0.1632+j0.1292 0.0113+j0.0467 -0.0508-j0.0152 -0.0193-j0.0867
136 |0.0104-j0.0311 0.0522-j0.1121 0.0122-j0.0348 0.0435-j0.0966 -0.0194-j0.0817 -0.0033-j0.0291 0.0348-j0.0961 -0.0168-j0.0904 0.1069+j0.0163
137 | 0.0484-j0.0483 0.0408+j0.0629 0.0387-j0.0324 0.0481+j0.0619 0.0573+j0.0646 0.0383-j0.0287 0.0489+j0.0669 0.0574+j0.0713 0.0417-j0.0084

138 |-0.0707-j0.0378 -0.0345+j0.0585 -0.0448-j0.0390 -0.0270+j0.0647 0.0364-j0.0137 -0.0484-j0.0328 -0.0121+j0.0693 0.0329-j0.0123 -0.1473-j0.0163
139 | -0.0296-j0.0045 -0.0329+j0.0637 -0.0475-j0.0173 -0.0510+j0.0717 0.0049+j0.0492 -0.0322-j0.0234 -0.0607+j0.0727 -0.0088+j0.0524 0.0471+j0.0245
140 | 0.0104-j0.0154 0.0160-j0.0203 -0.0027-j0.0088 0.0150-j0.0242 -0.1662-j0.0627 -0.0061-j0.0265 0.0182-j0.0324 -0.1721-j0.0558 -0.0345+j0.0275
141 | -0.0072-j0.0372 -0.0493-j0.0943 -0.0096-j0.0209 -0.0541-j0.0933 -0.0128-j0.0749 -0.0050-j0.0108 -0.0608-j0.0964 -0.0176-j0.0641 0.0811-j0.0023

142 | -0.0587+j0.0054 0.0236-j0.0585 -0.0452-j0.0022 0.0074-j0.0543 0.0567-j0.0294 -0.0351+j0.0002 0.0113-j0.0474 0.0461-j0.0371 0.0889-j0.0048

143 | -0.0199+j0.2233 -0.0631+j0.0471 -0.0217+j0.2017 -0.0476+j0.0423 0.0623+j0.1011 -0.0227+j0.2009 -0.0469+j0.0469 0.0703+j0.1032 0.0584+j0.0125
144 | 0.0575-j0.0194 0.0101-j0.0456 0.0453-j0.0255 0.0045-j0.0336 -0.0303+j0.0183 0.0349-0.0280 0.0054-j0.0206 -0.0320+j0.0071 -0.0197-j0.0390
145 | -0.0081-j0.0201 -0.0138+j0.0179 0.0117-j0.0240 -0.0098+j0.0224 0.0269+j0.0697 0.0191-j0.0241 -0.0110+j0.0124 0.0412+j0.0825 0.0107-j0.0147

146 | -0.0102+j0.0222 -0.0227-j0.0014 -0.0084+j0.0352 -0.0402-j0.0055 -0.0031+j0.0668 -0.0037+j0.0320 -0.0400-j0.0097 0.0114+j0.0560 -0.0554-j0.0271
147 | 0.0369+j0.0553 0.0072+j0.0436 0.0314+j0.0585 0.0088+j0.0368 0.0580-j0.0482 0.0299+j0.0478 0.0029+j0.0327 0.0612-j0.0583 -0.0593-j0.0340
148 | -0.0254+j0.0855 0.0784-j0.0961 -0.0147+j0.0617 0.0933-j0.0768 0.0086+j0.0708 -0.0168+j0.0554 0.1017-j0.0656 -0.0033+j0.0810 -0.0785-j0.0083
149 | -0.0859+j0.0052 -0.0035-j0.0955 -0.0818+j0.0112 -0.0030-j0.0857 0.0217+j0.0084 -0.0853+j0.0271 -0.0125-j0.0844 0.0267+j0.0067 0.0780-j0.0940

150 | 0.0024-j0.1180 0.0078-j0.0019 0.0153-j0.1124 0.0169+j0.0099 -0.0453+j0.0194 0.0122-j0.1058 0.0095+j0.0143 -0.0649+j0.0093 0.0223+j0.1641

151 | -0.0433-j0.0601 0.0166-j0.0644 -0.0542-j0.0647 -0.0096-j0.0692 -0.0693-j0.0918 -0.0472-j0.0635 -0.0060-j0.0671 -0.0820-j0.0942 0.1162-j0.0177

152 | 0.0338-j0.0535 0.0060-j0.0507 0.0387-j0.0697 0.0046-j0.0480 -0.0003-j0.0054 0.0330-j0.0822 0.0098-j0.0611 -0.0005-j0.0039 0.0019+j0.0079
153 | 0.0082+j0.0065 0.0093-j0.0139 0.0013-j0.0080 -0.0241-j0.0164 -0.0853-j0.0203 -0.0081-j0.0194 -0.0325-j0.0162 -0.0726-j0.0264 0.0028-j0.0016

154 | 0.0114+j0.0212 0.0398+j0.0278 0.0163+j0.0258 0.0245+j0.0362 -0.0377+j0.0002 0.0177+j0.0373 0.0254+j0.0433 -0.0392-j0.0038 -0.0185+j0.0874
155 | 0.0669+j0.0914 0.0575-j0.0057 0.0604+j0.0681 0.0285+j0.0048 -0.0319-j0.1253 0.0732+j0.0810 0.0294+j0.0107 -0.0386-j0.1308 -0.0081-j0.0029
156 | -0.0076-j0.0434 -0.0053-j0.0052 -0.0043-j0.0310 -0.0206+j0.0028 0.0039-j0.0257 -0.0119-j0.0275 -0.0319+j0.0160 0.0072-j0.0195 -0.1267-j0.0138
157 | -0.1692-j0.0465 0.0534-j0.0198 -0.1639-j0.0362 0.0289-j0.0211 -0.0704+j0.0516 -0.1534-j0.0349 0.0346-j0.0148 -0.0786+j0.0574 0.0145+j0.0262
158 | 0.0061-j0.0173 -0.0734+j0.0097 0.0066-j0.0128 -0.0816+j0.0201 0.0259+j0.0011 0.0106-j0.0138 -0.0849+j0.0119 0.0202-j0.0029 -0.0726+j0.0598
159 |-0.0372+j0.0321 -0.1609+j0.0359 -0.0273+j0.0416 -0.1449+j0.0270 0.0336-j0.0439 -0.0240+j0.0397 -0.1517+j0.0193 0.0342-j0.0378 0.0454+j0.0474
160 |-0.0847+j0.0183 -0.0013-j0.1555 -0.0722+j0.0292 -0.0024-j0.1677 -0.0019+j0.1157 -0.0689+j0.0332 -0.0099-j0.1525 -0.0011+j0.1198 -0.0273+j0.0298
161 | -0.0148+j0.0309 -0.0824+j0.0782 -0.0326+j0.0257 -0.0629+j0.0872 0.0170+j0.1459 -0.0435+j0.0261 -0.0549+j0.0977 0.0202+j0.1299 -0.0009-j0.0804
162 | -0.1216-j0.0398 0.0067+j0.0088 -0.1075-j0.0301 0.0209-j0.0268 0.0538+j0.0024 -0.1036-j0.0213 0.0163-j0.0293 0.0584+j0.0041 -0.0094+j0.0020
163 | 0.0472-j0.0588 -0.0857+j0.0026 0.0540-j0.0550 -0.0689-j0.0030 -0.0130+j0.0329 0.0646-j0.0473 -0.0692-j0.0100 -0.0159+j0.0202 -0.0091+j0.0600
164 | -0.0243-j0.0721 -0.0223+j0.0247 -0.0210-j0.0760 -0.0246+j0.0289 0.0025+j0.0075 -0.0205-j0.0833 -0.0214+j0.0268 0.0091+j0.0178 -0.0389-j0.0208
165 | -0.0627+j0.0034 0.0467+j0.0719 -0.0843+j0.0032 0.0570+j0.0683 0.0163-j0.0529 -0.0855+j0.0084 0.0630+j0.0659 0.0185-j0.0474 -0.0103-j0.0089
166 | -0.0449-j0.0218 -0.0371-j0.0235 -0.0484-j0.0353 -0.0236+j0.0091 0.0152+j0.1191 -0.0499-j0.0329 -0.0328+j0.0053 0.0144+j0.1223 -0.0351+j0.0082
167 | 0.0586-j0.0129 0.1241-j0.0040 0.0611-j0.0004 0.1468-j0.0052 0.0377+j0.0726 0.0729-j0.0157 0.1390-j0.0042 0.0401+j0.0643 0.0990-j0.0370

168 | -0.0841-j0.1519 -0.0691-j0.0179 -0.0873-j0.1528 -0.0256-j0.0040 0.0256-j0.0046 -0.0924-j0.1429 -0.0129+j0.0032 0.0179+j0.0047 0.0110+j0.0131

169 | 0.1192+j0.0433 -0.0694-j0.0322 0.1130+j0.0324 -0.0394-j0.0396 -0.0175+j0.0525 0.1104+j0.0347 -0.0456-j0.0309 -0.0192+j0.0552 -0.1548-j0.0949
170 | 0.0221-j0.0551 -0.0237-j0.0702 0.0239-j0.0506 -0.0086-j0.0762 -0.0248-j0.0085 0.0309-j0.0577 -0.0114-j0.0780 -0.0144-j0.0140 0.1390+j0.0395
171 | 0.0011-j0.0331 -0.0382-j0.0010 -0.0057-j0.0426 -0.0559-j0.0037 0.0992+j0.0558 -0.0019-j0.0302 -0.0361-j0.0061 0.0939+j0.0553 0.0637+j0.0974
172 | 0.0077+j0.0482 0.0987+j0.0983 0.0094+j0.0433 0.0971+j0.0881 0.0660+j0.0236 -0.0015+j0.0362 0.1016+j0.0845 0.0667+j0.0266 0.1185-j0.0294

173 | 0.0634+j0.0303 0.0142+j0.0170 0.0779+j0.0424 -0.0250+j0.0422 -0.0761+j0.0151 0.0603+j0.0414 -0.0185+j0.0375 -0.0589+j0.0117 -0.0497-j0.0050
174 | -0.0655-j0.0616 0.0795+j0.0375 -0.0453-j0.0686 0.0617+j0.0549 0.0410-j0.0222 -0.0494-j0.0734 0.0561+j0.0548 0.0418-j0.0183 0.0020+j0.0127
175 | -0.0098-j0.0318 -0.0703-j0.0213 -0.0141-j0.0384 -0.0982+j0.0005 0.0590+j0.0093 -0.0120-j0.0379 -0.0945+j0.0013 0.0583+j0.0065 0.0349+j0.0165
176 | 0.0003-j0.0170 0.0191-j0.0326 0.0009-j0.0171 0.0371-j0.0353 -0.0004+j0.0330 0.0004-j0.0254 0.0399-j0.0431 0.0014+j0.0365 0.0555-j0.0116

177 |-0.0281+j0.0317 -0.0402-j0.0195 -0.0260+j0.0515 -0.0202-j0.0135 0.0649+j0.0620 -0.0266+j0.0435 -0.0148-j0.0108 0.0670+j0.0566 -0.0109+j0.0746
178 | -0.0389+j0.0493 -0.0722-j0.0347 -0.0537+j0.0259 -0.0738-j0.0271 -0.0426-j0.0069 -0.0488+j0.0352 -0.0760-j0.0227 -0.0439-j0.0116 -0.0719+j0.0407
179 | 0.0888+j0.0021 0.0038+j0.0505 0.1000-0.0170 -0.0150+j0.0348 -0.0110+j0.0108 0.1058-j0.0267 -0.0134+j0.0459 -0.0124+j0.0081 0.0912-0.0295

180 | 0.0174-j0.0422 -0.0703+j0.0704 0.0177-j0.0343 -0.0879+j0.0849 0.0210-j0.0116 0.0173-j0.0380 -0.0696+j0.0830 0.0177-j0.0023 -0.1047-j0.0247
181 | 0.0724+j0.0211 -0.0400+j0.0791 0.0729+j0.0267 -0.0230+j0.0642 -0.0669+j0.0569 0.0812+j0.0322 -0.0221+j0.0703 -0.0724+j0.0590 0.0595-0.0057

182 | 0.0177+j0.0137 -0.0438-j0.1108 0.0347-j0.0025 -0.0425-j0.1001 0.0071-j0.0049 0.0258+j0.0056 -0.0422-j0.1036 0.0115-j0.0082 0.0540-j0.0299

183 | 0.0176+j0.0210 0.0007+j0.0204 0.0127+j0.0253 0.0341+j0.0200 -0.0207-j0.0154 0.0144+j0.0159 0.0373+j0.0137 -0.0267+j0.0039 -0.0337-j0.0118
184 | 0.0103+j0.0242 -0.0389-j0.0243 0.0169+j0.0058 -0.0240-j0.0101 -0.0979+j0.0411 0.0149+j0.0106 -0.0222-j0.0047 -0.0838+j0.0484 0.0949-j0.0806

185 | -0.0493-j0.0425 0.0136-j0.0136 -0.0396-j0.0369 0.0172+j0.0061 0.0491+j0.0319 -0.0484-j0.0422 0.0168+j0.0170 0.0519+j0.0317 -0.0282+j0.0736
186 | 0.0317-j0.0938 0.1022+j0.0397 0.0277-j0.0957 0.1050+j0.0404 -0.0284+j0.0140 0.0146-j0.0976 0.1070+j0.0484 -0.0288+j0.0090 0.0260-j0.0386

187 | 0.0321+j0.0157 0.0214+j0.1137 0.0200+j0.0116 0.0082+j0.1332 -0.0762+j0.0748 0.0217+j0.0224 0.0021+j0.1277 -0.0736+j0.0737 0.0868+j0.0786
188 | -0.0674-j0.0269 -0.0226+j0.0733 -0.0572-j0.0277 -0.0019+j0.0629 -0.0723+j0.0291 -0.0622-j0.0254 0.0101+j0.0724 -0.0842+j0.0166 -0.0041-j0.0161
189 | 0.0594+j0.0010 -0.0638-j0.0740 0.0446-j0.0165 -0.0665-j0.0687 -0.1319-j0.0100 0.0412-j0.0070 -0.0653-j0.0750 -0.1247-j0.0084 -0.0439-j0.0327

212
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h1 h2 h1 h2 hs h1 h2 hs ha

190 | 0.0275+j0.0796 0.0503+j0.0227 0.0166+j0.0693 0.0794+j0.0071 -0.0602-j0.0470 0.0223+j0.0752 0.0776+j0.0021 -0.0482-j0.0541 -0.0150-j0.1164
191 | -0.0422+j0.0024 0.0187-j0.0026 -0.0497+j0.0294 0.0007-j0.0082 0.0365-j0.0101 -0.0536+j0.0136 -0.0003-j0.0222 0.0330-j0.0078 -0.0010+j0.0316
192 | 0.0128-j0.0425 0.0239-j0.0151 0.0200-j0.0486 0.0285-j0.0298 -0.0518+j0.0999 0.0261-j0.0386 0.0137-j0.0263 -0.0502+j0.1074 -0.0402-j0.0263
193 | 0.0095+j0.0124 0.0727+j0.0336 0.0217+j0.0014 0.0588+j0.0246 -0.0264-j0.0501 0.0222-j0.0023 0.0611+j0.0247 -0.0202-j0.0499 0.0195-j0.0416

194 | -0.0093-j0.0187 0.0205+j0.0658 -0.0288-j0.0162 -0.0006+j0.0671 -0.0346-j0.0091 -0.0280-j0.0185 -0.0122+j0.0609 -0.0393-j0.0030 0.0462-j0.0085

195 | 0.0284-j0.0222 0.0344+j0.0325 0.0267-j0.0192 0.0164+j0.0152 -0.0037+j0.0303 0.0213-j0.0039 0.0219+j0.0131 -0.0041+j0.0345 -0.0013+j0.0083
196 | 0.0003-j0.0051 -0.0090-j0.0018 0.0130-j0.0113 -0.0104-j0.0073 0.0188-j0.0382 0.0238-j0.0043 -0.0120-j0.0151 0.0255-j0.0323 0.0473-j0.0001

