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The Advanced Television Systems Committee, Inc., is an international, non-profit organization
developing voluntary standards and recommended practices for digital television. ATSC member
organizations represent the broadcast, broadcast equipment, motion picture, consumer electronics,
computer, cable, satellite, and semiconductor industries. ATSC also develops digital television
implementation strategies and supports educational activities on ATSC standards. ATSC was
formed in 1983 by the member organizations of the Joint Committee on Inter-society Coordination
(JCIC): the Electronic Industries Association (EIA), the Institute of Electrical and Electronic
Engineers (IEEE), the National Association of Broadcasters (NAB), the National Cable
Telecommunications Association (NCTA), and the Society of Motion Picture and Television
Engineers (SMPTE). For more information visit www.atsc.org.

Note: The user's attention is called to the possibility that compliance with this standard may
require use of an invention covered by patent rights. By publication of this standard, no position
is taken with respect to the validity of this claim or of any patent rights in connection therewith.
One or more patent holders have, however, filed a statement regarding the terms on which such
patent holder(s) may be willing to grant a license under these rights to individuals or entities

desiring to obtain such a license. Details may be obtained from the ATSC Secretary and the patent
holder.

Implementers with feedback, comments, or potential bug reports relating to this document may
contact ATSC at https://www.atsc.org/feedback/.

Disclaimer

Not all optional settings that are combinations with non-optional settings have been tested at the
time of release of this document.

Revision History

Version Date
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Revision 1 approved as A/322:2017 9 February 2017
Amendment No. 1 to A/322:2017 approved as a roll-up 6 June 2017

Revision 2 approved as A/322:2018 26 December 2018

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



http://www.atsc.org/
http://www.atsc.org/
https://www.atsc.org/feedback/
https://www.atsc.org/feedback/
https://www.docketalarm.com/

ATSC A/322:2018 Physical Layer Protocol 26 December 2018

Table of Contents

R T 00 1 o SRR 1
1.1 Introduction and Background 1

1.2 Organization 1

2. REFERENGCES ........oooeiiecieeeees e s st ssss s e s s e s e s e e s s e s e s sne s e e s ne s ne e s neenne e e e e s eneseanesannesnsesnnnnnnnnsnnnnn 2
2.1 Normative References 2

2.2 Informative References 2

3. DEFINITION OF TERMS ... iiiiiieeceeeeeeesce e e e ssssmme e s e ss s s me e e e ae s s mme e e e e s e smeeeeeassnmneeeaaeasmneeseasssmneereesssnn 2
31 Compliance Notation 2

3.2 Treatment of Syntactic Elements 3
3.21 Reserved Elements 3

33 Acronyms, Abbreviations and Mathematical Operators 3

34 Terms 5

4. SYSTEM OVERVIEW..........eieieiciceeeiesesere e s s sssssse e s s sssssmee s s se s smmn e s e e s s smmn e e e s e s mneeseassssnnneesssssnnsesesnnsnnnensann 6
4.1 Features 6

4.2 System Architecture 7

4.3 Central Concepts 10

5. INPUT FORMATTING ......cooiiiiicciceiesiessnrressssssssreesssssssnes s esssssnne e s sssssnnsesssssssssensssssnsnensssssssnnsesssnnsnnsensnnnnn 10
5.1 Encapsulation and Compression 11
5.1.1 Number of PLPs 11

5.2 Baseband Formatting 11
5.2.1 Mapping ALP Packets to Baseband Packets 12

5.2.2 Baseband Packet Header 13

523 Scrambling of Baseband Packets 16

6. BIT INTERLEAVED CODING AND MODULATION (BICM) ......cccccviseminerseessnnssssesssnssseessssssssessnsesssessns 17
6.1 Forward Error Correction (FEC) 17
6.1.1 FEC Frame Structure 17

6.1.2 Outer Encoding 19

6.1.3 Inner Encoding 21

6.2 Bit Interleavers 24
6.2.1 Parity Interleaver 24

6.2.2 Group-Wise Interleaver 24

6.2.3 Block Interleavers 25

6.3 Constellation Mapping 29
6.3.1 Constellation Overview 30

6.3.2 Modulation and Coding Combinations 30

6.3.3 Demultiplexing Operation 31

6.34 Bit to IQ Mapping 32

6.4 Layered Division Multiplexing (LDM) 34
6.4.1 LDM Encoding 34

6.4.2 Injection Level Controller 36

6.4.3 Power Normalizer 36

6.4.4 LDM Example 37

6.5 Protection for L1 Signaling 38
6.5.1 Overview 38

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

ATSC A/322:2018

Physical Layer Protocol

26 December 2018

6.5.2 Common Blocks for L1-Basic and L1-Detail
6.5.3 L1-Detail Specific Block Details
7. FRAMING AND INTERLEAVING.........cooceeireeeereesenmesesseesesneesmesseesessnsssesennsseas
7.1 Time Interleaving
7.1.1 Time Interleaver Modes
7.1.2 Time Interleaver Size
7.1.3 Extended Interleaving
7.14 Convolutional Time Interleaver (CTI) Mode
7.1.5 Hybrid Time Interleaver (HTI) Mode

