Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

i+l

CA 3029265 C 2023/09/26

neEn 3 029 265

12 BREVET CANADIEN
CANADIAN PATENT
13 C

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

(86) Date de dépo6t PCT/PCT Filing Date: 2017/06/12

(87) Date publication PCT/PCT Publication Date: 2018/02/15
(45) Date de délivrance/lssue Date: 2023/09/26

(85) Entrée phase nationale/National Entry: 2018/12/24

(86) N° demande PCT/PCT Application No.: CN 2017/087888
(87) N° publication PCT/PCT Publication No.: 2018/028294
(30) Priorité/Priority: 2016/08/10 (CN PCT/CN2016/094374)

(51) CLInt./Int.Cl. HO3M 13/00(2006.01)

(72) Inventeurs/Inventors:
XU, CHANGLONG, US;
LI, JIAN, US;
WEI, CHAO, US;
HOU, JILEI, US

(73) Propriétaire/Owner:
QUALCOMM INCORPORATED, US

(74) Agent: SMART & BIGGAR LP

(54) Titre : ADAPTATION DE DEBIT POUR CODAGE DE BLOCS

(54) Title: RATE MATCHING FOR BLOCK ENCODING

S Y A 200
T R Y BEECTTYPE OF RATE 1 |
i DETERMINEA | | SELECTTYPE OF RATE | /
[ coneBLoCKSize | | MATCHING BASED ON | |
L | THE CODE BLOCK SIZE | |
o o oo S o o o o e e
20 - P
FIRST WIRELESS COMMUNICATIONBEVICE - 204
" 7 - ‘
e -
ECOND WIRELESS COMMUNICATION DEVIGE
R - SECO S5 COMMUNICATION DEVIC
- 2| f—- 2
OPTIONALLY SELECT T DECODER _,
| RATEMATCHING L
210 e 206
C 20 C DECODING 18
| COMMUNICATION _
SOURCE 13 ENCODE DATA Bl CHANNEL > f o I v
4 PUNGTURED OR
bry)
l..._._.&......f..1 REPEATED
PUNCTURE OR REPEAT | - ENCODED DATA
| ENCODED DATA L
_ Pp— —————— N | NOISE
L “uy
S
- 232 23 26
I o o fon o oo owon o cuow (oo owos oo wnowr o oo e won o o
| |GENERATE & | | "OBTAIN CODED BITS ™| | ™ ABD TRECODES ™ 1
| | REPETITION BASEDONTHE | BITSTOBLOCK [
|1 PATTERN | REPETITIONPATTERN ,  _ CODEDDATA 1)
(57) Abrégé/Abstract:

Various aspects of the disclosure relate to rate matching techniques for block encoding. In some aspects, a decision regarding
whether to use repetition-based rate matching or puncture-based rate matching is made based on a block size of information being
encoded. In some aspects, repetition-based rate matching uses a bit-reversal permutation technique.

C ana dg http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - http:/cipo.ge.ca

OPIC

OPIC - CIPO 191



CA 03029265 2018-12-24

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
15 February 2018 (15.02.2018)

(10) International Publication Number

WO 2018/028294 A1

WIPO I PCT

(51) International Patent Classification:
HO3M 13/00 (2006.01)

(21) International Application Number:

Morehouse Drive, San Diego, California 92121-1714 (US).
HOU, Jilei [US/CN]; 5775 Morehouse Drive, San Diego,
California 92121-1714 (US).