197 | 0.0309+j0.0301 0.0009-j0.0165 0.0261+j0.0148 0.0115-j0.0268 -0.0540-j0.0178 0.0264+j0.0105 0.0236-j0.0190 -0.0610-j0.0145 -0.0198-j0.0593
198 | -0.0119+j0.0321 -0.0239-j0.0247 -0.0077+j0.0362 -0.0158-j0.0287 0.0162+j0.0476 -0.0012+j0.0556 -0.0021-j0.0433 0.0197+j0.0492 0.0399+j0.0305
199 |-0.0168-j0.0029 0.0152+j0.0166 -0.0126-j0.0088 0.0239-j0.0027 0.0451-j0.0400 -0.0148-j0.0191 0.0209-j0.0087 0.0438-j0.0425 -0.0264-j0.0572
200 |-0.0005+j0.0212 -0.0063-j0.0585 -0.0037+j0.0234 -0.0232-j0.0698 -0.0468+j0.0327 -0.0112+j0.0218 -0.0177-j0.0797 -0.0535+j0.0342 0.0387-j0.0018

201 | -0.0300+j0.0279 -0.0400+j0.0258 -0.0291+j0.0419 -0.0193+j0.0157 -0.0018+j0.0444 -0.0326+j0.0460 -0.0266+j0.0221 0.0051+j0.0403 -0.0857+j0.0098
202 |0.0030-j0.0286 0.0200-j0.0259 -0.0118-j0.0150 0.0189-j0.0266 0.0426+j0.0093 -0.0083-j0.0179 0.0276-j0.0203 0.0502+j0.0121 -0.0581-j0.0174
203 | 0.0259-j0.0401 -0.0428+j0.0083 0.0271-j0.0399 -0.0346+j0.0221 -0.0286+j0.0071 0.0381-j0.0502 -0.0296+j0.0109 -0.0407+j0.0151 0.0857-j0.0301

204 |-0.0012+j0.0127 0.0151-j0.0258 -0.0121+j0.0032 0.0152-j0.0248 -0.0309-j0.0092 -0.0122+j0.0119 0.0119-j0.0177 -0.0401-j0.0054 -0.0047+j0.0318
205 |-0.0093-j0.0073 0.0086-j0.0107 -0.0013-j0.0016 0.0249+j0.0116 0.0002-j0.0121 -0.0064+j0.0024 0.0224+j0.0098 0.0063-j0.0152 -0.0071-j0.0411
206 |-0.0100-j0.0059 0.0368+j0.0410 0.0084-j0.0097 0.0519+j0.0550 0.0177-j0.0057 0.0007-j0.0033 0.0411+j0.0575 0.0193+j0.0040 0.0157-j0.0136

207 | -0.0290+j0.0482 0.0339+j0.0077 -0.0451+j0.0443 0.0259+j0.0332 0.0381-j0.0057 -0.0437+j0.0369 0.0389+j0.0251 0.0305-j0.0091 -0.0672-j0.0296
208 | -0.0415+j0.0294 -0.0005+j0.0073 -0.0418+j0.0570 0.0395-j0.0015 -0.0155+j0.0047 -0.0468+j0.0519 0.0300+j0.0071 -0.0145+j0.0101 0.0063+j0.0325
209 |-0.0072-j0.0452 0.0138-j0.0317 -0.0074-j0.0479 0.0087-j0.0280 -0.0199-j0.0427 0.0014-j0.0422 0.0106-j0.0328 -0.0102-j0.0379 0.0022+j0.0659
210 |-0.0037-j0.0259 -0.0218+j0.0017 -0.0110-j0.0353 0.0015-j0.0216 0.0336-j0.0453 0.0029-0.0339 -0.0148-j0.0189 0.0358-j0.0500 -0.0320-j0.0227
211 | -0.0238+j0.0300 -0.0089+j0.0010 -0.0296+j0.0323 -0.0233-j0.0243 0.0236-j0.0113 -0.0288+j0.0223 -0.0229-j0.0278 0.0188-j0.0027 -0.0199-j0.0471
212 | 0.0270-j0.0398 0.0143+j0.0550 0.0311-j0.0309 0.0148+j0.0589 0.0058-j0.0313 0.0145-j0.0327 -0.0030+j0.0476 0.0091-j0.0166 -0.0331+j0.0026
213 | 0.0298+j0.0227 0.0341+j0.0227 0.0226+j0.0182 0.0122+j0.0175 0.0267-j0.0149 0.0238+j0.0242 0.0127+j0.0214 0.0185-j0.0087 -0.0280-j0.0222
214 |-0.0142+j0.0130 -0.0066-j0.0270 -0.0110+j0.0048 -0.0142-j0.0128 -0.0090+j0.0204 -0.0043+j0.0048 -0.0086-j0.0198 -0.0185+j0.0229 -0.0103-j0.0005
215 | -0.0046-j0.0189 0.0312-j0.0149 -0.0075-j0.0243 0.0437-j0.0276 -0.0159+j0.0128 -0.0117-j0.0185 0.0357-j0.0229 -0.0081+j0.0080 -0.0375-j0.0327
216 | 0.0017-j0.0298 0.0246-j0.0301 -0.0034-j0.0296 0.0127-j0.0329 0.0109+j0.0014 -0.0012-j0.0296 0.0305-j0.0416 0.0103+j0.0002 -0.0207-j0.0002
217 | 0.0026-j0.0097 0.0039+j0.0004 0.0066-j0.0163 0.0097+j0.0065 -0.0308+j0.0018 0.0078-j0.0234 -0.0011+j0.0044 -0.0278-j0.0017 0.0006-j0.0300

218 |0.0260-j0.0108 0.0133-j0.0151 0.0301-j0.0276 0.0053-j0.0199 -0.0089+j0.0047 0.0232-j0.0268 0.0051-j0.0390 -0.0086+j0.0020 0.0313-j0.0094

219 |0.0105+j0.0164 -0.0198+j0.0153 -0.0012+j0.0204 -0.0337+j0.0096 -0.0033+j0.0279 -0.0131+j0.0102 -0.0337+j0.0131 -0.0058+j0.0267 -0.0429+j0.0186
220 |0.0120-j0.0159 -0.0092-j0.0096 0.0144-j0.0319 -0.0270-j0.0152 -0.0257+j0.0005 0.0147-j0.0376 -0.0243-j0.0181 -0.0254-j0.0042 0.0275+j0.0011

221 |0.0331-j0.0039 -0.0429-j0.0106 0.0366-j0.0166 -0.0427-j0.0096 -0.0130-j0.0374 0.0345-j0.0043 -0.0384+j0.0004 -0.0116-j0.0383 0.0068+j0.0368
222 |-0.0298-j0.0136 0.0097-j0.0737 -0.0130-j0.0112 0.0130-j0.0695 0.0131+j0.0205 -0.0098-j0.0122 0.0128-j0.0635 0.0108+j0.0329 -0.0257-j0.0128
223 |0.0280+j0.0142 0.0046-j0.0130 0.0272+j0.0151 0.0180-j0.0115 -0.0130+j0.0354 0.0235-j0.0001 0.0252-j0.0093 -0.0202+j0.0263 -0.0148+j0.0089
224 |0.0106+j0.0348 0.0129-j0.0058 0.0137+j0.0274 0.0152-j0.0091 -0.0193-j0.0178 0.0117+j0.0275 0.0063+j0.0004 -0.0184-j0.0273 -0.0331+j0.0263
225 |-0.0280+j0.0100 0.0170-j0.0132 -0.0393+j0.0249 -0.0013-j0.0065 -0.0342+j0.0057 -0.0366+j0.0143 0.0024-j0.0111 -0.0317+j0.0100 -0.0043+j0.0231
226 |-0.0124-j0.0233 -0.0002+j0.0411 -0.0048-j0.0319 -0.0011+j0.0314 0.0141-j0.0183 -0.0001-j0.0301 -0.0090+j0.0421 0.0196-j0.0292 0.0055+j0.0115
227 |0.0088+j0.0097 -0.0181+j0.0117 0.0107+j0.0053 -0.0328+j0.0188 0.0017-j0.0167 0.0227+j0.0184 -0.0289+j0.0131 -0.0052-j0.0148 0.0199-j0.0391

228 |-0.0110-j0.0159 -0.0175+j0.0156 -0.0056-j0.0216 -0.0220+j0.0128 -0.0351+j0.0126 -0.0073-j0.0195 -0.0206+j0.0193 -0.0308+j0.0140 -0.0201+j0.0412
229 |0.0194-j0.0227 0.0171-j0.0348 0.0226-j0.0259 0.0021-j0.0353 -0.0064-j0.0034 0.0278-j0.0195 -0.0057-j0.0389 -0.0090-j0.0070 -0.0018+j0.0373
230 |0.0193+j0.0144 -0.0171+j0.0149 0.0116+j0.0031 0.0068-j0.0003 0.0078-j0.0102 0.0095-j0.0022 0.0056-j0.0005 0.0127-j0.0124 -0.0171+j0.0203
231 |0.0087+j0.0212 -0.0010-j0.0102 0.0016+j0.0153 0.0081-j0.0041 -0.0159+j0.0141 -0.0081+j0.0198 -0.0024+j0.0033 -0.0128+j0.0053 0.0143-j0.0111

232 |-0.0011-0.0032 -0.0067+j0.0091 0.0231-j0.0165 -0.0087+j0.0017 -0.0029-j0.0209 0.0206-0.0085 -0.0068+j0.0040 -0.0087-j0.0211 -0.0017+j0.0153
233 |0.0008-j0.0128 0.0035+j0.0365 0.0008-j0.0113 0.0058+j0.0142 0.0256-j0.0014 -0.0043-j0.0150 -0.0015+j0.0212 0.0289+j0.0034 0.0006+j0.0331

234 |-0.0143+j0.0075 -0.0154-j0.0095 -0.0108+j0.0108 -0.0212-j0.0038 -0.0088+j0.0150 0.0038+j0.0112 -0.0220-j0.0047 -0.0091-j0.0004 -0.0093+j0.0003
235 |0.0067+j0.0023 -0.0002+j0.0072 0.0191+j0.0025 0.0021-j0.0034 -0.0086-j0.0279 0.0204+j0.0041 0.0031+j0.0026 -0.0156-j0.0245 -0.0059-j0.0063
236 | 0.0048-j0.0023 0.0148-j0.0097 -0.0050+j0.0091 0.0088-j0.0018 -0.0030-j0.0175 -0.0062-j0.0044 0.0070-j0.0146 0.0092-j0.0066 -0.0174+j0.0213
237 |0.0019+j0.0119 -0.0171+j0.0066 -0.0096+j0.0202 -0.0041+j0.0040 0.0255-j0.0158 -0.0074+j0.0108 -0.0035-j0.0004 0.0224-j0.0202 0.0157+j0.0087
238 |0.0062-j0.0109 0.0117-j0.0174 0.0193-j0.0312 0.0154-j0.0112 0.0069-j0.0032 0.0211-j0.0214 0.0091-j0.0077 0.0037+j0.0032 0.0032+j0.0060
239 |0.0046-j0.0070 -0.0061-j0.0079 0.0156-j0.0061 -0.0038+j0.0045 -0.0011+j0.0091 0.0184-j0.0080 0.0033+j0.0068 0.0033+j0.0121 0.0102-j0.0135

240 | 0.0029+j0.0001 -0.0015-j0.0015 -0.0002-j0.0026 0.0004-j0.0105 -0.0081-j0.0122 0.0038+j0.0089 -0.0061-j0.0087 -0.0031-j0.0144 -0.0061+j0.0076
241 |-0.0022+j0.0163 -0.0070-j0.0044 0.0108+j0.0230 -0.0160-j0.0010 -0.0012-j0.0213 0.0050+j0.0260 -0.0139-j0.0002 -0.0002-j0.0118 0.0368+j0.0192
242 | -0.0295+j0.0057 -0.0049+j0.0038 -0.0212+j0.0071 -0.0099-j0.0058 0.0165+j0.0158 -0.0251+j0.0103 -0.0114+j0.0032 0.0163+j0.0145 0.0034+j0.0037
243 |-0.0101-j0.0004 -0.0119-j0.0071 -0.0185-j0.0032 -0.0224+j0.0001 0.0004-j0.0053 -0.0140-j0.0046 -0.0124-j0.0053 0.0008-j0.0097 -0.0199-j0.0199
244 1 0.0114+j0.0042 -0.0049-j0.0088 0.0123-j0.0045 -0.0095-j0.0042 -0.0204-j0.0001 0.0102-j0.0027 -0.0035-j0.0025 -0.0129-j0.0002 -0.0065-j0.0138
245 |-0.0068-j0.0129 0.0226-j0.0010 -0.0010-j0.0055 0.0204+j0.0067 -0.0004-j0.0044 -0.0022+j0.0001 0.0208+j0.0024 -0.0003-j0.0054 0.0144+j0.0109
246 |0.0088-j0.0014 -0.0028+j0.0009 0.0232-j0.0064 0.0001+j0.0198 0.0019-j0.0211 0.0288+j0.0004 0.0006+j0.0152 0.0086-0.0256 -0.0062+j0.0088
247 |0.0313+j0.0246 0.0186-j0.0140 0.0365+j0.0228 0.0130+j0.0022 0.0152-j0.0104 0.0359+j0.0226 0.0058+j0.0051 0.0285-j0.0079 -0.0054+j0.0072
248 |0.0066+j0.0117 0.0041+j0.0084 0.0001+j0.0158 -0.0015+j0.0081 0.0322+j0.0028 -0.0069+j0.0128 -0.0016+j0.0084 0.0262+j0.0063 0.0274-j0.0110

249 | -0.0040+j0.0040 -0.0156+j0.0193 0.0126+j0.0173 -0.0116+j0.0104 -0.0033+j0.0097 0.0070+j0.0100 -0.0100+j0.0088 -0.0029+j0.0076 0.0147-j0.0075

250 |-0.0100+j0.0104 -0.0136-j0.0069 -0.0084+j0.0106 -0.0090-j0.0136 -0.0019+j0.0100 -0.0129+j0.0045 -0.0045-j0.0140 0.0045+j0.0081 0.0022-j0.0041

251 |-0.0125-j0.0134 -0.0173-j0.0058 -0.0184-j0.0067 -0.0215-j0.0125 0.0099-j0.0165 -0.0151-j0.0074 -0.0190-j0.0092 0.0050-j0.0155 0.0092-j0.0105

252 |-0.0138-j0.0121 0.0017+j0.0120 -0.0067-j0.0112 0.0023+j0.0051 0.0045-j0.0186 -0.0007-j0.0046 0.0034+j0.0046 -0.0008-j0.0144 -0.0046+j0.0081
253 | 0.0010+j0.0004 -0.0063+j0.0088 0.0002+j0.0045 -0.0128+j0.0100 0.0165+j0.0075 -0.0020+j0.0061 -0.0031+j0.0174 0.0179+j0.0127 0.0018-j0.0135

254 | -0.0000+j0.0090 0.0119+j0.0029 -0.0115+j0.0071 0.0076+j0.0087 0.0158+j0.0100 -0.0150+j0.0070 0.0075+j0.0059 0.0155+j0.0098 0.0255+j0.0003
255 |-0.0002-j0.0013 0.0166+j0.0096 0.0020-j0.0006 0.0229+j0.0085 -0.0073+j0.0084 -0.0005-j0.0001 0.0212+j0.0115 -0.0062+j0.0095 -0.0089+j0.0243

213
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Annex K: Channel Bonding

K.1 INTRODUCTION
In channel bonding, data of a single PLP connection is spread over two or more different RF
channels. Primarily channel bonding enables total service data rates that exceed the net capacity
of a single RF channel, but it can also be used to exploit the frequency diversity among multiple
RF channels. In this Annex the description is of channel bonding for two channels. The two RF
channels may be located at any channel frequency, not necessarily adjacent to each other. The use
of channel bonding is optional, but when it is used it shall conform to the description in this Annex.

Channel bonding is compatible with other features including MIMO, LDM, PAPR reduction,
MISO, and so on.

Channel bonding is processed transparently, such that the output stream on the receiver side is
equal to the corresponding input stream on the transmitter side.

Figure K.1.1 shows a simple block diagram of a channel bonded system.
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Figure K.1.1 Simple block diagram of channel bonding.