7.2 Framing

7.2.1 Overview

7.2.2 Frame Structure

7.2.3 Number of Carriers

7.2.4 Frame Symbol Types

7.2.5 Preamble

7.2.6 Cell Multiplexing

7.2.7 PLP Multiplexing Approaches within a Subframe
7.3 Frequency Interleaving

8. WAVEFORM GENERATION

8.1 Pilot Insertion

8.1.1
8.1.2
8.1.3
8.14
8.15
8.1.6
8.1.7

8.2 MISO

8.21

Introduction

Reference Sequence

Scattered Pilot Insertion

Continual Pilot Insertion

Edge Pilot Insertion

Preamble Pilot Insertion

Subframe Boundary Pilot Insertion

Transmit Diversity Code Filter Sets

8.3 Inverse Fast Fourier Transform (IFFT)
8.4 Peak to Average Power Ratio Reduction Techniques

8.4.1
8.4.2

Tone Reservation
Active Constellation Extension (ACE)

8.5 Guard Interval

8.5.1

Guard Interval Extension for Time-aligned Frames

8.6 Bootstrap

9. L1 SIGNALING

9.1 Bootstrap

9.1.1
9.1.2
9.1.3
9.14

Versioning

Bootstrap Symbol 1
Bootstrap Symbol 2
Bootstrap Symbol 3

9.2 Syntax for L1-Basic Data

9.2.1
9.2.2
9.2.3

DOCKET

_ ARM

L1-Basic System and Frame Parameters
L1-Basic Parameters for L1-Detail
L1-Basic Parameters for First Subframe

39
50

............................... 55

55
55
56
56
57
58
67
67
67
69
69
70
72
81
90

............................... 94

95
95
95
96
97
99
929
101
101
101
102
105

105
106

106
106
108

..................................................................................................................................... 108

108
108
108
109
109
109
110
112
113

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

ATSC A/322:2018 Physical Layer Protocol 26 December 2018

9.24 L1-Basic Miscellaneous Parameters 114

9.3 Syntax and Semantics for L1-Detail Data 115
9.3.1 L1-Detail Miscellaneous Parameters 117

9.3.2 L1-Detail Channel Bonding Parameters (Frame) 118

9.3.3 L1-Detail Subframe Parameters 119

9.34 L1-Detail PLP Parameters 122

9.3.5 L1-Detail LDM Parameters 124

9.3.6 L1-Detail Channel Bonding Parameters (PLP) 125

9.3.7 L1-Detail MIMO Parameters (PLP) 126

9.3.8 L1-Detail Cell Multiplexing Parameters 126

9.3.9 L1-Detail Time Interleaver (TT) Parameters 127
ANNEX A 1 LDPC CODES .......oioiiiieiiterr e se s e sses e sss s sss s s ssssas sns saesenssasssasssssnssnssnsssnesnssnsesnssnsesnes 130
Al LDPC Code Matrices (Ninner = 64800) 130

A2 LDPC Code Matrices (NViuner = 16200) 142
ANNEX B : BIT INTERLEAVER SEQUENCES ...........ioicrerieccmre e e s s e e s e s me s s e s mme e s e s smmn e e e s smmnes 147

B.1 Permutation sequences of group-wise interleaving for Niuner = 64800 (Ngroup = 180) 147
B.2 Permutation sequences of group-wise interleaving for Niuner = 16200 (Ngroup = 45) 160

ANNEX C : CONSTELLATION DEFINITIONS AND FIGURES. ..........ccccenntinmnnisnssssssssss s s sss s 164
C.1 Constellation Definitions 164
C.2 Constellation Figures 171
C3 Constellation Labeling 175
ANNEX D : CONTINUAL PILOT (CP) PATTERNS.........cociiiriiee s s s 178
D.1 Reference and Additional CP Indices 178
ANNEX E : SCATTERED PILOT (SP) PATTERNS ........oooiriceirecreenee s esesse s s s e s sesses e ssesemsseesmesensnes 182
E.1 SISO Scattered Pilot Patterns 182
ANNEX F : NUMBER OF ACTIVE DATA CELLS IN SUBFRAME BOUNDARY SYMBOL ..........cceeureene 187
F.1 Subframe Boundary Symbol Active Data Cell Tables 187
F.2 Calculation of Subframe Boundary Symbol Null Cells (Informative) 192
ANNEX G : TONE RESERVATION CARRIER INDICES. .........cccooinrrtiee s s se s e sss e snas 193
G.1 Tone Reservation Carrier Indices 193
ANNEX H : PREAMBLE PARAMETERS FOR BOOTSTRAP.........iiriiireeressemee s e ssssmse e s e s smme e e e s smnnes 196
H.1 Preamble Structure Parameter Values 196
ANNEX | : TOTAL SYMBOL POWER........cociiiiiineiessssssn s s s s s s s s s s s sanssas sass s 200
I1 Preamble Symbol Frequency Domain Power 200
1.2 Data and Subframe Boundary Symbol Frequency Domain Power 201
Y= Y 1 - o 207
J.1 MISO Frequency Domain Coefficients 207
ANNEX K : CHANNEL BONDING .........iiiiiiccreriesesnneesssssssmessssssssnsn e s ssssssnsessssssssessssssssnnsesessssnnsensssssnnnes 212
K.1 Introduction 212
K.2 Plain Channel Bonding 213
K.3 Channel Bonding with SNR Averaging 214
= [ 216
L.1 Overview 216
L.2 FEC Coding 217

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