wo 2018/028294 A1 | 0E 000 OO

PCT/CN2017/087888 (74) Agent: NTD PATENT & TRADEMARK AGENCY
@) Tcematons g D LIMITED, L0 o ol s 7 i
12 June 2017 (12.06.2017) 8aae, g - DAJIE :
- . . (81) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
30) Priority Data: CA,CH,CL,CN,CO, CR,CU, CZ,DE, DJ, DK, DM, DO,
30) ng/rggrzoﬁt;/'o 04374 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
oA 2016 (10.08.2016 oN HR, HU, ID, IL, IN, IR, IS, JO, JP, KF, KG, KH, KN, KP,
ugust (10.08.2016) KR,KW,KZ,LA,LC,LK,LR, LS, LU, LY, MA, MD, ME,
(71) Applicant: QUALCOMM INCORPORATED [US/US]; MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
Attn: International IP Administration, 5775 Morehouse Dri- OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
ve, San Diego, California 92121-1714 (US). SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and
(71) Applicants (for US only): XU, Changlong [CN/CN]; 5775 (84) Designated States (unless otherwise indicated, for every
Morehouse Drive, San Diego, California 92121-1714 (US). kind of regional protection available): ARIPO (BW, GH,
LI, Jian [CN/CN]; 5775 Morehouse Drive, San Diego, GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
California 92121-1714 (US). WEIL, Chao [CN/CN]; 5775 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(54) Title: RATE MATCHING FOR BLOCK ENCODING
228 230
o= e o e ~fm — — m—! 200
M eremune » | FSELECTTYRE OF RATE | v
DETERMINE A )
- | § MATCHING BASEDON , | I
| LCODEROKSZE | e oo e | |
202 T T T T T T T T T =
FIRST WIRELESS corvﬂi\.;?;uc;\/ﬂgyaﬁwcg T - o
“ - P SECOMD WIRELESS COMMUNICATION DEVICE
ENCODER -
- 218 |- 214
T e ) £
OPTIONALLY SELECT DECODER
I RATE r\AATC?-HNG 2
210 i 206
c 1 220 : DECODING - 218
SOURCE |- ENCODE DATA » b — 1 ol sk
T 226
_{ 2 3 PUNCTURED OR
jm == - REPEATED
PUNCTURE OR REPEAT | - ENCODED DATA
ENCODED DATA 1
——————— [ NOISE
— P . —~ -
- 22 234 236
[ A A PR —
| 1BENERATE Ay | TOBTAIN CODED BiTS ™ | | ADD THE CODED ! !
| | REPETITION BASED ON THE | BITSTOBLOCK 1 FiG, 2
| L PATTIERN || REPETITIONPATTERN || _ CODEDDATA ||

e o o memn e mm e mm e o e e o e e

(57) Abstract: Various aspects of the disclosure relate to rate matching techniques for block encoding. In some aspects, a decision
regarding whether to use repetition-based rate matching or puncture-based rate matching is made based on a block size of information
being encoded. In some aspects, repetition-based rate matching uses a bit-reversal permutation technique.

[Continued on next page]



CA 03029265 2018-12-24

WO 2018/028294 A1 ||} 10PN T

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
—  of inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))



CA 03029265 2018-12-24

84983849

1

1

RATE MATCHING FOR BLOCK ENCODING

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims priority to and the benefit of Patent Cooperation Treaty
application number PCT/CN2016/094374 filed on August 10, 2016.

INTRODUCTION
[0002] Various aspects described herein relate to wireless communication, and more
particularly but not exclusively, to rate matching techniques for block encoding.
[0003] A wireless communication system may use error correcting codes to facilitate
reliable transmission of digital messages over noisy channels. A block code is one type of error
correcting code. In a typical block code, an information message or sequence is split up into
blocks, and an encoder at the transmitting device mathematically adds redundancy to the
information message. Exploitation of this redundancy in the encoded information message
improves the reliability of the message, enabling correction for bit errors that may occur due to the
noise. That is, a decoder at the receiving device can take advantage of the redundancy to reliably
recover the information message even though bit errors may occur, in part, due to the addition of
noise by the channel.
[0004] Examples of error correcting block codes include Hamming codes, Bose-
Chaudhuri-Hocquenghem (BCH) codes, and turbo codes among others. Many existing wireless
communication networks utilize such block codes, such as 3GPP LTE networks, which utilize
turbo codes, and IEEE 802.11n Wi-Fi networks.
[0005] In practice, the size of resource elements used to convey (e.g., transmit) encoded
data might not match the block size of a block code. This can negatively impact decoding
complexity and/or performance. Accordingly, there is a need for efficient techniques for block

coding information.

SUMMARY
[0006] The following presents a simplified summary of some aspects of the disclosure to
provide a basic understanding of such aspects. This summary is not an extensive overview of all
contemplated features of the disclosure, and is intended neither to identify key or critical elements
of all aspects of the disclosure nor to delineate the scope of any or all aspects of the disclosure. I[ts

sole purpose is to present various
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concepts of some aspects of the disclosure in a simplified form as a prelude to the more
detalled desenption that 1s presented later,

{8607} In onc aspect, the disclosure provides an apparatus configured for
communication that includes a memory and a processor coupled to the memory. The
processor and the memory are configured to; receive information to be encoded;
determine a code block size for the received information; select rate matching for
encoding the received mformation, wherein the selection is between repetition-based
rate matching and puncture-based rate matching, and wherein the sciection is based on
the code block size; and block encode the received nformation using the selected rate
matching.