All data packets of a PLP transmitted in channel bonding mode shall pass through a common
input formatting block (i.e., utilizes same L1D_plp_id value on all RF channels), where the Baseband
Header of the Baseband Packet is inserted. L1D_rf_id can be used in combination with L1D_plp_id to
uniquely identify the partitioned stream for each RF channel. When channel bonding is used, the
Baseband Header extension counter shall always be used (see Section 5.2.2.3.1 for details). This
allows for correct reordering of the packets from different RF channels at the receiver side even in
the presence of different delays on each RF channel. The ordering of Baseband Packets shall be
maintained. At the output of the stream partitioning block, the Baseband Packets of the bonded
PLP for each of the two partitioned streams shall be FEC encoded, bit-interleaved and modulated
individually and transmitted on different RF channels. The use of channel bonding does not depend
on the cell multiplexing method, channel bonding may be used with any valid multiplexing method,
including LDM.

Since there are two BICM chains used in channel bonding, the total required TI memory will
be twice that of a single chain. When channel bonding is used with MIMO, the total required TI
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memory will be four times of that required for a single transmitter chain engaged with a single
Polarization.

Figure K.1.2 shows the transmitter side processing for channel bonding, with the joint input
formatting stage showing Baseband Header insertion followed by stream partitioning.
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Packets

Input Formatting
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Baseband framer & Baseband
l
scrambler Header

| —
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Figure K.1.2 Transmitter side processing for channel bonding.

Channel bonding is possible in two operation modes, which can be selected by
L1D_plp_channel_bonding_format as described in Table 9.25. The first mode is Plain Channel
Bonding and is described in Section K.2, the second is Channel Bonding with SNR Averaging and
is described in Section K.3.

K.2 PLAIN CHANNEL BONDING
For plain channel bonding, the cell exchange stage in Figure K.3.1 shall be disabled, that is the
two transmitter chains shall operate without any interaction after stream partitioning.

For plain channel bonding, each RF channel may use different parameter settings such as
bandwidth, modulation, coding, FFT, guard interval length, and so on. Each RF channel is
effectively handled as a standalone signal.

When bonded RF channels are configured with different BICM parameters for a channel-
bonded PLP, the Baseband Packets for that channel-bonded PLP may have a different length on
each of those bonded RF channels. When creating a Baseband Packet for a channel-bonded PLP,
the Input Formatting block shall use the Baseband Packet length corresponding to the channel-
bonded PLP’s BICM parameters for the RF channel over which that Baseband Packet will be
processed and transmitted.
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In order to limit the memory size of the reconstruction circuit at the receiver side, load
balancing is applied in the stream partitioner for plain channel bonding: The Baseband Packets
shall be assigned to the two different modulation and encoding chains of the RF channel in
proportion to their respective PLP rates. For example, if the same PLP rate is used in the two RF
channels, Baseband Packets are equally split between the two RF channels. Note that PLP rate
refers to uncoded PLP payload bitrate, i.e., the net data rate before Baseband Packet Header
insertion and FEC encoding.

In addition, no more than 5 consecutive Baseband Packets shall be allocated to the same RF
channel.

As an example, this mode can be used for different robustness levels across two RF channels
to compensate for differing propagation characteristics, for example on one VHF and one UHF
channel.

K.3 CHANNEL BONDING WITH SNR AVERAGING

When channel bonding with SNR averaging is used, the cell exchange block after the BICM stages
shall be enabled. This bonding mode is intended to improve the PLP performance by increased
diversity across the two RF channels.

For channel bonding with SNR averaging, the PLP rate on each RF path shall be the same. The
stream partitioning block shall create Baseband Packets in an alternating way for the two BICM
encoders.

From BICM stages

Sia + + Sia

Cell exchange

vy

8i1 8i2
To Tl ToTI

of RF1 of RF2

Figure K.3.1 Cell exchange block.

The cell exchange shall be applied on PLP level and shall multiply the vector including both
cells for each input path at index i (i =0...Ncens-1) by a cell exchange matrix:

iy _ (1 0\ (Siz .
(gi,z) = (0 1) (Si,z) for i even
iy _ (0 1\ [Sia .
(gz,z) - (1 o) (Si,z) for i odd,
with, si 1 and s;> defined as the input cells of the cell exchange and g; 1 and gi» defined as the output

cells towards the time interleavers of the RF channels RF 1 and RF 2. RF 1 and RF 2 shall be used
as listed by the parameter L1D_rf_id in the RF frequency loop of the L1-Detail signaling.

As a result, every second cell of each channel-bonded BICM encoder is sent to the other
transmitter signal. This provides SNR averaging across the two RF channels used and results in an
overall improved decoding performance of channel bonded PLPs, due to increased diversity.
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To enable low-complexity cell re-exchange on the receiver side, the framing of both RF
channels shall be synchronized. This includes time synchronicity for bootstrap, Preamble, same
OFDM waveform parameters as well as the same scheduling of the PLP in the payload Frame. In
this mode, the PLP of each RF channel shall use the same ModCod setting, same Inner Code and
Outer Code, same MIMO setting, number of FEC Blocks per Subframe as well as TI mode and
configuration.

K.4 CELL/PLP MULTIPLEXING

At least one RF channel of channel-bonded RF channels may be composed of multiple PLPs that
are multiplexed within the RF channel by FDM, LDM, TDM, and their combination manners as
described in Section 7.2. In this case, channel-bonded PLP(s) can be multiplexed with other PLPs
not using channel bonding. LDM combines two cells belonging to different PLPs in the same RF
channel, and the combined cell is treated as and mapped to a single cell within a Subframe in
Framing. In addition, since channel bonding combines two PLPs of different RF channels and is
independently applied to each PLP, LDM Combining shall be done after cell exchange. Therefore,
whether to use channel bonding for Core PLP and Enhanced PLP can be determined independently.

Figure K.4.1 shows a simple block diagram of channel bonding with use of LDM. Dashed lines
show blocks specific to channel bonding with SNR averaging, and dotted lines show blocks
enabled by the inclusion of layered division multiplexed PLP(s) in channel bonding process.

When plain channel bonding is used, two PLPs in different RF channels can be bonded while
having different scheduling parameters including layer setting, multiplexing scheme, and framing
information such as PLP size, PLP start, PLP type, and so on. When channel bonding with SNR
averaging is used, the two mutually bonded PLPs shall be configured with the same scheduling
parameters, including the layer indices of PLPs, in order to achieve low complexity. This means
that Core PLP shall be channel-bonded only with Core PLP, and Enhanced PLP shall be channel-
bonded only with Enhanced PLP, respectively.

When channel-bonded and nonbonded PLPs assemble a complete delivered product, while all
involved PLPs use SISO, the total TI memory required for the complete delivered product shall be
twice the amount specified in Section 7.1.2. Simultaneously, for each RF channel, the group of
PLPs consisting of all nonbonded PLPs within this complete delivered product shall individually
satisfy the TI memory constraint specified in Section 7.1.2. When any MIMO PLP is included in
the complete delivered product consisting of channel-bonded and nonbonded PLPs, the overall TI
memory increases to four times the amount described in Section 7.1.2.
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Annex L: MIMO

L.1 OVERVIEW

MIMO (Multiple-Input Multiple-Output) improves robustness via additional spatial diversity
and/or increases capacity by sending two data streams in a single RF channel (spatial
multiplexing). The spatial multiplexing gain is achieved only in the case of MIMO, and allows
overcoming the capacity limit of single antenna wireless communications in a given channel
bandwidth. Note that, to obtain the increase in channel capacity that can be provided with use of
MIMO, a higher total transmission power than in the single-antenna case will be required if the
same service area and S/N threshold are to be maintained. For SIMO (Single-Input Multiple-
Output) and MISO (Multiple-Input Single-Output) only spatial diversity gain is achieved. MIMO
is an optional technology but when adopted shall conform to the requirements of this Annex.

In this version of the specification, MIMO processing is restricted to a 2x2 antenna system,
with the two antennas orthogonally polarized with respect to one another. This means that at least
two effective antennas, operating with different radiation Polarizations, and thereby creating
independent propagation paths, must be present at both transmitter and receiver locations. In
practice, cross-polarized MIMO antennas (e.g., having horizontally and vertically polarized
elements or possibly having elements rotated 45 degrees in the same direction from horizontal and
vertical) should be used. Transmitters should include individually fed cross-polar antennas, and
receivers should include individually connected cross-polar pairs of antennas in order to receive
and decode MIMO signals.

Figure L.1.1 depicts a MIMO transmission chain. Two new blocks can be identified, providing
MIMO mapping and MIMO Precoding functions. The MIMO transmission chain re-uses as many
blocks as possible from SISO, including FEC codes, bit interleavers, constellations, and frequency
and time interleavers. Additional pilot patterns have been defined for MIMO such that the same
echo tolerance/Doppler performance as for SISO is achieved. All blocks not specifically
mentioned in this Annex, such as input formatting, guard interval, etc. shall follow their
specifications for SISO.

219



ATSC A/322:2026-04 Physical Layer Protocol, Annex L 14 April 2026

Framing & Waveform [}
——> g. —— . —» 3
Interleaving Generation <
0 2
BICM '-g i
<
Q
Input . ° g 5
. —p |2 = 22 a L=l
Formatting = o =
> S <th
= =
Framlng.& > Waveform g
Interleaving Generation o

Figure L.1.1 MIMO block diagram.

The MIMO MAP function consists of a DeMultiplexer block followed by bit-to-IQ-mapping
blocks. A block diagram of the MIMO MAP is shown in Figure L.1.2.

MIMO MAP
—| Bit-to-1Q Mapping > > Cells for
. | for Even Vector Tx 1
Bit Interleaved > o SISO S
FEC Frames | DeMultiplexer |
> Bit-to-1Q Mapping > > Cells for
| for Odd Vector Tx 2

Figure L.1.2 MIMO MAP block diagram.

MIMO processing shall not be applied to Bootstraps or Preambles. MIMO processing shall be
applied only to Subframes.

MIMO shall not be used with ACE, however the remaining features of the specification,
including LDM and channel bonding, are compatible with MIMO. This Annex describes the
specifications for MIMO not combined with LDM. The combination of MIMO and LDM is

described in Annex O.

L.2 FEC CODING
The same FEC codes as in Section 6.1 shall be used for MIMO.

L.3 BIT INTERLEAVING
The same bit interleavers as in Section 6.2 shall be used for MIMO.
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L.4 MIMO MAPPING

L.4.1 Demultiplexer

The MIMO demultiplexer is composed of two stages. The first stage is exactly the same as the
SISO demultiplexing described in Section 6.3.3. The second stage alternately spreads the output
vectors of the first stage SISO demultiplexer into two constellation mappers, one for each
transmitting Polarization.

At the second stage, the even vector (yo,2u, ..., Vamon-1,2,) and the odd vector (yo2n+1, ..., Viamon-
122+1) are input to the mappers of transmitting Polarizations #1 and #2 respectively, where 7 is the
value for indexing each vector:

N,
n = (O) 1;2; ---,N —_ 1)' N — [ CzellJ

Necen 1s the number of the output data cells for each FEC Frame input to the demultiplexer, as shown
in Table 6.14.

L.4.2 Constellations
The same constellations as in Section 6.3 shall be used for MIMO. The same modulation order
shall be transmitted in both Polarizations.

The combination of 256QAM and FEC codes with length Niu.e=16200 bits shall not be
allowed, since it does not yield an integer number of modulated cells per Polarization per FEC
Block. All remaining ModCod combinations are feasible for MIMO.

For MIMO L1 signaling does not signal the modulation order as for SISO, but rather the bits
per cell unit (bpcu), which defines the overall spectrum efficiency per cell for the two
Polarizations, as shown in Table L.4.1.

Table L.4.1 Bits Per Cell Unit and Modulation for MIMO

Bits per Cell Unit (bpcu) MIMO Modulation

4 Tx1 |QPSK
Tx2 |QPSK

8 Tx1 |16QAM
Tx2 |16QAM

12 Tx1 |64QAM
Tx2 |64QAM

16 Tx1 |256QAM
Tx2 |256QAM

20 Tx1 [1024QAM
Tx2 [1024QAM

24 Tx1 |4096QAM
Tx2 |4096QAM

L.5 PRECODING

MIMO precoding acts on a pair of input constellation symbols (X2, Xzi+1), where i is the index of
the cell pair within the FEC Block, and creates a pair of output constellation symbols as depicted
in Figure L.5.1. Encoded cell pairs (52, Szi+1) shall be transmitted on the same OFDM symbol and

221



ATSC A/322:2026-04 Physical Layer Protocol, Annex L 14 April 2026

carrier from transmitting Polarization #1 (Tx1) and transmitting Polarization #2 (Tx2),
respectively.

MIMO precoding is never applied to Bootstraps or Preambles, only to Subframes.

Xo{ TxI) —>» — S Tx1)

MIMO
Precoding

Xoir1(Tx2) —») —> S211(Tx2)

Figure L.5.1 Generic MIMO Precoding block diagram.

MIMO precoding is based on spatial multiplexing, and consists of three different steps, as
depicted in Figure L.5.2:

e Stream combining
e IQ polarization interleaving
e Phase hopping

MIMO Precoding

Xo{(Tx1) —F—> > > —F—> 5,(Tx1)

| Stream Phase |

o Polarization Hobbin
g Y241(Tx2)| Interleaving | Z541(Tx2) PpINg

X2j+1(TX2) _|> _|> 52j+1(TX2)

Figure L.5.2 Detailed MIMO precoding block diagram.

MIMO precoding shall be applied at the PLP level. Each of the three sub-blocks of MIMO
precoding is optional. This allows for the possibility of configuring the precoder in a transparent
way in the transmission chain, such that the output pair of cells is exactly the input pair of cells.
This particular case is known as plain spatial multiplexing.

S2i+1(Tx2) = Z5;41(Tx2) = Y5341 (Tx2) = X511 (Tx2)

The next subsections describe the signal processing performed at each sub-block of the
precoding when used. If not used, the output pair of cells shall be exactly the same as the input
pair of cells.

L.5.1 Stream Combining

The stream combining consists of a combination of the pair of input constellation symbols based
on a rotation matrix with angle 8. The value of the rotation angle is fixed and its value depends on
the modulation and coding used in the PLP. The stream combining operation shall be
mathematically expressed as follows:
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[ Y,i(Tx1) ] _ [cosH sin 6 [ X,i(Tx1)
Y,i+1(Tx2) sinf —cos811X,;,,(Tx2)

Table L.5.1 defines the value of the rotation angle 8 for each modulation order and code rate.

Table L.5.1 Rotation Angle for the Stream Combining

MIMO MIMO Modulation Order

Code  4ppcu 8bpcu 12bpcu 16bpcu 20bpcu 24bpcu

Rate  (QPSK  (16QAM  (64QAM  (256QAM  (1kQAM  (4kQAM
pairs) pairs) pairs) pairs) |pairs) pairs)

2/15 0° 0° 0° 0° 0° 0°

3/15 0° 0° 0° 0° 0° 0°

4/15 0° 0° 0° 0° 0 0

5/15 0° 0° 0° 0° 0 0

6/15 5° 0° 0° 0° 0 0

7/15 5° 0° 0° 0° 0 0

8/15 20° 0° 0° 0° 0 0

9/15 20° 0° 0° 0° 0 0

10/15 35° 0° 0° 0° 0 0

11/15 35° 5° 0° 0° 0 0

12/15 35° 5° 0° 0° 0 0

13/15 45° 5° 0° 0° 0 0

L.5.2 1/Q Polarization Interleaving

The I/Q Polarization interleaver is simply a switching interleaving operation, such that the output
cells consist of the real (i.e., In-phase) component of one input symbol and the imaginary (i.e.,
Quadrature) component of the other input symbol. The I/Q polarization interleaving shall be
described by the following equations:

Z5;(Tx1) = Re{Y,;(TxD)} +j - Im{¥5;,1(Tx2)}
Z5i+1(Tx2) = Re{Y;;41(Tx2)} + j - Im{Y5;(Tx1)}

L.5.3 Phase Hopping

The phase hopping consists of a phase rotation to the symbols of the second transmitting
Polarization. The phase hopping operation shall be mathematically expressed as follows:

[ S,i(Tx1) ]_ [1 0 ” Z,;(Tx1)
Syiv1(Tx2)l L0 e/®DI(Z,;,1(Tx2)

where ¢ is the phase rotation angle, defined by the following equation:

Ncells

-1
2

¢ (1) =2Wni, (N=9),i=0,..,

where N, is the number of cells per FEC Block. The phase rotation is initialized to 0 radians at
the beginning of each FEC Block and is incremented by 2n/9 radians for every cell pair.

223



ATSC A/322:2026-04 Physical Layer Protocol, Annex L 14 April 2026

L.6 TIME INTERLEAVER

The same time interleavers as in Section 7.1 shall be used for MIMO. Since the time interleaving
is carried out after the generation of two MIMO streams there are two parallel time interleavers.
The time interleaving applied to both MIMO streams shall be identical. The total memory
requirement as described in Section 7.1.2 applies to each time interleaver for each Polarization.
Hence, time interleaving for MIMO requires twice the memory as is required for SISO. When
MIMO is used with channel bonding, the total memory requirement is proportional to the number
of combined RF channels compared to the memory required for MIMO transmission within a
single RF channel. In this version of the specification, the total memory requirement for MIMO
with channel bonding is twice and four times that of MIMO and SISO transmissions within a single
RF channel, respectively.

When SISO and MIMO PLPs assemble a complete delivered product, the total TT memory
required for the complete delivered product shall be twice the amount specified in Section 7.1.2.
Simultaneously, the group of PLPs comprising all SISO PLPs within this complete delivered
product shall individually satisfy the TI memory constraint specified in Section 7.1.2.

Extended interleaving mode as defined in Section 7.1.3 may be optionally enabled. Extended
interleaving shall only be used when the modulation is QPSK and MIMO precoding is disabled
(L1D_plp_mimo_stream_combining == 0 and L1D_plp_mimo_IQ_interleaving == 0 and L1D_plp_mimo_PH
==0).

L.7 FRAMER

MIMO Frames shall be built according to Section 7.2.

The specific multiplexing techniques allowed for MIMO shall be the following:

e Time division multiplexing (TDM), as described in Section 7.2.7.3.

e Frequency division multiplexing (FDM), as described in Section 7.2.7.5.

e Time and frequency division multiplexing (TFDM), as described in Section 7.2.7.6.

The number of available data cells for cell multiplexing can be obtained from tables in Section
7.2.6. Equivalent SISO pilot patterns that have the same number and position as those of MIMO
scattered pilot patterns shall be used for a table lookup. Equivalent SISO scattered pilot patterns
are shown in Table L.9.2.

Data cell indexing described in Section 7.2.6.1 is applied individually to Polarizations #1 and
#2. Initialization of data cells accordingly proceeds independently for each Polarization. For
available data cells in a MIMO subframe, dummy modulation values shall be generated in parallel
for each Polarization, following the same process defined in Section 7.2.6.5. Each Polarization
shall initialize its available data cells with those generated dummy modulation values before
overwriting them with actual PLP data. With parallel data cell indexing, an identical sequence of
dummy modulation values shall be independently allocated to each Polarization.

MIMO PLP data cells shall not be allocated to any cells in Preamble symbol(s), even if there
are available cells remaining in the last Preamble symbol. SISO PLP data cells may be allocated
to any remaining cells in the last Preamble symbol.

This version of the specification specifies the multiplexing between MIMO and SISO PLPs as
follows: TDM between MIMO and SISO PLPs is allowed on a subframe basis, but not within a
single subframe; LDM of MIMO and SISO PLPs is allowed as described in Annex O.
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L.8 FREQUENCY INTERLEAVING
The same frequency interleaver as in Section 7.3 shall be used for MIMO.

L.9 PILOT PATTERNS

L.9.1 Pilot Polarization Encoding

MIMO pilots fall on exactly the same positions as for SISO, but the amplitudes and/or phases of
the scattered, continual, edge, and Subframe boundary pilots may be modified compared to SISO.
Two MIMO pilot Polarization encoding algorithms are defined, namely:

e Walsh-Hadamard encoding.

e Null pilot encoding.

Only one MIMO pilot encoding algorithm shall be configured for a given Frame.

Table L.9.1 gives an overview of the different types of pilots and the corresponding MIMO
pilot encoding mechanism per Polarization, where SISO indicates that the pilots are not modified
compared to SISO, WH indicates Walsh-Hadamard encoding and NP indicates null pilot encoding.
Both Polarizations shall transmit in all pilot positions, although the amplitudes of some transmitted
pilots for null pilot encoding will be zero.

Note: Those cells which would be both an additional continual pilot and a scattered pilot shall
be treated as scattered pilots, and they shall be encoded using Walsh-Hadamard encoding (for
Polarization #2) or using null pilot encoding (for both Polarizations) depending upon the
configured MIMO pilot encoding algorithm. The additional continual pilots that do not fall on
scattered-pilot-bearing cells shall be treated similarly to common continual pilots and shall not be
modified compared to SISO.

Table L.9.1 MIMO Pilot Polarization Encoding Overview

Pilot Encoding Polarization Scattered Subframe Common Additional Edge
Algorithm Pilot Boundary Continual Continual Pilot
Pilot Pilot Pilot

#1 SISO SISO SISO SISO SISO
Walsh-Hadamard

#2 WH WH SISO SISO/WH WH

, #1 NP SISO SISO SISO/NP SISO

Null Pilot

#2 NP WH SISO SISO/NP WH

MIMO pilots are divided into two groups, namely group 1 and group 2, depending on the pilot
encoding scheme used, as described in Section L.9.2. Both pilot groups are transmitted in each
Polarization. However, each pilot encoding algorithm applies a specific signal processing method
to each pilot group for each Polarization.

L.9.1.1. Walsh-Hadamard

With Walsh-Hadamard encoding, the phases of the scattered, additional continual, edge, and
Subframe boundary pilots for group 2 are inverted in the signal transmitted in Polarization #2. The
phases of both the group 1 and group 2 pilots transmitted in Polarization #1 and of the group 1
pilots transmitted in Polarization #2 shall not be modified.

The scattered pilots transmitted in Polarization #2 shall be inverted compared to Polarization
#1 on alternate scattered pilot bearing carriers. These inverted scattered pilots represent the group
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2 scattered pilots for Polarization #2. Both group 1 and group 2 scattered pilots for Polarization #2
shall be calculated using the following equations:

L 1
Re{cmi} =2+ (=1)Px - Agp - (E — %)

Im{cp,,x} =0

Common continual pilots and additional continual pilots on non-scattered-pilot-bearing cells
shall not be inverted for either transmit Polarization. The few additional continual pilots which fall
on scattered-pilot-bearing cells for which the scattered pilot transmitted in Polarization #2 would
be inverted shall be inverted. Both group 1 and group 2 additional continual pilots for Polarization
#2 shall be calculated using the following equations:

k

Re{Caic} = 2+ (~1)PX - Asp - (G = 1i0) for k mod Dy = 0
Re{cpix} =2 Agp - (% —T1%) otherwise

Im{cp,,x} =0

Note: Those cells which would be both an additional continual pilot and a scattered pilot are
treated as scattered pilots as described above. All additional continual pilots shall have the
amplitude A4sp as in SISO.

The edge pilots in Polarization #2 shall be inverted compared to Polarization #1 on odd
numbered OFDM symbols. Both group 1 and group 2 edge pilots in Polarization #2 shall be
calculated using the following equations:

! 1
Re{cmix} =2 (=1)'- Asp - (5 - Tk)

Im{cp,,x} =0

The Subframe boundary pilots in Polarization #2 shall be inverted compared to Polarization
#1 on alternate scattered pilot bearing carriers. Both group 1 and group 2 Subframe boundary pilots
in Polarization #2 shall be calculated using the following equations:

K 1
Re{cm ik} =2 (—1)Px - Agp - (E - rk)

Im{c, 1k} =0

L.9.1.2.  Null Pilot

With null pilot encoding, the amplitudes of the scattered pilots of both group 1 and group 2 are
modified in the signals transmitted in Polarizations #1 and #2. With null pilot encoding,
Polarization #1 shall transmit group 1 scattered pilots with 3 dB increased transmit power

(amplitude of V2Agp) and group 2 scattered pilots with null power (zero amplitude). Similarly,
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Polarization #2 shall transmit group 2 scattered pilots with 3 dB increased transmit power
(amplitude of V2Asp) and group 1 scattered pilots with null power (zero amplitude).

Both group 1 and group 2 scattered pilots in Polarization #1 shall be calculated using the
following equations:

k +(Dy—1)l 1
Re{cm,l,k} = \/E 11+ (_1)DXDY Dy . Asp . (E - T'k)

Im{cp 11} =0
The scattered pilots transmitted in Polarization #2 shall be as given in the following equations:

k (Dy—l)l 1
Re{cpm 1k} = V2 - <1 + (—1)DXDY+ Dy +1> - Agp - (E — 1)

Im{cp,x} =0

Common continual pilots and additional continual pilots on non-scattered-pilot-bearing cells
shall not be modified compared to SISO for either transmit Polarization. The few additional
continual pilots falling on scattered-pilot-bearing carriers shall be encoded using the null pilot
encoding for scattered pilots.

Note: Those cells which would be both an additional continual pilot and a scattered pilot shall
be treated as scattered pilots and therefore shall have the amplitude V2Asp or 0. The additional
continual pilot cells which do not fall on scattered pilot positions shall have the amplitude Asp as
in SISO.

With null pilot encoding, the edge pilots and Subframe boundary pilots shall be encoded using
Walsh-Hadamard encoding. The phases of the group 2 edge and Subframe boundary pilots shall
be inverted in the signal transmitted in Polarization #2 using Walsh-Hadamard encoding as
described in the previous section.

L.9.2 Pilot Schemes

This section illustrates the scattered pilot patterns for MIMO following the same model used for
the SISO scattered pilot patterns in Annex E.

Twelve MIMO scattered pilot patterns are defined for Walsh-Hadamard pilot encoding and are
illustrated from Figure L.9.1 to Figure L.9.12.Sixteen MIMO scattered pilot patterns are defined
for null pilot encoding and are illustrated from Figure L.9.13 to Figure L.9.28.

The terminology employed for the MIMO pilot patterns is MPa_b, where a = Dx and b = Dy
are defined taking into account the two transmit Polarizations, such that each MIMO pilot pattern
has pilots in exactly the same positions as the equivalent SISO pilot pattern.

Table L.9.2 lists each MIMO pilot scheme, the corresponding equivalent SISO pilot scheme,
and the values of Dy and Dy. Note that the equivalent values of Dy and Dy per transmit Polarization
for the two available MIMO pilot encoding schemes are not shown in the table. The last four rows
of the table are only allowed for null pilot encoding.
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Table L.9.2 MIMO Pilot Schemes with Equivalent SISO Pilot Schemes and Dx

Similar restrictions for the MIMO pilot schemes in terms

and Dy Values

MIMO Equivalent SISO DX DY
Pilot Scheme Pilot Scheme

MP3_2 SP3_2 3 2
MP3_4 SP3_4 3 |4
MP4_2 SP4_2 4 2
MP4_4 SP4 4 4 |4
MP6_2 SP6_2 6 2
MP6_4 SP6_4 6 |4
MP8_2 SP8 2 8 2
MP8_4 SP8 4 8 |4
MP12_2 SP12_2 12 |2
MP12_4 SP12_4 12 |4
MP16_2 SP16_2 16 |2
MP16_4 SP16_4 16 |4
MP24_2 SP24 2 24 |2
MP24_4 SP24 4 24 |4
MP32_2 SP32_2 32 |2
MP32_4 SP32_4 32 |4

of the FFT size and the GI length

apply as for SISO, as described in Table 8.3. The allowed FFT size and GI length combinations
with Walsh-Hadamard encoding shall be as defined in Table L.9.3. The allowed FFT size and GI
length combinations with null pilot encoding shall be as defined in Table 1..9.4. N/4 indicates a
combination of FFT size and GI length that has no valid scattered pilot pattern.

Table L.9.3 Allowed Scattered Pilot Patterns for Each Allowed Combination of

FFT Size and Guard Interval Length in MIMO Mode with Walsh-Hadamard

Encoding
Gl Pattern Samples 8K FFT 16K FFT 32K FFT
GI1_192 192 MP16_2, MP16_4, MP8_2, MP8 4 |MP16_2, MP16_4 MP16_2
Gl2_384 |384 MP8_2, MP8_4, MP4_2, MP4_4 MP16_2, MP16_4, MP8 2, MP8 4 [MP16_2
GI3_512 |512 MP6_2, MP6_4, MP3_2, MP3_4 MP12_2, M12_4, MP6_2, MP6_4  [MP12_2
Gl4_768 |768 MP4_2, MP4_4 M8_2, M8 4, MP4_2, MP4_4 MP16_2, MP8_2
GI5_1024 |1024 MP3_2, MP3_4 MP6_2, MP6_4, MP3_2, MP3 4 MP12_2, MP6_2
Gl6_1536 |1536 N/A MP4_2, MP4_4 MP8_2
GI7_2048 |2048 N/A MP3_2, MP3_4 MP6_2, MP3_2
GI8_2432 |2432 N/A MP3_2, MP3_4 MP6_2, MP3_2
GI9_3072 |3072 N/A N/A MP3_2
GI10_3648 | 3648 N/A N/A MP3_2
GI11_4096 |4096 N/A N/A MP3_2
Gl12_4864 |4864 N/A N/A MP3_2
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Table L.9.4 Allowed Scattered Pilot Patterns for Each Allowed Combination of
FFT Size and Guard Interval Length in MIMO Mode with Null Pilot Encoding

Gl Pattern Samples 8K FFT 16K FFT 32K FFT
GIM_192 |192 MP32_2, MP32_4, MP16_2, MP32_2, MP32_4 MP32_2
MP16_4
Gl2_384 |384 MP16_2, MP16_4, MP8_2, MP8_4 [MP32_2, MP32_4, MP16_2, MP32_2
MP16_4
GI3_512 |512 MP12_2, MP12_4, MP6_2, MP6_4 [MP24_2, M24_4, MP12_2, MP12_4 |MP24_2
Gl4_768 |768 MP8_2, MP8_4, MP4_2, MP4_4 M16_2, M16_4, MP8_2, MP8_4 MP32_2,
MP16_2
GI5_1024 |1024 MP6_2, MP6_4, MP3_2, MP3_4 MP12_2, MP12_4, MP6_2, MP6_4 |MP24_2,
MP12_2
Gl6_1536 |1536 MP4_2, MP4_4 MP8_2, MP8_4, MP4_2, MP4_4 MP16_2, MP8_2
GI7_2048 |2048 MP3_2, MP3_4 MP6_2, MP6_4, MP3_2, MP3_4 MP12_2, MP6_2
GI8_2432 |2432 N/A MP6_2, MP6_4, MP3_2, MP3_4 MP12_2, MP6_2
GI9_3072 |3072 N/A MP4_2, MP4_4 MP8_2, MP3_2
GI10_3648|3648 N/A MP4_2, MP4_4 MP8_2, MP3_2
Gl11_4096|4096 N/A MP3_2, MP3_4 MP6_2, MP3_2
Gl12_4864|4864 N/A N/A MP6_2, MP3_2
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L.9.2.1. Walsh-Hadamard
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Figure L.9.1 MIMO pilot scheme MP3 2 for Walsh-Hadamard pilot encoding.
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Figure L.9.2 MIMO pilot scheme MP3 4 for Walsh-Hadamard pilot encoding.
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Figure L.9.3 MIMO pilot scheme MP4 2 for Walsh-Hadamard pilot encoding.
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Figure L.9.4 MIMO pilot scheme MP4 4 for Walsh-Hadamard pilot encoding.
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Figure L.9.5 MIMO pilot scheme MP6 2 for Walsh-Hadamard pilot encoding.
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Figure L.9.7 MIMO pilot scheme MP8 2 for Walsh-Hadamard pilot encoding.
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Figure L.9.8 MIMO pilot scheme MP8 4 for Walsh-Hadamard pilot encoding.
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Figure L.9.9 MIMO pilot scheme MP12 2 for Walsh-Hadamard pilot encoding.
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Figure L.9.10 MIMO pilot scheme MP12 4 for Walsh-Hadamard pilot encoding.
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Figure L.9.11 MIMO pilot scheme MP16 2 for Walsh-Hadamard pilot encoding.
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Figure L.9.12 MIMO pilot scheme MP16 4 for Walsh-Hadamard pilot encoding.