{0008] Another aspect of the disclosure provides a method for comummumication
including: receiving information to be encoded; determining a code block size for the
recetved mformation; sclecting rate matching for cncoding the reccived mformation,
wherein the selection is between repetition-based rate matching and punciture-based rate
matching, and wherein the selection 1s based on the code block size; and block encoding
the recerved imformation usmg the selected rate matching.

{0009} Another aspect of the disclosure provides an apparatus configured for
comnumcation.  The apparatus including: means for receiving information to be
encoded; means for determining a code block size for the received information; means
for selecting rate matching for encoding the received information, wherein the selection
15 between repetition-based rate matching and puncturc-based rate matching, and
wherein the seloction is based on the code block size; and means for block evcoding the
recetved information using the selected rate matching.

{8610] Another aspect of the disclosure provides a non-transitory computer-readablc
medium storing computer-executable code, mcluding code to: receive mformation to be
encoded; deternune a code block size for the received mformation; select rate matching
for encoding the received information, wherein the selection is between repetition-based
rate matching and puncture-based rate matching, and wherein the selection is based on
the code block size; and block encode the teceived informaation using the selected rate
matching.

{0011] In one aspect, the disclosure provides an apparatus  configured for
communication that includes a memory and a processor coupled to the memory. The
processor and the memory are configured to: receive mformation to be encoded; block

encode the recctved information to generate first block coded data; generate a repetition
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pattern; obtain coded bits based on the repetition pattern; and generate second block coded data
by adding the coded bits to the first block coded data.

[0012] Another aspect of the disclosure provides a method for communication including:
receiving information to be encoded; block encoding the received information to generate first
block coded data; generating a repetition pattern; obtaining coded bits based on the repetition
pattern; and generating second block coded data by adding the coded bits to the first block coded
data.

[0013] Another aspect of the disclosure provides an apparatus configured for communication.
The apparatus including: means for receiving information to be encoded; means for block
encoding the received information to generate first block coded data; means for generating a
repetition pattern; means for obtaining coded bits based on the repetition pattern; and means for
generating second block coded data by adding the coded bits to the first block coded data.
[0014] Another aspect of the disclosure provides a non-transitory computer-readable medium
storing computer-executable code, including code to: receive information to be encoded; block
encode the received information to generate first block coded data; generate a repetition pattern;
obtain coded bits based on the repetition pattern; and generate second block coded data by
adding the coded bits to the first block coded data.

[0014a] According to one aspect of the present invention, there is provided a method of
communication, comprising: receiving information to be encoded at a first wireless
communication device; determining a code block size for the received information; determining
a power-of-two block size that corresponds to a largest power-of-two integer that is less than
the code block size; subtracting the power-of-two block size from the code block size to
generate a difference value; selecting a rate matching for encoding the received information,
wherein the selection is between repetition-based rate matching and puncture-based rate
matching, and wherein the selection is based on the difference value; block encoding the
received information using the selected rate matching; and transmitting, from the first wireless
communication device over a communication channel to a second wireless communication
device, a sequence based on the block encoded received information.

[0014b] According to another aspect of the present invention, there is provided a first wireless

communication device, comprising: a memory; and a processor coupled to the memory, the
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processor and the memory configured to: receive information to be encoded; determine a code
block size for the received information; determine a power-of-two block size that corresponds
to a largest power-of-two integer that is less than the code block size; subtract the power-of-two
block size from the code block size to generate a difference value; select a rate matching for
encoding the received information, wherein the selection is between repetition-based rate
matching and puncture-based rate matching, and wherein the selection is based on the difference
value; block encode the received information using the selected rate matching; and transmit,
from the first wireless communication device over a communication channel to a second
wireless communication device, a signal-sequence based on the block encoded received
information.

[0014¢] According to another aspect of the present invention, there is provided a first wireless
communication device, comprising: means for receiving information to be encoded; means for
determining a code block size for the received information; means for determining a power-of-
two block size that corresponds to a largest power-of-two integer that is less than the code block
size; means for subtracting the power-of-two block size from the code block size to generate a
difference value; means for selecting a rate matching for encoding the received information,
wherein the selection is between repetition-based rate matching and puncture-based rate
matching, and wherein the selection is based on the difference value; means for block encoding
the received information using the selected rate matching; and means for transmitting, from the
first wireless communication device over a communication channel to a second wireless
communication device, a sequence based on the block encoded received information.