L.9.2.2.  Null Pilots
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Figure L.9.13 MIMO pilot scheme MP3 2 for null pilot encoding.
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Figure L.9.14 MIMO pilot scheme MP3 4 for null pilot encoding.

233



ATSC A/322:2026-04 Physical Layer Protocol, Annex L 14 April 2026

Carrier Number (Frequency)
—>

— 0 16 32 48 64
[}
E EEEEEE EEEEEE ] ] ] ] EEEEEE EEEEEE ] ] ]
= EEEEEE NN ] ] ] ] EEEEEE NN ] ] ]
3 HE EEENEEE EENNEE EEEREEE-EEEEEEE SEEEEEEEEENEEE EEEREE
€ O N N N N O N N N
a EN NN NN ] ] ] ] EN NN NN ] ] ]
= ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
2 ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
o) | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
Edge Pilot Edge Pilot Scattered Pilot _ Scattered Pilot OPayload Cell
Group 1 Group 2 Group 1 Group 2

Figure L.9.15 MIMO pilot scheme MP4 2 for null pilot encoding.
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Figure L.9.16 MIMO pilot scheme MP4 4 for null pilot encoding.
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Figure L.9.17 MIMO pilot scheme MP6_2 for null pilot encoding.
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Figure L.9.18 MIMO pilot scheme MP6 4 for null pilot encoding.
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Figure L.9.19 MIMO pilot scheme MP8 2 for null pilot encoding.
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Figure L.9.20 MIMO pilot scheme MP8 4 for null pilot encoding.
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Figure L.9.21 MIMO pilot scheme MP12 2 for null pilot encoding.
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Figure L.9.22 MIMO pilot scheme MP12 4 for null pilot encoding.
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Figure L.9.23 MIMO pilot scheme MP16 2 for null pilot encoding.
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Figure L.9.24 MIMO pilot scheme MP16 4 for null pilot encoding.
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Figure L.9.25 MIMO pilot scheme MP24 2 for null pilot encoding.
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Figure L.9.26 MIMO pilot scheme MP24 4 for null pilot encoding.
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Figure L.9.27 MIMO pilot scheme MP32 2 for null pilot encoding.
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Figure L.9.28 MIMO pilot scheme MP32 4 for null pilot encoding.
L.10 MISO

The use of MISO, as described in Section 8.2 may be optionally added to MIMO with a unique
MISO code applied per station or per Polarization.

L.11 IFFT
The same OFDM structures as in Section 8.3 shall be used for each Polarization stream in MIMO
transmission.

IFFT for MIMO follows the definitions and descriptions in Section 8.3 but includes a partial
augmentation. Since MIMO introduces an extra transmission path in addition to a SISO setup, the
waveform expression for MIMO shall render the following two framing scenarios explainable:

e (ase 1: Pure MIMO Frame consisting solely of MIMO Subframe(s)
e Case 2: Coexistence of MIMO and SISO Subframes based on TDM

If MIMO is in use, the baseband time domain signal after IFFT shall be described in a
Polarization-specific fashion as follows:

Lpp—1 NoCp;—1 Ngp—1 LsFm—1NoCpm—1
1 1
Z N Z Ly (6) + Z N Z Z Cam Lk Wm,ik (t)
=0 \ fpreamble,l k=0 m=0, V' 'datam 72, k=0
mESM,a

where 1, , (t) and Y, ;  (t) shall follow the same definitions as in Section 8.3 and:
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Clk
Ca,m,Lk

SMa

NoCp,

NoC
LsFm

Lgp

Nsr
Ppreamble,l

P data,m

denotes the Polarization index, where a = 0 and a@ = 1 indicates Polarizations #1 and
#2, respectively;

denotes the carrier number;

denotes the OFDM symbol number starting from 0 for the first Preamble symbol
of a Frame and being reset at the first OFDM symbol of each Subframe;

denotes the Subframe number, 0 < m < NsrF;

is the complex modulation value for carrier £ of the Preamble symbol number /;

is the complex modulation value for carrier £ of the OFDM symbol number / in
Subframe number m associated with Polarization a;

denotes the set of Subframe numbers, for which Polarization a is active during the
transmission of those Subframes;

denotes the number of carriers in the (/ + 1) Preamble symbol. The first Preamble
symbol (/ = 0) always has the minimum NoC and the following Preamble symbols
(0 < I < Lgp) share the same NoC value that is signaled in L1-Basic as explained in
Sections 7.2.5.1 and 9.2.2;

denotes the number of carriers of Subframe m as defined in Table 8.8;

is the number of data and Subframe boundary symbols in Subframe m;

is the number of OFDM symbols in the Preamble;

is the number of Subframes in a Frame;

is the per-Polarization frequency domain total power of (/ + 1) Preamble symbol
summarized in Table I.1.1;

is the per-Polarization frequency domain total power of each data and Subframe

boundary symbol in Subframe m. Allowed values of Pgata,» are summarized in Table
[.2.1 to Table 1.2.5.

The MIMO transmitter shall transmit the same Preamble symbols over Polarizations #1 and
#2. The presented signal expression shares a common value ¢; irrespective of the Polarization
index a. Carrier signals in data and Subframe boundary symbols can differ between Polarization,
and hence the corresponding carrier modulation value cq,m 1 1s defined as Polarization-specific.

IFFT power normalization for MIMO shall be applied to each Polarization stream. For the use
of MIMO, the definitions of Ppreamble; and Pgata,m are specified to be the frequency domain total
power per Polarization. Evaluation of Ppreamble; and Pdaa,m for MIMO applies the same with the
SISO processing. The same lookup tables as in Table I.1.1 and Table 1.2.1 to Table 1.2.5 shall be
used for Ppreamble; and Pdata,m, respectively.

The presented MIMO-version post-IFFT signal expression is compatible with the framing
scenarios of Case 1 and 2, where the Subframe indicator set Sy, shall vary depending thereon. The
corresponding specifications related to each framing scenario are defined below.

L.11.1 Case 1: Pure MIMO Frame
If every Subframe in the Frame of interest uses MIMO, Sy shall satisfy the following condition:

Sua  shall consist of every integer within the range 0 < m < Ngsr, regardless of the value of a.
That is, Sye = {0, ..., Nsp— 1}.
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L.11.2 Case 2: Coexistence with SISO Subframes

TDM of MIMO and SISO Subframes involves transmission of SISO signals at MIMO transmitters.
In the current version of the specification, transmission of SISO signals from MIMO transmitters
can take one of the following forms:

e Option 1: Polarization #1 transmits SISO Subframes and Polarization #2 is inactive during
those Subframes.

e Option 2: Polarizations #1 and #2 transmit the same signal copies of SISO Subframes.

If Option 1 is applied, Si,. shall be defined accordingly as follows:

SMa Ifa=0,8ua=1{0, ..., Nsp—1}.If a =1, Sum consists of the Subframe numbers that
use MIMO.

For example, if Subframe 2 and Subframe 3 apply MIMO processing out of total Nsp = 4
Subframes, Sy1 equals {2, 3}, while Si0 equals {0, 1, 2, 3}.
If Option 2 is applied, Si.« and cam,1 shall satisty the following:

SMa shall consist of every Subframe number within 0 < m < Nsr, regardless of the value
of a. Thatis, Sye = {0, ..., Nsp— 1};
Ca,m,Lk shall satisty com ik = c1,m1k 1f m indicates a SISO Subframe.

L.12 PAPR REDUCTION

The Tone Reservation Peak to Average Power Ratio reduction technique, as described in Section
8.4.1, may be used with MIMO. The Active Constellation Extension (ACE) technique, as
described in Section 8.4.2, shall not be used with MIMO.

L.13 CHANNEL BONDING

Channel bonding (see Annex K) may be used with MIMO and shall conform to this section when
used. Channel bonding described in this section is defined for two RF channels. A block diagram
in Figure L.13.1 shows the system architecture when channel bonding is used with MIMO.
Following the stream partitioning process described in Section K.1, a single input data packet
stream is partitioned into two separate Baseband Packet streams, each fed into the BICM chain for
each RF channel. MIMO with channel bonding can also operate in two modes, plain channel
bonding and SNR averaging, which can be selected by L1D_plp_channel_bonding_format. In Figure
L.13.1, the solid lines depict blocks and arrows common to all configurations, while dashed lines
denote blocks and arrows that may be disabled depending on the configuration settings related to
MIMO and channel bonding.

Channel bonding with MIMO is not restricted to a bonding between MIMO PLPs but allows
a bonding between SISO and MIMO PLPs. When plain channel bonding is used, a channel-bonded
PLP can consist of a MIMO PLP and a SISO PLP, each transmitted onto different RF channels. In
this case, the BICM chain encoding the engaged SISO PLP operates with MAP (see Section 6.3),
while the MIMO PLP within the other RF channel applies MIMO MAP. If channel bonding with
SNR averaging is used, a MIMO PLP shall not be channel-bonded with SISO PLP, thereby
enabling low-complexity cell re-exchange on the receiver side as described in Section K.3.
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Figure L.13.1 Block diagram of the channel bonding with MIMO system

architecture.
From MIMO stages From MIMO stages
52i1 ¢ ¢ $2i2 S$2141.1 ¢ ¢ So1+12
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8211 ¢ ¢ &2i2 82711 ¢ * 2412
To Tl of To Tl of To Tl of To Tl of
(RF 1, Txl) (RF 2, Txl) (RF1,Tx2) (RF 2.Tx2)

Figure L.13.2 Cell exchange block for each Polarization, Tx1 and Tx2.

When channel bonding with SNR averaging is used, the cell exchange block shall be applied
Polarization-wise as shown in Figure L.13.2. A cell exchange matrix, defined for each Polarization,
shall be multiplied to the vector including both cells for each input path at index i (i =

0-~-|.Ncells/2J'1):

G2i1\ _ (1 0 (Sz2ia . .
(92i,2) = (0 1) (521',2) for i even, with respect to the cells for Tx1

921\ _ (0 1\ (S2ia . .
( gzt,z) = ( 1 0) (52i,2) for i odd, with respect to the cells for Tx1
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92i+11\ _ (1 0) (S2i+11 . .
(gzi+1,2) = (O 1) (52i+1,2) for i even, with respect to the cells for Tx2

G2i+11\ _ (0 1\ (S2i+11 . .
(gzi+1,2) = (1 0) (52i+1,2) for i odd, with respect to the cells for Tx2,

where the meaning of variables are as follows. The input cells fed into the cell exchange block for
Tx1, s,; 1 and s5; », are associated with RF channels RF 1 and RF 2, respectively; the input cells
fed into the cell exchange block for Tx2, s,;41 1 and s;;14 », are associated with RF channels RF
1 and RF 2, respectively. The output cells produced from the cell exchange block for Tx1, g; 4
and g,; ,, are associated with RF 1 and RF 2, respectively; the output cells produced from the cell
exchange block for Tx2, g,;1+11 and g,;41 2, are associated with RF 1 and RF 2, respectively. The
output cells are fed into the dedicated time interleaving blocks located on each corresponding path.

L.14 L1 SIGNALLING FOR MIMO
This section highlights the L1 signaling data specific to MIMO defined in Section 9.

The use of MIMO in the first Subframe of the current Frame is signaled in the Preamble with
the L1-Basic parameter L1B_first_sub_mimo.

The use of MIMO in Subframes after the first Subframe of the current Frame is signaled in the
Preamble with the L1-Detail parameter L1D_mimo.

The configuration of the MIMO precoding is signaled with the LI-Detail parameters
L1D_plp_mimo_stream_combining, L1D_plp_mimo_IQ_interleaving, and L1D_plp_mimo_PH.

The  choice  of  scattered pilot encoding scheme is  signaled by
L1B_mimo_scattered_pilot_encoding, which applies to all MIMO subframes in the current frame.
When both SISO and MIMO subframes are present in the current frame, the SISO subframe shall
conform to the pilot insertion process as detailed in Section 8.1 regardless of the value of
L1B_mimo_scattered_pilot_encoding.

The choice of the scattered pilot pattern for MIMO is signaled with the L1-Basic parameter
L1B_first_sub_scattered_pilot_pattern if MIMO is used in the first Subframe of the current Frame, and
with the L1-Detail parameter L1D_scattered_pilot_pattern for Subframes after the first Subframe.
These signaling parameters are also used for SISO but with a different interpretation.

The choice of the bits per cell use for MIMO is signaled with the L1-Detail parameter
L1D_plp_mod. This signaling parameter is also used for SISO but with a different interpretation.
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Annex M: Example of Peak to Average Power Ratio
Reduction Algorithms

M.1 PAPR REDUCTION ALGORITHMS

The specific algorithms used to reduce peak to average power ratio are left to manufacturers to
devise the most appropriate method for implementation on their equipment. For reference, Section
M.2 outlines one algorithm for tone reservation (TR) and Section M.3 outlines a possible algorithm
for the active constellation extension (ACE) method.

M.2 TR ALGORITHM

The tone reservation method consists of reserving a set of carriers ‘7z to reduce the signal peaks.
The following definitions are used for the PAPR reduction algorithm description:
n  The sample index, 0<n < Ngpy .

N,

i The iteration number of the TR algorithm.
r  The n-th sample of the complex baseband time-domain input to the TR algorithm.

x' The n-th sample of the complex baseband time-domain output of the TR algorithm.

¢, The n-th sample of the time-domain reduction signal in the i-th iteration of the TR

n

algorithm.

m®  The modulation value in the i-th iteration for the reserved tone whose carrier index is
k.
prn The n-th sample of the reference kernel signal, defined by:

2m(k-K,)

pn = Lze'/ Nepr

N TR keS,

where / is the OFDM symbol index and S; is the set of reserved carrier indices for symbol /, and
K. =(K,, +K,, )2 is the index k of the center (“DC”) carrier.

Note 1: The reference kernel corresponds to the inverse Fourier Transform of a (Nrrr, 1) vector
17z having N7r elements of ones at the positions corresponding to the reserved carrier indices

ke S.
This PAPR reduction algorithm is described below.

Initialization:
The initial values for the peak reduction signal are set to zero:

0
Cn():O OSI’Z<NFFT
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VIEO) =0,kesS)

Iteration:

1)
2)

3)

4)

5)

6)

7)

i starts from 1.
Find the maximum magnitude of ¢, denoted by »”, and the corresponding sample

index, m"” in the i-th iteration.

y(i) = max‘xn + c,(f_l)‘

0 n forn= 0,1,...NFFT - 1,

m'’ =arg max
n

(@-n|’
X, +c,

If @ is less than or equal to a desired clipping magnitude level, V., then decrease i by 1
and go to step 9.

Calculate a unit-magnitude phasor « in the direction of the peak to be cancelled:

X0 el

@)

Nom

Y

For each reserved tone, calculate the maximum magnitude of correction ,( that can be
applied without causing the reserved carrier amplitude to exceed the maximum allowed

_ 510 %Ny,
27K

value Amax as follows:

total

i 2 o
() _ 2 @)Y .61 @)Y .61
o, _\/A Im\v; )rk } +Re{(vk )rk }

max

. . i _ @
v]({l):u(,)exp(_]Zﬂ'(k Kc)m J

N
where FrT

Find o, the largest magnitude of correction allowed without causing any reserved carrier
amplitudes to exceed Amax:

a® = min( y(i) ~Velip ]21;1 al(:)j

i

If & =0, then decrease i by 1 and go to step 9.

Update the peak reduction signal ¢, by subtracting the reference kernel signal, scaled and
cyclically shifted by m®:

@ _ . D @, (@)
Cn " =Cn Tau p(n—m([))modepT

Update the frequency domain coefficient for each reserved tone k¢ s, :
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N e PO
5

Note 2: If only 1 iteration is required, step 7 can be omitted, and steps 4 and 5 reduce to
the following:

o =min(y" -V, Apa)

8) Ifiis less than a maximum allowed number of iterations, increase i by 1 and return to step
2. Otherwise, go to step 9.