[0014d] According to one aspect of the present invention, there is provided a non-transitory
computer-readable medium storing computer-executable code, including code to: receive
information to be encoded at a first wireless communication device; determine a code block
size for the received information; determine a power-of-two block size that corresponds to a
largest power-of-two integer that is less than the code block size; subtract the power-of-two
block size from the code block size to generate a difference value; select a rate matching for
encoding the received information, wherein the selection is between repetition-based rate
matching and puncture-based rate matching, and wherein the selection is based on the difference

value; block encode the received information using the selected rate matching; and transmit,
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from the first wireless communication device over a communication channel to a second
wireless communication device, a sequence based on the block encoded received information.

[0014¢] According to another aspect of the present invention, there is provided a method of
communication, comprising: receiving information to be encoded at a first wireless
communication device; determining a code block size for the received information; determining
a power-of-two block size by identifying a largest power-of-two integer that is less than the
code block size, subtracting the power-of-two block size from the code block size to generate a
difference value; selecting repetition-based rate matching based on the difference value; block
encoding the received information to generate first block coded data according to the power-of-
two block size; generating a repetition pattern; obtaining coded bits based on the repetition
pattern; generating second block coded data by adding the coded bits to the first block coded
data; and transmitting, from the first wireless communication device over a communication
channel to a second wireless communication device, a sequence based on the second block
coded data.

[0014f] According to one aspect of the present invention, there is provided a first wireless
communication device, comprising: a memory; and a processor coupled to the memory, the
processor and the memory configured to: receive information to be encoded; determine a code
block size for the received information; determine a power-of-two block size by identifying a
largest power-of-two integer that is less than the code block size; subtract the power-of-two
block size from the code block size to generate a difference value; select repetition-based rate
matching based on the difference value; block encode the received information to generate first
block coded data according to the power-of-two block size; generate a repetition pattern; obtain
coded bits based on the repetition pattern; generate second block coded data by adding the coded
bits to the first block coded data; and transmit, from the first wireless communication device
over a communication channel to a second wireless communication device, a sequence based
on the second block coded data.

[0014g] According to another aspect of the present invention, there is provided a first wireless
communication device, comprising: means for receiving information to be encoded; means for
determining a code block size for the received information; means for determining a power-of-

two block size by identifying a largest power-of-two integer that is less than the code block
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size; means for subtracting the power-of-two block size from the code block size to generate a
difference value; means for selecting repetition-based rate matching based on the difference
value; means for block encoding the received information to generate first block coded data
according to the power-of-two block size; means for generating a repetition pattern; means for
obtaining coded bits based on the repetition pattern; means for generating second block coded
data by adding the coded bits to the first block coded data; and means for transmitting, from the
first wireless communication device over a communication channel to a second wireless
communication device, a sequence based on the second block coded data.

[0014h] According to one aspect of the present invention, there is provided a non-transitory
computer-readable medium storing computer-executable code, including code to: receive
information to be encoded at a first wireless communication device; determine a code block
size for the received information; determine a power-of-two block size by identifying a largest
power-of-two integer that is less than the code block size; subtract the power-of-two block size
from the code block size to generate a difference value; select repetition-based rate matching
based on the difference value; block encode the received information to generate first block
coded data according to the power-of-two block size; generate a repetition pattern; obtain coded
bits based on the repetition pattern; generate second block coded data by adding the coded bits
to the first block coded data; and transmit, from the first wireless communication device over a
communication channel to a second wireless communication device, a sequence based on the
second block coded data.

[0015] These and other aspects of the disclosure will become more fully understood upon a
review of the detailed description, which follows. Other aspects, features, and implementations
of the disclosure will become apparent to those of ordinary skill in the art, upon reviewing the
following description of specific implementations of the disclosure in conjunction with the
accompanying figures. While features of the disclosure may be discussed relative to certain
implementations and figures below, all implementations of the disclosure can include one or
more of the advantageous features discussed herein. In other words, while one or more
implementations may be discussed as having certain advantageous features, one or more of such
features may also be used in accordance with the various implementations of the disclosure

discussed herein. In similar fashion, while certain implementations may be discussed below as
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device, system, or method implementations it should be understood that such implementations

can be implemented in various devices, systems, and methods.
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BRIEF DESCRIPTION OF THE DRAWINGS
18616] The accompanying drawings are presented to aid in the deseniption of aspects of
the disclosure and are provided solely for dlustration of the aspects and not limitations
thereof.
{0617} FIG. | 15 a block diagram of an cxample comownication system in which
aspects of the disclosure may be used.
10018} FIG. 2 15 a block diagram of example communication devices in which aspects
of the disclosure may be used.
[6619] FIG. 3 15 a block diagram of an example encoder in accordance with some
aspects of the disclosure.
{6620] FIG. 4 15 a flow diagram of an example coding process in accordance with some
aspects of the disclosure,
j0021] FIG. 3 is a flow diagram of an exampie repetition-based process in accordance
with somg aspects of the disclosure.
[8022] FIG. 6 1s a graph of a first example simulation in accordance with some aspects
of the disclosure.
[8023] FIG. 7 is a graph of a second example simulation in accordance with some
aspects of the disclosure.
[0024] FIG. 8 is a graph of a third example simulation in accordance with some aspects
of the disclosoere.
10025} FIG. 9 15 a block diagram illustrating an example hardware implementation for
an appartatus {e.g., an electronic device) that can support encoding in accordance with
some aspects of the disclosure.
[0626] FIG. 10 is a flowchart illustrating an example of an encoding process with rate
matching 1n accordance with some aspects of the disclosure.
027 FIG. 11 s a flowchart illustrating an example of a rate matching process m
accordance with some aspects of the disclosure.
10028} FIG. 12 is a flowchart illustrating an cxample of a rate matching process in
accordance with some aspects of the disclosure.
[0029] FIG. 13 13 a block diagram dllustrating an example hardware implementation for
another apparatus €e.g., an electronic device) that can support encoding in accordance
with some aspects of the disclosure.
[0030] FIG. 14 s a flow diagram illustrating an example of a repetition-based encoding

process in accordance with some aspects of the disclosure.
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[0031] FIG. 15 15 a flow diagram illustrating an example of another repetition-based
encoding process m accordance with some aspects of the disclosure.
{8632} FIG. 16 is a flow diagram illustrating an example of a process for generating a

repetition pattern in accordance with some aspects of the disclosure.

DETAILED DESCRIPTION
10633] Various aspects of the disclosure relate o rate matching techniques for a block
encoder.  In some aspects, a decision regarding whether to use repetition-based rate
matching or puncture-based rate matching for the encoding 13 made based on a bleck
size of information being encoded. For example, repetition-based rate matchimg may be
used if the nurber of repetition bits is relatively small. Otherwise, puncture-based rate
matching may be used. Also, mn some aspects, repetition-based rate matching for
encoding may use a bit-reversal permutation technigue.
10034} In some implementations, a block encoder ag tanght herein mayv use Polar codes.
For example, Polar codes may be used for 5G channel coding.
[0635] The detailed description set forth below in connection with the appended
drawings s mtended as a description of various configurations and is aot intended to
represent the only counfigurations m which the concopts described hercin may be
practiced. The detailed description mcludes specific details for the purpose of providing
a thorough understanding of varions concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details.
Moreover, alternate configurations may be devised without departing from the scope of
the disclosure. Additionally, well-known elements will not be descnibed in detail or will
be omitted so as not to obscure the relevant details of the disclosure.
{0036 The various concepts presented throughout this disclosure mav be implemented
across a broad vancty of telecommumcation systems, network archutcctures, and
commumnication standards. For example, the 3rd Generation Partnership Project (3GPP)
is a standards body that defines several wireless comnmumication standauds for networks
mvolving the evolved packet systerm (EPS), froguently referred to as long-torm
evolution (LTE) networks. Evolved versions of the LTE network, such as a fifth-
generation {50} network, may provide for many different types of services or
applications, including but not lunited to web browsing, video streaming, Vol¥, mission
critical applications, multi-hop networks, remote operations with real-time feedback

{c.g., tele-surgery), ete. Thus, the teachings herein can be mmplemented according to

=1
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various network technologies including, without limitation, 3G technology, fourth
generation {4G) technology, third gencration (3G) technology, and other network
architectures.  Also, the technigues described herein may be used for a dowalink, an
uplink, a peer-to-peer link, or some other type of link.