9) Terminate the iterations. The transmitted signal, y’ is obtained by adding the peak
reduction signal to the data signal:

@)

'
X, =X, +c,

M.3 ACE ALGORITHMS

Two types of algorithms for active constellation extension are proposed, the use of which depends
upon the constellation dimension and the FEC code rate. The 1-dimensional (1D) constellation
algorithm is described in Section M.3.1 and the 2-dimensional (2D) constellation algorithm is
described in Section M.3.2. Table M.3.1 indicates the ACE algorithm to be used for each
modulation and coding combination.

Table M.3.1 ACE Algorithm Used for Each Modulation and Code Rate

Combination
Code Rate/ 2/ 3/ 4 5/ e 7/ 8 9 10/ 11/ 12/ 13/
Constellation 15 15 15 15 15 15 15 15 15 15 15 15
QPSK ib |1D |1D |1D (1D |1D |1D |1D (1D (1D |1D |1D
16QAM 1D |2D |2D 2D |2D (2D |2D (2D (2D |1D |1D |1D
64QAM 2D |2D |2D |2D |2D |(2D |2D |2D |2D (2D 2D |2D
256QAM 2D |2D |2D |2D |2D |2D |2D |2D |2D (2D 2D |2D
1024QAM ib |1D |1D |1D (1D |1D |1D |1D (1D (1D |1D |1D
4096QAM ib |1D |1D 1D |1D (1D |1D (1D (1D |1D |1D |1D

The Active Constellation Extension algorithm produces a time domain signal x,cp that
replaces the original time domain signal x = [xo, X1y e xNFFT—l] produced by the IFFT from a
set of frequency domain values X = [XO,Xl, s XNFFT—l]-

M.3.1 1-D ACE algorithm
The 1-D ACE algorithm is used for the 1-dimensional constellations.
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|
Threshold: Vi
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Extension Limit: L
Extendable Re im X
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& nog — Re
Same sign g, LH]m

Figure M.3.1 Implementation example of the ACE algorithm for 1-D
constellations.

x' = [x(’), X1y s XN FFT_l] is obtained from x through interpolation by a factor of 4.

The combination of IFFT, oversampling and lowpass filtering is implemented using zero
padding and a four times oversized IFFT operator.

14

x" =[x, x1, ., x,’\}FFT_l] is obtained by applying a clipping operator to x'.
The clipping operator is defined as follows:

xllc , iflxllcl < Vclip

x}l{l — !

k .
Vclip : @ ) 1f|x,'(| > Vclip

The clipping threshold V,y;, is a parameter of the ACE algorithm.

X, = [xco, Xeqy s XeN FFT_l] is obtained from x"’ through decimation by a factor of 4.

The combination of lowpass filtering, downsampling and FFT is implemented using a four
times oversized FFT operator.

X 1s obtained from x, through an FFT operation.

A new signal X/ is obtained by combining X, and X as follows:

X.=X+G-(X.—X)

The extension gain G is a parameter of the ACE algorithm.

X/ is obtained from X/ using a saturation operator which operates separately with real and
imaginary components, ensuring that individual component magnitude cannot exceed a given
value L.
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(Re{Xé,k}' if [Re{Xer}| < L;
Re(xr =1 L.if Re{X.,}>L;

—L , if RefX(,} < —L;

\
(Im{Xé,k}' if [Im{X¢,}| < L;

m{xy) =4 Lo ifm{Xe>L;
—L, if Im{X[,} < -L;

\

The extension limit L is a parameter of the ACE algorithm.

X4cg 1s then constructed by simple selection of the real and imaginary components from those
of X, X/ .

( if Re{X, } is extendable
Re{X/}, AND [Re{X/ }| < [Re{X;}I
Re{Xucn i) = 1 AND Re{X/,}- Re{X;} >0
Re{X,}, otherwise
\
( if Im{X,,} is extendable
Im{X/}, AND [Im{X/, }| < IIm{X,}|
Im{Xacr s} = | AND Im{X/,}- Im{X,} >0
Im{X,}, otherwise

Xacp 1s obtained from X, through an IFFT operation.

A component is defined as extendable if it is an active cell (i.e. an OFDM cell carrying a
constellation point), and if its absolute amplitude is greater than or equal to the maximal component
value associated to the modulation constellation used for that cell; a component is also defined as
extendable if it is a dummy cell or a null cell in a Subframe boundary symbol. As an example, a
component belonging to a 1024QAM 9/15 modulated cell is extendable if its absolute amplitude
is greater than or equal to 1.4646. (see values u/5 in Table C.1.9)

The value for the gain G is selectable in the range between 1 and 31 in steps of 1.

The clipping threshold V,;;, is selectable in the range between +0 dB and +12.7 dB in 0.1 dB
steps above the standard deviation of the original time-domain signal.

The maximal extension value L is selectable in the range between 0.7 and 2.4 in 0.1 steps.

M.3.2 2-D ACE Algorithm
The 2-D ACE algorithm is used for the 2-dimensional constellations.
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Threshold: V.,
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Figure M.3.2 Implementation example of the ACE algorithm for 2-D
constellations.

x' = [x(’), X1y s XN FFT_l] is obtained from x through interpolation by a factor of 4.

The combination of IFFT, oversampling and lowpass filtering is implemented using zero
padding and a four times oversized IFFT operator.

14

x" =[x, x1, ., xl’\;nr—l] is obtained by applying a clipping operator to x'.
The clipping operator is defined as follows:

xllc , if|x,'(| < Vclip

x!" = I
k= .
lflxllcl > Vclip

K
Vetin " 7
clip |X,’c|

The clipping threshold V¢y;, is a parameter of the ACE algorithm.
X, = [xco, X1y wees xCNFFT_l] is obtained from x"’ through decimation by a factor of 4.

The combination of lowpass filtering, downsampling and FFT is implemented using a four
times oversized FFT operator.

X 1s obtained from x, through FFT.
The Error vector E is obtained by combining X, and X as follows:

E=6G-(X,—X)

The extension gain G is a parameter of the ACE algorithm.
The Extension vector V,,; is obtained as follows:
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6 6 ]

( Ellf§<(pe,k<90;
v, = 6 0
arg( ext,k) _E ) if —90° < goe,k < _E,

Qe » Otherwise

|Ex|, if (|Ex] < L —|X;]) AND (—90° < @ < 90°)

Vextkl =9 L —1X,l, if (IEel > L — [X]) AND (=90° < ¢, < 90°)
0, otherwise

Where ¢, denotes the angle between the argument of reference symbol X and the Error vector E .
The extension limit L is an input parameter of the ACE algorithm.

The angle 0 is an input parameter of the ACE block and is dependent upon the 2-dimensional
constellation and code rate. The values of angle 0 (in degrees) are given in Table M.3.2.

Table M.3.2 Values of Angle 8 of ACE Algorithm for 2-Dimensional

Constellations
Code Rate/ 2/ 3/ 4/ 5/ 6/ 7/ 8/ 9/ 10/ 11/ 12/ 13/
Cont. 15 15 15 15 15 15 15 15 15 15 15 15
16QAM NA 33.26° |35.6° [38.5° (44.14° |44.1° |44.49° (44.49° (42.1° |NA NA NA
64QAM 22.96° |39.36° |41.26° [19.01° (21.17° |22.49° |22.28° |22.49° |22.4° |19.75° [18.42° |16.81°

256QAM 36.67° |40.26° |19.11° |22.47° |8.38° |11.23° [11.23° |10.93° |11.22° |10.63° |8.8° 8.34°

Xack 1s then constructed by adding the Extension vector V,,; to the signal X as follows:

Xk + Vexex, 1f X 1s extendable;

X = | .
ACEk X , otherwise

Xacg 18 obtained from X, -5 through an IFFT operation.

A component X}, is defined as extendable if it is an active cell (i.e. an OFDM cell carrying a
constellation point), and if it carries a boundary point of the modulation constellation used for that
cell. A component is also defined as extendable if it is a dummy cell or a null cell in a Subframe
boundary symbol. As an example, a component belonging to a 256QAM 9/15 modulated cell is a
boundary point of the constellation if its modulus is greater than or equal to 1.65.

The value for the gain G is selectable in the range between 1 and 31 in steps of 1.

The clipping threshold V,,;;, is selectable in the range between +0 dB and +12.7 dB in 0.1 dB
steps above the standard deviation of the original time-domain signal.

The maximal extension value L is selectable in the range between 0.7 and 2.4 in 0.1 steps.

M.3.3 2-D ACE Constellation Diagrams

The following figures show graphically the 2-dimensional constellation extension using the 2-D
ACE algorithm.
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Figure M.3.3 Constellation diagram for 16QAM when using the defined ACE

algorithm.
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Annex N: Transmitter Identification (TxID)

N.1 OVERVIEW

Transmitter identification (TxID) allows uniquely identifying each individual transmitter.
Identification is achieved via an RF watermark, which enables system monitoring and
measurements, interference source determination, geolocation, and other applications. One of the
specific uses of the TxID signal is to allow channel impulse response components of each
transmitter to be measured independently to support in-service system adjustments including the
power levels and delay offsets of individual transmitters. Such channel impulse response
information can be measured by special monitoring instruments but does not need to be processed
or otherwise dealt with by ordinary consumer ATSC 3.0 receivers, i.e., the TxID signal appears to
such receivers as a small amount of noise in the ATSC 3.0 waveform. TxID is an optional
technology but when adopted shall conform to the requirements of this Annex.

Figure N.1.1 depicts the block diagram of the overall transmission system architecture
including TxID signal generation. If instructed to do so by signaling from the controlling
scheduler, each transmitter in a network will include its TxID in its over-the-air transmission. The
TxID signal is a direct sequence buried spread spectrum (DSBSS) RF watermark signal carrying
a unique Gold code sequence. Each TxID signal is injected into the host ATSC 3.0 signal in the
time domain and is transmitted synchronously with the host ATSC 3.0 signal.

TxID Signal
Generation
w
o
<
w
o
w
i ) =
— Bit Interleaved and Framing and Waveform P z
el —» Coded Modulation — Ea - ; > > =
Formatting (BICM) Interleaving Generation NI <
=
oc
w
>
o

Figure N.1.1 TxID generation and injection into ATSC 3.0 host signals.

N.2 CODE GENERATION

The TxID signal carries a Gold code sequence that is unique to each transmitter on a given RF
channel within the largest possible geographic region and is transmitted only within the first
Preamble symbol period as depicted from Figure N.2.1 to Figure N.2.3, where it is added at a
reduced level relative to the emissions from the particular transmitter with which it is associated.
The code is generated by a pair of shift registers having specified feedback arrangements and set
to known values at specified times. The shift registers are clocked at the same baseband sample
rate as is used for the host ATSC 3.0 Preamble.
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Figure N.2.1 TxID signal injection into the first Preamble symbol period (8K
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Figure N.2.2 TxID signal injection into the first Preamble symbol period (16K

FFT).
Bootstrap Gl preamble symbol #0
| TxID signal | TxID signal | TxID signal | TxID signal |
e
8191

Figure N.2.3 TxID signal injection into the first Preamble symbol period (32K

N.2.1 Multiple Shift Registers

The code transmitted by the TxID signal shall be generated by a pair of shift registers that shall
have the lengths, feedback paths, and summing functions defined in Figure N.2.4. The shift
registers also shall have inputs through which they can be preloaded during specified setup
intervals. The combined output of the shift registers shall be sent to the BPSK modulator described
in Section N.3.1 for subsequent injection into and transmission with the ATSC 3.0 host signal.

FFT).

Figure N.2.4 TxID code generator based on Gold sequence.
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The two shift registers shall be defined by the following generator polynomials:
e Tier | generator polynomial: x*3 + x* + x3 + x + 1
e Tier 2 generator polynomial: x3 + x22 + x10 + x? + x” + x® + x5+ x + 1

N.2.2 Clock Rate

The clock applied to the shift registers shown in Figure N.2.4 shall operate at the baseband sample
rate of the host ATSC 3.0 payload signal, as defined by the bsr_coefficient field of bootstrap symbol
2 [2]. For example, if the signaled value of bsr_coefficient were 2, then the baseband sample rate
would be 6.912 = (0.384 x (2+16)) MHz.

N.2.3 Preloaded Values

Each of the two shift registers shown in Figure N.2.4 shall be preloaded prior to the generation of
the TxID sequence for each Frame. The shift register in Tier 1 of the Gold code sequence generator
of Figure N.2.4 shall be preloaded with a value of 1 in the x stage and 0 in all the other stages. A
13-bit txid_address shall be preloaded into the x13 through x stages of the Tier 2 shift register of
the code sequence generator; the MSB shall be preloaded into the x!3 stage and the LSB into the
x stage. A txid_address value shall be uniquely assigned to each transmitter on a given RF channel,
and that value shall be used by the scheduler for controlling each individual transmitter. The
preloading of the shift registers of the code sequence generator shall be as defined in Table N.2.1
In the table, values denoted as t are the respective bits of the txid_address field with t;,
representing the MSB and t, representing the LSB. According to Table N.2.1 , the TxID sequence
has a total length of 213 — 1 = 8191 bits, and the total number of sequences that can be assigned
to individual transmitters is 213 = 8192.

Table N.2.1 Code Sequence Generator Preloading

Tier 1 Tier 2
x3 |0 tiz
x2 |0 t11
xt |0 tio
x° |0 tq

x° |0 tg
x® |0 ty
x7 |0 te
x¢ |0 ts
x5 |0 ta
x* |0 ts
x3 |0 t,
x? |0 t
x 1 to

N.2.4 Synchronization with Preamble Symbol

The first bit of the TxID pattern shall be output from the shift register arrangement of Figure N.2.4
after the shift registers have been preloaded and after the shift registers have been clocked for the
first time after the preloading. This first TxID bit shall be modulated and emitted simultaneously
with the first sample of the first Preamble symbol including that symbol’s guard interval. The
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second TxID bit shall be modulated and emitted simultaneously with the second sample of the first
Preamble symbol including that symbol’s guard interval, and so on.

When an 8K FFT Preamble symbol is used, the TxID sequence that has a length of 8191 bits
shall be emitted once per Frame as depicted in Figure N.2.1. When a 16K FFT Preamble symbol
is used, the TXID sequence of length 8191 shall be repeated twice within the first Preamble symbol
period so that the total length of the TXID sequence shall be 16382 bits as depicted in Figure N.2.2.
In this case, the second TxID sequence shall have the opposite polarity to the first TXxID sequence
in order to average out DC components. When a 32K FFT Preamble symbol is used, the TxID
sequence of length 8191 shall be repeated four times within the first Preamble symbol period so
that the total length of the TXID sequence shall be 32764 bits as depicted in Figure N.2.3. In this
case, the second and fourth TxID sequences shall have the opposite polarities to the first TxID
sequence, while the third TxID sequence shall have the same polarity as the first TXxID sequence.
The FFT size of the Preamble symbols is indicated by the preamble_structure parameter of bootstrap
symbol 3 as defined in Table H.1.1.

N.3 CODE TRANSMISSION

N.3.1 BPSK Modulation

The generated Gold code sequence shall be BPSK modulated before injection into the host ATSC
3.0 Preamble symbol. If the generated sequence bit is ‘zero’, it shall be modulated as -1°. If the
generated sequence bit is ‘one’, it shall be modulated as ‘+1°. The BPSK modulated TxID signal
shall be injected into the in-phase part of the host ATSC 3.0 Preamble and shall not be injected
into the quadrature part.

N.3.2 TxID Injection Level

A wide range of injection levels for injecting a TxID signal into the host ATSC 3.0 Preamble is
available so that an operator can minimize the performance degradation of the Preamble while
maintaining the desired TxID detection performance. The TxID injection level to use, including
turning off emission of the TxID signal, shall be provided from the controlling scheduler to
transmitter(s).

The TxID injection level shall be defined by the dB values in Table N.3.1, and the scaled TxID
signals shall be injected into the host ATSC 3.0 Preamble immediately following the bootstrap.
Note that the dB values are exact, while the linear scaling factors in italics are approximate.
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Table N.3.1 TxID Injection Levels Below Host ATSC 3.0 Preamble

TxID Injection Level TxID Injection Level Scaling Factor
Code Below Preamble (dB) (Amplitude)
0000 OFF 0

0001 45.0 dB 0.0056234
0010 42.0dB 0.0079433
0011 39.0dB 0.0112202
0100 36.0dB 0.0158489
0101 33.0dB 0.0223872
0110 30.0dB 0.0316228
0111 27.0dB 0.0446684
1000 24.0 dB 0.0630957
1001 21.0dB 0.0891251
1010 18.0 dB 0.1258925
1011 15.0 dB 0.1778279
1100 12.0dB 0.2511886
1101 9.0dB 0.3548134
1110 Reserved -

1111 Reserved -

N.4 SIGNALING FIELDS
Signaling fields for control of TxID emission are defined within [4].