{9637] The actpal  telecommunication  standard, network architecture, and/or
communication standard used will depend on the specific application and the overall
design constraints imposed on the system. For purposes of lustration, the following
may describe varnous aspects in the context of a 5G system and/or an LTE system. It
should be appreciated, however, that the teachings hercin may be used in other systems
as well. Thus, references to functionality in the context of 5G and/or LTE terminclogy
should be understood to be equallv applicable to other types of techuology, networks,

components, signaling, and so on.

Example Communication Svstem

[8638] FIG. 1 tlustrates an example of a wireless communication svstem 100 where a
user equipment (UE) can communicate with other dovices via wircless communication
signaling. For example, a first UE 102 and a second UE 104 may communicate with a
transmit reccive point (TRPY 106 usmg wircless communication resources managed by
the TRP 106 and/or other network components {e.g.. a core network 108, an mternet
service provider (ISP) 110, and so on}. In some implementations, one or more of the
components of the system 100 may communicate with ecach other directedly via a
device-fo-device (D2D) link 112 or some other sunilar type of direct link.

[0039] Communication of mformation between two or more of the components of the
systern 100 may involve encoding the mformation. For example, the TRP 106 may
encode data or control information that the TRP 106 sends to the UE 102 orthe UE 104,
As another example, the UE 102 may encode data or control information that the UE
102 sends to the TRP 106 or the UE 104, The encoding may involve block coding such
as Polar coding. In accordance with the teachings herein, one or more of the UE 102,
the UE 104, the TRP 106, or some other component of the svstem 100 may include a
block encoder with rate matching and/or repetition |14,

[8040] The components and links of the wireless communication system 100 may take
different forms in different implementations. For example, and without limitation, UEs
may be cellular devices, Infernet of Things (I0T) devices, cellilar ToT (CloT) devices,

LTE wircless celiular devices, machine-type commumcation (MTC) cellular devices,
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smart alarms, romote sensors, smart phones, mobile phones, smart meters, personal
digital assistants (PDAs), personal computers, mesh nodes, and tablet computers.

{8041} In some aspects, a TRP may refer to a physical entity that incorporates radio
head functionality for a particular physical cell. In some aspects, the TRP may include
54 pew radio (NR) functionality with an air mterface based on orthogonal frequency
diviston multiplexing (OFDM). NR may support, for example and without limitation,
enhanced mobile broadband {(¢MBB), nussion-critical services, and wide-scale
deplovment of ToT devices. The functionality of a TRP may be sinular in one or more
aspects 1o (or incorporated into} the functionality of a CloT base station (C-BS), a
Nodel?, an evolved NodeB (eNodeB), radio access network {(RAN) access node, a radio
nctwork controller (RMNCY, a base station (BS), a radic base station (RBS), a base station
controlier (BSC), a base transceiver station (BTS), a transceiver function (TF), a radio
transcetver, a radio router, a basic service set (BSS), an extended service set (ESS), a
macro cell, a macro node. a Home eNB {(HeNB), a femto cell, a femto node, a pico
node, or some other suitable entity. To different scenanos {eg, NR LTE, etc), a TRP
may be referred to as a gNodeB (ghNB), an ¢NB, a basc station, or reforenced using
other terminology.

[0042] Varous types of network-to~device Links and D2D bnks may be supported in the
wireless commumication systemn 100, For example, D2D huks may mechude, without
limitation, machine-to-machime (M2M) links, MTC links, vehicle-to-vehicle (V2V)
links, and vchicle-to-anvihing (V2X) hnks. Network-to-device links may include,
without himitation, uplinks {or reverse hinks), downlinks {or forward links), and vehicle-

to-network (V2IN) hnks.

Exanmple Commumnication Components

[0043] FIG. 2 18 a schematic tlustration of a wireless commurication system 200 that
mclades a  first wircless commramication device 202 and a8 sccond  wircless
communication device 204 that may use the teachings herein. In some
unplementations, the Hest wireless comumunication devics 202 or the second wireless
communication device 204 may correspond to the UE 102, the UE 104, or the TRP 106
of FIG. 1.

{0044] In the iflustrated example, the first wireless communication device 202 transmits
a message over a communication channel 206 (¢.g., a wireless channel) to the second

wireless communication device 204, One 1ssue 1 such a scheme that must be addressed
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to provide for rchable communication of the digital message. is to take into account
noise 208 that affects the commmunication chanoel 206.

{8645} Block codes or error correcting codes are frequenily used to provide reliable
transmission of messages over noisy channels. In a typical block code, an information
message or sequenece from an mformation source 210 at the first (transnutting) wircless
commumnication device 202 s sphit up into blocks, each bock having a length of K bits.
An encoder 212 mathematically adds redundancy to the information message, resulting
in codewords having a length of N, where N > K. Here, the code rate R 15 the ratio
between the message length and the block length e, R = K/ N). Explottation of this
redundancy 1 the encoded information message 1s a key to reliably recetving the
transmitted message at the second (receiving) wireless communication device 204,
whereby the redundancy enables correction for bit ervors that may occur due to the noise
208 imparted on the transmitted message.  That is, a decoder 214 at the second
{receiving} wireless communication device 204 can take advantage of the redundancy to
reliably recover the information message provided to an information sink 216 cven
though bit crrors mayv occur, in part, due to the addition of the 208 noisc to the channel
206.

[0046] Many cxamples of such error correcting block codes are known to those of
ordinary skill n the art, mcluding Hamming codes, Bose-Chaudhuri-Hocquenghem
{(BCH) codes, and turbo codes, among others. Some existing wireless communication
networks wtilize such block codes. For example, 3GPP LTE networks may use turbo
codes. However, for future networks, a new category of block codes, called Polar
codes, presents a potential opportunity for reliable and efficient mformation transfer
with improved performance relative to other codes.

10047] Polar codes are hinear block error correcting codes where channel polanization s
generated with a recursive algonthm that defines Polar codes. Polar codes are the fivst
gxplicit codes that achieve the channel capacity of symmetne binary-mput discrete
memoryless channels. That is, Polar codes achieve the channel capacity (the Shannon
ity or the theoretical upper bound on the amouat of error-free nformation that can be
transmitted on a discrete memoryless channel of a given bandwidth m the presence of
noise. This capacity can be achieved with a simple successive cancellation (8C)
decoder.

[6048] Polar codes may be considered as block codes (N, K) where N is the code block

size and K is the number of information bits. The number of mformation bits K is
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variable. While it would be flexible for the encoder 212 to be able to select the number
of information bits K, with Polar codes, the codeword length N is a power-of<wo {c.g.,

256, 512, 1024, etc.) because the ongimal construction of a polarizing matrix is based on
o i
the Kronecker product of et

[0049] The disclosure relates in some aspects to rate matching for Polar codes to
support a vanable block size of the input data and the power-of-two block size for Polar
coding. fn other words, to support the variable size of resources in a practical svstem,
the block size used with Polar coding may be adapted to the resource size.

[8050] Puncturing is one technique that can be used to obtain a codeword that has a
block size that 1s not a power-of-two from a codeword that has a block size that is a
power-of-two. As used herein, the term puncturing may refer to, for example, reducing
the size of a block by omitting (e.g., elirunating) some of the bits of the original block,
while the term repetition may refer to, for example, increasing the size of a block by
repeating {¢.g., adding) some of the hits of the ongmal block. ln practice, it may be
impractical to do an exhaustive search for an optimal puncture pattern due o the
relatively large computation complexity involved i such a search.  Consequenily,
pniform puncturing may be used nstead.

[806531] For Polar codes, the performance with punctaring half of the coded bits 15 the
same as the performance for the code with half the length of the oniginal coded bita.
However, the latter has half the decoding complexity of the former. This umplies that
the puncture scheme is not efficient when the number of puncture bits is close to half of
the original coded bits. In this case, the decoding complesity of puncturing is the same
as the original code with very small performance gain.

{0052} In accordance with the teaching herem, repetilion may be ased instead of
puncturing to obtain a codeword that has a block size that is not a power-of-two from a
codeword that has a block size that is 8 power-of-two. In some aspects, repetition may
provide a desired tradeoff between decoding complexity and performance when the
number of the punciture bits would be close to {or less than) half of the original bits. In
this case, the decoding complexity of the repetition is half of the original code with very
marginal performance degradation compared to a uniform punchure scheme.

{0053} Referring again to FIG. 2, to generate encoded data for a first transmission, the
encoder 212 may include functionality to select rate matching 218 and functionality to

encode data 220 {c.g., to generate a codeword}. In some aspects, the functionality to
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select rate matching 213 selects the type of rate matching to be used (¢.g., repetition or
punctuning) depending on the block size used by the encodmg. To this end, the
functionality to select rate matching 218 may include functionality to determine a code
block size 228 and functionality to select a type of rate matching based on the code
block size.