N.5 MIMO

When MIMO is used, TxID can identify not only individual transmitters but also each transmitting
Polarization within the transmitter. The value of txid_address and TxID injection level can be
independently assigned to each transmitting Polarization within the MIMO transmitter.
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Annex O: Combination of LDM and MIMO

0.1 OVEVIEW

The combination of LDM and MIMO, referenced as Layered MIMO, increases spectral efficiency
by integrating two different multiplexing gains from independent domains: (1) LDM gain from
spectrum reuse, and (2) MIMO gain from spatial multiplexing. Layered MIMO is an extension of
the MIMO technology described in Annex L specific to multiplexing scenarios with multiple PLPs
in which at least one MIMO PLP is included. Layered MIMO is an optional technology but, when
adopted, shall conform to the requirements in this Annex.

In this version of the specification, the Layered MIMO system is restricted to a two-layer LDM
with a MIMO-encoded Enhanced Layer. The Core Layer can be either SISO or MIMO. Depending
on the form of the Core Layer, one of two types of Layered MIMO is applied as follows:

e Layered MIMO Type A: Both Core and Enhanced PLPs use MIMO.

e Layered MIMO Type B: Core PLPs use SISO, and Enhanced PLPs use MIMO.

MIMO processing in Layered MIMO uses 2x2 cross-polarized antenna systems (e.g., having
horizontally and vertically polarized elements or possibly having elements rotated 45 degrees in
the same direction from horizontal and vertical) (see Annex L). At least two effective antenna units
must be present at transmitter locations, while antenna requirements for receivers can vary
depending on the signals intended to be received. If a service carried by a MIMO PLP is to be
received, receivers should include cross-polar pairs of antennas or more. If a SISO-carried service
is to be received, receivers may operate with single antennas or sets of diversity antennas.
Receivers capable of decoding MIMO PLPs also must support SISO decoding. In cases when
Layered MIMO Type B is applied, compatibility with MIMO operations determines a receiver’s
capability to decode each signal layer.

Core Layer
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Figure O.1.1 Comprehensive block diagram for Layered MIMO.
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Figure O.1.1 depicts a comprehensive block diagram for a Layered MIMO system. The
Layered MIMO transmission chain reuses as many blocks as possible from SISO, including FEC
codes, bit interleavers, constellations, and frequency and time interleavers. All blocks not
specifically mentioned in this Annex, such as input formatting and guard interval, shall follow
their specifications for SISO.

Not all blocks are used in every configuration. In Figure O.1.1, solid lines represent blocks
common to all configurations, while dashed lines indicate blocks that can be disabled or partly
applied, depending on whether the configuration is Type A or B. Solid arrows depict signal flows
common to all configurations, and dashed arrows show signal flows specific to Layered MIMO
Type A. The structure realization for each Layered MIMO type is specified in Figure O.1.2 and
Figure O.1.3.
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Figure O.1.2 Block diagram of Layered MIMO Type A.

Figure O.1.2 depicts a block diagram of Layered MIMO specific to Type A. Layered MIMO
Type A is a simple combining between MIMO PLPs. The constellation superposition in this
configuration shall be applied with respect to Polarization, i.e., the Core PLP’s constellation
symbol associated with Polarization #1 shall be superposed with the Enhanced PLP’s constellation
symbol associated with Polarization #1, and the same applies to Polarization #2.
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Figure O.1.3 Block diagram of Layered MIMO Type B.
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Figure O.1.3 depicts a block diagram of Layered MIMO specific to Type B. Layered MIMO
Type B multiplexes SISO and MIMO PLPs within a Subframe. This multiplexing scheme allows
receivers compatible only with SISO to receive Core PLP(s) without being impacted by the
presence of Enhanced PLP(s) using MIMO.

In a Layered MIMO Type B system, such as shown in Figure O.1.3, MIMO precoding can be
applied exclusively to Enhanced PLPs.

Layered MIMO processing shall not be applied to Bootstraps or to Preambles. Layered MIMO
processing shall be applied to Subframes individually according to the L1D_mimo, L1D_mimo_mixed
(or L1B_first_sub_mimo, L1B_first_sub_mimo_mixed), and L1D_plp_layer settings carried in the
Preamble of each Frame (see Section O.14 for details).

0.2 FEC CODING
The same FEC codes as in Section 6.1 shall be used for Layered MIMO.

0.3 BIT INTERLEAVING
The same bit interleavers as in Section 6.2 shall be used for Layered MIMO.

0.4 CONSTELLATION MAPPING
The same MIMO mappers as in Section L.4 shall be used for Layered MIMO. For SISO PLPs in
Layered MIMO Type B, the same constellation mappers as in Section 6.3 shall be used.

In the case of Layered MIMO Type A, both the Core Layer and Enhanced Layer apply MIMO
mapping, producing two data cell streams each.

In the case of Layered MIMO Type B, the SISO constellation mapper within the Core Layer
BICM chain is situated in the same position as the MIMO mapper within the Enhanced Layer
BICM chain.

0.5 PRECODING

MIMO precoding in Layered MIMO shall be applied according to Section L.5.

For Layered MIMO Type A, both Core and Enhanced PLPs undergo MIMO precoding
procedures. For Layered MIMO Type B, only Enhanced PLP(s) undergo the MIMO precoding
process.

For reduced complexity at the receiver, Layered MIMO Type A shall apply to an Enhanced
PLP the same I/Q Polarization Interleaving and Phase Hopping parameters as the associated Core
PLP(s). That is, if a Core PLP enables I/Q Polarization, the associated Enhanced PLP(s) shall also
enable I/Q Polarization, and vice versa. The same constraint applies to Phase Hopping.

0.6 LDM COMBINING: CONSTELLATION SUPERPOSITION FOR LDM

LDM Combining for Layered MIMO is carried out according to Section 6.4, while the detailed
application differs between Type A and Type B.
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0.6.1 Constellation Superposition for Layered MIMO Type A

LDM Combiner
Sc1 Sc1 +aSg;y B(Sc1*aSgy)
Precoded Core Layer /N Power
Cells for Polarization #1 1/ Normalizer
Y
_ Cells Associated
- " with Polarization #1
Seq asSg,
Precoded Enhanced Layer Injection Level
Cells for Polarization #1 Controller
Sc2 Scy* aSg; B(Sc+asSg,)
Precoded Core Layer _ Wah) _ Power
Cells for Polarization #2 NUW Normalizer
y
_ Cells Associated
“| 7 with Polarization #2
Se2 asSg;
Precoded Enhanced Layer | [ Injection Level
Cells for Polarization#2 | | Controller

Figure 0.6.1 Constellation superposition for Layered MIMO Type A.

Layered MIMO Type A shall combine Core and Enhanced PLPs that both use MIMO. In this
configuration, the Core Layer and Enhanced Layer constellations associated with each Polarization
are superposed in an LDM Combiner block. The constellation superposition shall be applied to
MIMO-precoded cells (regardless of whether the MIMO precoding functions are active or not), as
the LDM Combining block depicted in Figure O.1.2 resides after MIMO precoding blocks. The
LDM Combiner block for LDM MIMO Type A is depicted in Figure O.6.1.

Two parallel injection level controllers shall be used for each associated Polarization. The
Layered MIMO system assigns the same injection level to each stream for the two Polarization
streams involved. The allowed values for per-Polarization injection level and the corresponding
power distributions between layers shall conform to the lookup table in Table 6.15.

In Layered MIMO Type A, descriptions for CL power, EL power, total power, and their ratios
in Table 6.15 shall be interpreted as quantities confined to each Polarization transmission.

The correspondence between the allowed injection level values and scaling/normalizing
parameters (i.e., « and £) shall conform to the lookup table in Table 6.16.

0.6.2 Constellation Superposition for Layered MIMO Type B
Layered MIMO Type B shall transmit the Core Layer signal over Polarization #1 alone.
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Figure 0.6.2 Constellation superposition for Layered MIMO Type B.

In Layered MIMO Type B, the constellation-superposed signals shall be transmitted only in
Polarization #1, while Polarization #2 shall carry the dedicated MIMO stream consisting solely of
the Enhanced Layer cells.

If Layered MIMO Type B is used, constellation superposition is applied between the following
two: The output of SISO BICM chain and Polarization #1 part of the output from MIMO precoder.
The post-MIMO precoder cells associated with Polarization #2 bypass the LDM Combining block
transparently. The LDM Combiner block for LDM MIMO Type B is depicted in Figure O.6.2.

LDM Combiner for Layered MIMO Type B shall use a single pair of injection level controller
and power normalizer. The injection level controller and power normalizer associated with
Polarization #1 stream operate the same as which described in Section O.6.1.

The scaling factor for the injection level controller, a, and the normalizing factor for the power
normalizer, S, depend on the injection level of the Enhanced Layer. Values allowed and the
correspondence among the parameters shall conform with the same lookup tables as in Table 6.15
and Table 6.16. For the use of Layered MIMO Type B, descriptions for CL power, EL power, total
power, and their ratios in Table 6.15 and Table 6.16 shall be interpreted as the quantities confined
to each Polarization #1 transmission.

Layered MIMO Type B assigns an identical Enhanced Layer injection level to both
Polarization streams but the interpretation shall differ between the Polarization streams. For
Layered MIMO Type B, the injection level for Polarization #1 shall denote the power of Enhanced
Layer component relative to that of the Core Layer component, specifically confining the meaning
of layer components to the Polarization #1 stream. The injection level for Polarization #2 shall
represent the power of Polarization #2 signal relative to that of the Core Layer component
transmitted in Polarization #1.

The LDM Combiner shall output the Polarization #2 stream with unity power. The power
scaling for Polarization #2 stream depending on the corresponding injection level shall be applied
in the IFFT stage.

0.7 TIME INTERLEAVER
The same time interleavers as in Section 7.1 shall be used for Layered MIMO.
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In both Layered MIMO Type A and B, time interleaving mode is defined for Core PLPs. The
Enhanced PLP(s) follows the same time interleaving as defined for the associated Core PLP(s).
The total memory requirement conforms to the description in Section L.6. Overall, time
interleaving for Layered MIMO requires twice the total memory as is required for SISO.

When Combined PLP(s) applying Layered MIMO form a complete delivered product with
other SISO or MIMO PLP(s) that do not use Layered MIMO, the total TI memory required for the
complete delivered product shall be twice the amount specified in Section 7.1.2. Simultaneously,
the group of PLPs comprising all SISO PLPs (including Core PLPs in Layered MIMO Type B),
within this complete delivered product shall individually satisfy the TI memory constraint
specified in Section 7.1.2.

Extended interleaving mode shall not be used for Layered MIMO.

0.8 FRAMING

Layered MIMO Frames shall be built in the same manner with MIMO Frames, according to
Section 7.2. The LDM-combined cells in Layered MIMO are treated identically to cells in SISO
or non-LDM MIMO systems.

Every data cell in a Layered MIMO PLP shall not be allocated to any cells in Preamble
symbol(s), even if there are available parts remaining in the last Preamble symbol.

The cell multiplexing in Layered MIMO shall follow the same process as MIMO cell
multiplexing described in Section L.7. The number of available data cells for cell multiplexing can
be obtained from tables in Section 7.2.6. Equivalent SISO pilot patterns that have the same number
and position as those of MIMO scattered pilot patterns shall be used for table lookup. Equivalent
SISO scattered pilot patterns are shown in Table L.9.2.

Dummy modulation value insertion for Layered MIMO subframes shall comply with Section
7.2.6.5 and Section L.7. The power of dummy modulation values shall match that of the actual
PLP data assigned to the respective Polarizations. With Layered MIMO Type B in use, the level
of dummy modulation value’s transmission power shall differ between Polarizations, according to
power scaling at the IFFT stage.

Subframes using Layered MIMO Type B shall not contain any Core PLP(s) that are not
associated with Enhanced PLP(s).

As noted in Section 7.2.7.4.6, Core and Enhanced PLPs in a PLP group may differ in total cell
count (i.e., Enhanced PLPs may not fully span the PLP group), especially when HTI mode time
interleaving is in use. Layered MIMO subframes in such cases shall insert Enhanced Layer dummy
modulation values to the data cell indices specified in Section 7.2.7.4.6. The insertion of Enhanced
Layer dummy modulation values for Layered MIMO shall be specifically performed between the
MIMO precoding and LDM Combining stages. That is, the insertion shall be applied over the cells
produced at the end of the MIMO precoding stage.

The Baseband Packet scrambling sequence defined in Section 5.2.3 is used to generate
Enhanced Layer dummy modulation values. This scrambling sequence shall be reinitialized for
each relevant PLP group. Taken as input to the MIMO mapping block (see Section L.4), a single
scrambling sequence shall be modulated into two parallel cell streams, each mapped onto the
respective Polarization. Enhanced Layer dummy modulation values shall use the same
constellation as the last Enhanced PLP in the PLP group. Note that indexing of the produced cells
follows Section L.4.1, except that it continues until the end of each scrambling sequence. The
produced cell pairs shall then undergo MIMO precoding, applying the same configuration as the
last Enhanced PLP in the PLP group. Subsequent system procedures applied to the precoded cells

262



ATSC A/322:2026-04 Physical Layer Protocol, Annex O 14 April 2026

(e.g., LDM Combining and IFFT) shall use the same parameters and configurations, including the
injection level, as used for the preceding Enhanced PLP.

0.9 FREQUENCY INTERLEAVING
The same frequency interleavers as in Section 7.3 shall be used for Layered MIMO.

0.10 PILOT PATTERNS

0.10.1 Pilot Polarization Encoding
Pilot encoding for Layered MIMO shall be organized according to Section L.9.2.11.
For Layered MIMO Type A, either Walsh-Hadamard encoding or null pilot encoding can be
used. Pilot signals shall be shared Polarization-wise between the Core Layer and Enhanced Layer.
For Layered MIMO Type B, only Walsh-Hadamard encoding is allowed. If superposed by
means of Layered MIMO Type B, SISO PLP(s) and MIMO PLP(s) shall share the pilot cells
transmitted in Polarization #1. Pilot schemes using Walsh-Hadamard encoding achieve such pilot
compatibility, as summarized in Table L.9.1. The LI signaling parameter
L1B_mimo_scattered_pilot_encoding shall hence be identified as 0, indicating both the MIMO pilot
pattern with Walsh-Hadamard encoding and the SISO pilot pattern simultaneously (see Table 9.3).
This indication may be interpreted differently depending on which PLP(s) is being received.

0.10.2 Pilot Schemes
The same scattered pilot patterns as in Section L.9.2 shall be applied to Layered MIMO.

0.11 MISO
The use of MISO, as described in Section 8.2 may be optionally added to Layered MIMO with a
unique MISO code applied per station or per Polarization.

If Layered MIMO Type B and MISO are used together, a MIMO transmitter shall apply
different MISO code indices to Polarizations #1 and #2.

0.12 IFFT

IFFT in Layered MIMO follows the definitions and descriptions in Sections 8.3 and L.11 but with
a partial modification. The same OFDM structures as in Section 8.3 shall be used for each
Polarization stream in MIMO transmission.

To embrace MIMO formulation and different types of LDM Combining, Layered MIMO uses
a post-IFFT signal description modified from that in Section 8.3. In a Layered MIMO system, the
baseband time domain signal after IFFT shall be described for each Polarization by the following
expression:

Lpp—-1 NoCp;—1 Nsr—1 LsFpm—1NoCpy—1

z z Crie X Yre(t) + Z _Knlal z z Camiie X Ym1k(t)
/P;;reamble al ’Pdam am

where ¥, (t) and ¥,y ; . (t) follow the definitions in Section 8.3, and:

a denotes the Polarization index, where @ = 0 and a = 1 indicates Polarizations #1 and
#2, respectively;
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k denotes the carrier number;

[ denotes the OFDM symbol number starting from O for the first Preamble symbol
of a Frame and being reset at the first OFDM symbol of each Subframe;

m denotes the Subframe number, 0 < m < NsrF;

Knla] is the scaling coefficient subject to Subframe number m and Polarization index a.
The value of K,[a] is related to the injection level information as summarized in
Table O.12.1;

ClLk is the complex modulation value for carrier £ of the Preamble symbol number /;

Cam Lk is the complex modulation value for carrier £ of the OFDM symbol number / in
Subframe number m associated with Polarization a;

NoCp, denotes the number of carriers in the (/ + 1) Preamble symbol. The first Preamble

symbol (/ = 0) always has the minimum NoC and the following Preamble symbols
(0 < I < Lgp) share the same NoC value that is signaled in L1-Basic as explained in
Sections 7.2.5.1 and 9.2.2;

NoCy, denotes the number of carriers of Subframe m as defined in Table 8.8;
LsFm is the number of data and Subframe boundary symbols in Subframe m;
Lrp is the number of OFDM symbols in the Preamble;

Nsr is the number of Subframes in a Frame;

P'sreamble.a; is the frequency domain total power of the (I + 1) Preamble symbol, derived from
the input to the IFFT block associated with Polarization a;

Plaataam 1 the frequency domain total power of each data and Subframe boundary symbol
in Subframe m, derived from the input to the IFFT block associated with
Polarization a.

Two parallel IFFT functional blocks shall generate baseband time domain signals for each
Polarization stream.

Given the complex modulation values c¢;x and cqmx as input, the IFFT blocks for Layered
MIMO shall perform a power scaling dependent on scalar coefficients Ki[a]. Allowed values of
Kn[a] and the correspondence to the injection level are listed in Table O.12.1. This scaling gives
Kn[1] <1 to the Polarization #2 stream in Layered MIMO Type B, while K,[a] shall be given as
unity otherwise. The IFFT power normalization in Layered MIMO shall normalize the symbol-
by-symbol average power of the baseband time domain signal to (K,,[a])* for Subframe m subject
to Polarization a. For the Preamble, the average power shall be normalized to (Ko[a])?. This power

normalization is achieved by applying the IFFT power normalization factor 1/ Preambie,a 1O

the Preamble and 1/ [Pj4q am to data and Subframe boundary symbols. The frequency domain

power parameters P'preamblea,; and Pqataqm are derived from the carrier signals unscaled by Ku[a],
i.e., the values c¢;x and cq,m k. The frequency domain power parameter for the Preamble, P'preamble,a./,
shall share the same lookup table with Ppreambie; described in Table I.1.1. The frequency domain
power parameter for data and Subframe boundary symbols, P'dataa,m, shall share the same lookup
table with Pdata,n described in Table 1.2.1 to Table 1.2.5.

The same elementary period and OFDM parameters as in Section 8.3 shall be used for Layered
MIMO, using the lookup Table 8.7 and Table 8.8.
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Table O.12.1 Scaling Factors According to Enhanced Layer Injection Level in

Layered MIMO
(Per-Polarization) Injection Km[a]
Level of EL below CL [dB] Type A Type B

a=0,1 a=0 a=1

0.0 1.0000000 |1.0000000 [0.7071068
0.5 1.0000000 |1.0000000 |0.6864761
1.0 1.0000000 |1.0000000 [0.6653483
1.5 1.0000000 |1.0000000 [0.6438178
2.0 1.0000000 |1.0000000 [0.6219832
2.5 1.0000000 |1.0000000 [0.5999458
3.0 1.0000000 |1.0000000 [0.5778067
3.5 1.0000000 |1.0000000 |0.5556652
4.0 1.0000000 |1.0000000 [0.533617
4.5 1.0000000 |1.0000000 |0.5117528
5.0 1.0000000 |1.0000000 [0.4901561
6.0 1.0000000 |1.0000000 |0.4480625
7.0 1.0000000 |1.0000000 [0.4078450
8.0 1.0000000 |1.0000000 |0.3698742
9.0 1.0000000 |1.0000000 |0.3343887
10.0 1.0000000 |1.0000000 [0.3015114
11.0 1.0000000 |1.0000000 [0.2712703
12.0 1.0000000 |1.0000000 |0.2436204
13.0 1.0000000 |1.0000000 |0.2184644
14.0 1.0000000 |1.0000000 [0.1956693
15.0 1.0000000 |1.0000000 [0.1750812
16.0 1.0000000 |1.0000000 |0.1565355
17.0 1.0000000 |1.0000000 |0.1398653
18.0 1.0000000 |1.0000000 |0.1249066
19.0 1.0000000 |1.0000000 [0.1115021
20.0 1.0000000 |1.0000000 |0.0995037
21.0 1.0000000 |1.0000000 |0.0887732
22.0 1.0000000 |1.0000000 [0.0791834
23.0 1.0000000 |1.0000000 [0.0706179
24.0 1.0000000 |1.0000000 [0.0629705
25.0 1.0000000 |1.0000000 [0.0561454

The expression above shall be used when the entire Frame uses Layered MIMO. If a Layered
MIMO Subframe is time division multiplexed with Subframes not using Layered MIMO, the IFFT

processing shall conform to Section O.12.1.

0.12.1 Coexistence with SISO or MIMO Subframes

Layered MIMO Subframes can be time division multiplexed with other types of Subframes not
using Layered MIMO. In this TDM case, the baseband time domain signal after IFFT shall be
described by the following per-Polarization expression:
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Lpp—1 NoCp;—1 Ngp—1 Lspm—1NoCp—1

su,a[a] Knla]
Z = Z CLe XY (t) + Z g=--.. Z Z Camik XPm, 1k (L)
=0 /P{?reamble,a,l k=0 m=0 /leiata,a,m =0 k=0

mESM,a

where:

Sha denotes the set of Subframe numbers, for which Polarization a is active during the

transmission of those subframes;
and the other related parameters share definitions in the previous expression in Section O.12.

To clarify the processing on SISO and non-LDM MIMO elements, the following conditioned

descriptions for related parameters are specified:

Knla] satisfies K,[a] = 1 if Subframe m is not Layered MIMO;

For each Polarization, the power of Preamble symbol references the data symbol power of the
first Subframe activating the corresponding Polarization. This is indicated by the
scaling factor Ks,, oyla], where Si4(0) denotes the first element of Sya. The
subframes shall be arranged in descending order of the scaling factor K,[1].

Transmission of pure SISO Subframes at the Layered MIMO transmitter can choose between

two different Polarization selection schemes summarized in Section L.11.2. The possible options
for Polarization selection are as follows:

e Option 1: Polarization #1 transmits SISO Subframes while Polarization #2 is inactive

during those subframes.

e Option 2: Polarizations #1 and #2 transmit identical signal copies of SISO Subframes.

The realization of Sy, shall vary depending on the selected Polarization mapping option. If

Option 1 is applied, Su.. shall be determined as follows:

Smo consists of every integer within 0 < m < Nsr, 1.e., Sua = {0, ..., Nsp— 1};
Sm consists of the Subframe numbers that use MIMO or Layered MIMO.
If Option 2 is applied, Sy« and cq,mix shall be determined as follows:
SMa consists of every integer within 0 < m < Nsr, i.e., Sua = {0, ..., Nsp — 1},
irrespective to the value of a.
Camlk satisfies com 1k = c1,m 1k 1f Subframe m is SISO.

0.13 CHANNEL BONDING

When used, channel bonding with Layered MIMO shall conform to the description in this section.
The same Input Formatting, Stream Partitioning, and Cell Exchange operations as defined in
Annex K and Section L.13 shall be applied, while details specific to Layered MIMO are added in
this Section. A block diagram in Figure O.14.1 illustrates the system architecture applying channel
bonding and Layered MIMO simultaneously.
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Figure 0.13.1 Comprehensive block diagram of Layered MIMO with channel
bonding.

Not all blocks are used in every configuration. In Figure O.13.1, solid lines denote blocks
common to all configurations, while dashed lines indicate blocks that can be disabled depending
on configurations related to LDM, MIMO, and channel bonding. Solid arrows represent signal
flows common to all configurations, whereas dashed arrows denote optional signal flows that may
be absent depending on the configuration.

For a channel-bonded PLP, all data packets engaged shall pass through a common Input
Formatting block (utilizing the same L1D_plp_id value on every associated RF channel), as
described in Section K.1. Baseband Packets generated by the Input Formatting block dedicated to
a channel-bonded PLP shall be split across two parallel streams at the Stream Partitioning block.
Baseband Packets unrelated to channel bonding shall bypass Stream Partitioning.

Plain channel bonding and SNR averaging are both available for channel bonding with Layered
MIMO. The related cell/PLP multiplexing shall follow Section K.4. Whenever channel bonding
with SNR averaging is used, the bonded streams originating in the same Input Formatting block
shall be contained in the same LDM layer.

If enabled, cell exchange processing shall be applied over the cells produced at the end of the
MIMO precoding stage: MIMO-precoded (regardless of whether the MIMO precoding functions
are active or not) cells for MIMO PLP(s) and post-BICM cells for SISO PLP(s). The cell exchange
processing described in Section L.13 and Section K.3 shall be applied to MIMO PLP’s and SISO
PLP’s cells, respectively.

The output streams from cell exchange blocks shall go through LDM Combining between each
coupled stream pair, i.e., Core and Enhanced Layer cells that belong to the same Polarization. The
LDM Combining process shall conform to the specifications in Sections 6.4 and O.6.
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When a channel-bonded PLP with SNR averaging is included, Layered MIMO configurations
for the bonded RF channels shall be identical between the corresponding subframes (each in a
different RF channel). The type of Layered MIMO (i.e., whether Type A or B) and injection level
shall be identical. MIMO parameters and layer indices shall be identical as well. Note that
individual PLPs in a Combined PLP can independently configure the use and format of channel
bonding, meaning it does not need to be applied simultaneously. Other configuration constraints
under the use of SNR averaging shall follow the same specification in Section K.3.

When plain channel bonding is used, the type of Layered MIMO, layer index, injection level,
and other Layered MIMO parameters may differ between the engaged PLPs in different RF
channels. Other scheduling parameters may also differ, as described in Section K.3. Accordingly,
plain channel bonding with Layered MIMO does not restrict channel bonding to a homogeneous
PLP pair. A channel-bonded PLP may comprise a SISO PLP and a MIMO PLP, and part of a
Layered MIMO subframe may be bonded with one not using Layered MIMO.

0.14 L1 SIGNALLING FOR LAYERED MIMO

This section highlights the L1 signaling data specific to Layered MIMO defined in Section 9.

L1B_first_sub_mimo indicates whether MIMO is applied to every Core PLP in the first Subframe
of the current Frame.

L1D_mimo indicates whether MIMO is applied to every Core PLP in the current Subframe,
which is the second or later in the given Frame.

For the first Subframe of the current Frame, the type of Layered MIMO is signaled by
L1B_first_sub_mimo_mixed in conjunction with L1B_first_sub_mimo when PLP(s) with L1D_plp_layer
>() are present in the Subframe. Layered MIMO Type A is indicated when the two parameters are
signaled as L1B_first_sub_mimo_mixed =0, L1B_first_sub_mimo =1. Layered MIMO Type B is
indicated when the two parameters are signaled as L1B_first_sub_mimo_mixed =1, L1B_first_sub_mimo
=0.

For Subframes that are not the first in the current Frame, the type of Layered MIMO is signaled
by L1D_mimo_mixed in conjunction with L1D _mimo when PLP(s) with L1D_plp_layer >0 are present
in the Subframe. Layered MIMO Type A is indicated when the two parameters are signaled as
L1D_mimo_mixed =0, L1D _mimo =1. Layered MIMO Type B is indicated when the two parameters
are signaled as L1D_mimo_mixed =1, L1D _mimo =0.

The parameters in the L1D_version >= 2 loop (L1D_plp_mimo, L1D_plp_mimo_stream_combining,
L1D_plp_mimo_lQ_interleaving and L1D_plp_mimo_PH) shall apply to the L1D_plp_mimo in the same
order as signaled in the L1D_version >= 1 loop.

Note: This version of the specification allows only LDM-based mixing of SISO and MIMO
PLPs for Subframes with L1B_first_sub_mimo_mixed =1 and L1B_first_sub_mimo =0, or
L1D_mimo_mixed =1 and L1D _mimo =0 (as appropriate for the given Subframe). Future versions
may specify additional multiplexing options for mixed use of MIMO mode (e.g., all PLPs having
L1D_plp_layer =0) within a Subframe (see Table 9.8 and Table 9.10).

In subframes using Layered MIMO Type B, every Core PLP shall be associated with one or
more Enhanced PLPs. Specifically, in any subframe indicated by L1D_mimo_mixed or
L1B_first_sub_mimo_mixed, no Core PLP shall have its L1D_plp_start equal to or greater than the
maximum value of L1D_plp_start + L1D_plp_size among all Enhanced PLPs present in the subframe;
and no Core PLP shall have its L1D_plp_start + L1D_plp_size equal to or less than the minimum
L1D_plp_start among all Enhanced PLPs present in the subframe.
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In Subframes using Layered MIMO Type B, L1D_plp_mimo indicates whether each PLP is in
MIMO mode. For the current version of the specification, Layered MIMO Type B shall assign
L1D_plp_mimo =0 to Core PLPs and L1D_plp_mimo =1 to Enhanced PLPs.

The layer index of each PLP is signaled by L1D_plp_layer. Core and Enhanced PLPs are
identified by L1D_plp_layer =0 and L1D_plp_layer >0, respectively. The use of Layered MIMO
involves the presence of PLP(s) having L1D_plp_layer >0 in the corresponding Subframe.

Within a subframe using Layered MIMO Type B, all Enhanced PLPs shall apply the same
value L1D_plp_ldm_injection_level.

The  choice  of  scattered pilot encoding scheme is  signaled by
L1B_mimo_scattered_pilot_encoding, which applies to every Layered MIMO Subframe in the current
Frame. The interpretation of this field is defined in Table 9.3. If Layered MIMO Type A is used,
L1B_mimo_scattered_pilot_encoding can either be 0 or 1. If Layered MIMO Type B is used,
L1B_mimo_scattered_pilot_encoding shall be signaled as 0. When both SISO and Layered MIMO
subframes are present in the current frame, the SISO subframe shall conform to the pilot insertion
process as detailed in Section 8.1 regardless of the value of L1B_mimo_scattered_pilot_encoding.

The configuration of MIMO precoding is signaled by a set of LIl-Detail parameters,
L1D_plp_mimo_stream_combining, L1D_plp_mimo_IQ_interleaving, and L1D_plp_mimo_PH.

The choice of Enhanced Layer injection level is signaled by L1D_plp_Ildm_injection_level. For
Layered MIMO Type A, the injection level denotes the relative power ratio between the Enhanced
Layer and Core Layer signals within each Polarization stream. For Layered MIMO Type B, the
interpretation shall differ between Polarization streams as follows: The injection level in the
context of Polarization #1 refers to the relative power ratio between the Enhanced Layer and Core
Layer within Polarization #1 signal; the injection level with respect to Polarization #2 refers to the
power of Polarization #2 signal relative to that of the Core Layer signal transmitted in Polarization
#1.

The choice of scattered pilot pattern is signaled by L1B_first_sub_scattered_pilot_pattern for the
first Subframe and by L1D_scattered_pilot_pattern for other Subframes in the current Frame. These
signaling parameters should be interpreted differently in SISO and MIMO contexts. When Layered
MIMO Type B is used, two different interpretations are simultaneously intended by a single use
of this signaling parameter. In the case of Layered MIMO Type B, the Core Layer receivers may
interpret these signaling parameters in a SISO-related manner, while the Enhanced Layer receivers
shall interpret them in a MIMO-related manner.

The choice of the bits per cell use for MIMO PLP(s) is signaled by L1D_plp_mod. This signaling
parameter is also used for SISO but with a different interpretation.

The Ll1-Detail parameters L1D_num_rf, L1D_rf id, L1D_bonded_bsid,  L1D_bsid,
L1D_plp_num_channel_bonded, L1D_plp_bonded_rf_id, and L1D_plp_channel_bonding_format shall signal
the configuration related to channel bonding when channel bonding is used with Layered MIMO.

— End of Document —
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