[080834] The encoder 212 punctures or repeats the encoded data (e.g., a codeword) using
a puncture pattern or repetition pattern, respectively, and sends the resubting data over
the commumication channel 206, To this end, the encoder 212 may include
functionality to punciure or repeat encoded data 222, For a repetition operation, the
functionality to puncture or repeat encoded data 222 may mchude functionality o
generate a repetition pattern 232, functionality to obtain coded bits based on the
repetition pattern 234, and functionality to add the coded bits to block coded data 236,
j8055] Upon recerving the punctured or repeaied encoded data 226, the decoder 214 of
the second wircless commmunication device 204 decodes the data 226, For example, the
decoder 214 may use decoding 224 such as SC decoding or some other suitable type of

decodmg,

Rate Maiching Selection

{3636] The disclosure relates i some aspects to an efficient rate-matching process that
provides an acceptable tradeoff between decoding complexity and performance.
Referning to FIG 3, a block encoder 302 (e.g.. an encoder using Polar coding) encodes
data 304 to generate encoded data 306. Io accordance with the teachings herein, a rate
matching selector 308 selects a rate matching scheme to be used to encode the data 304,
In some aspects, this sclection may be based on a code block size associated with the
data 304 {c.g., based on the characteristics of a resource that wil be used to
compmunucate the encoded data 306). As discussed in more detail below, 1 some cases
{c.g., when the number of repetition bits 15 relatively small), repetition-based rate
maiching 310 is used for the encoding; while in other cases, puncturc-based rate
maichiaog 312 15 used for the encoding.

[0057] In some mmplementations, the encoder 302 may include an mterface 314, an
interface 316, or both. An interface may nclude, for example, an nterface bus, bus
drivers, bus receivers. other suitable circutiry, or a combination thercof. For example,
the interface 314 may mclude receiver devices, buffers, or other circuitry for receiving a

signal.  As another example, the mterface 316 may melude output devices, drnvers, or
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other cireuttry for sending a signal. In some implementations, the interfaces 314 and
316 mav be configured to mierface one or more other components of the encoder 302
{other components not shown in FIG. 3).

{0838] The encoder 302 may take different forms in different implementations. In some
cases, the encoder 302 may be an miegrated circuit. In some cases, the encoder 302 may
be inchided 1n an integrated circuit that includes other circuitry {e.g., a processor and

related circuitry).

Exampie Rate Maiching Scheme for Polar Codes

{8059} For purposes of illustration, an example of a rate matching schems in
accordance with the teachings herein will now be described in the context of Polar
codes. It should be appreciated, however, that the techmiques described herein mayv be
applicable to other types of coding as well.

{0660] FIG. 4 illustrates an example of a rate matching process 400 for Polar codes.
The process 400 may be performed, for example, by the encoder 302 of FIG. 3 or the
apparatus 900 of FIG. 9.

{0061} Atblock 402, a desired coded block size (M) and the number of mformation bits
{K) tor data to be coded are determined. At block 404, a parameter {(N) is deternuned.
N 1s the biggest power-of-two mieger that 15 less than M, that 15, N <M <2N . This
calculation may be based on the parameterm = floor(log, M) and N = 2"

j0862] In some aspects, there may be two ways to constract Polar codes (M, K for the
case where the block size 15 not a power-of-two. The first technique involves
punciuring 2N - M bits from the Polar code (2N, K. The second techmique involves
repeating M - N bits for the Polar code (N, K). The decoding complexaty of the former
is double of the latter. In addition, the performance gain reduces with an increase in the
number of puncture bits. For example, the performance of the Polar code (2N, K} with
N puncture bits 1s the same as that of the Polar code (N, K}; however, the decodmg
complexity with puncture is twice as high. To obtain 8 desired tradeott between
decoding complexity and performance gain, wpetition is a preferable choice if the
number of puncture bits N - M} is close to N, Stated another way, repetition is g
preferable choiee if repetition bits of M - N 15 smali.

{0063] In some implementations, a threshold may be used to decide whether to use

puncture or repetition. A parameter £ {e.g., a fraction} may be used to express such a
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threshold. At block 406 of FIG. 4, f M - N < SN (e.g., with # < 0.5}, for repetition-
based rate matching 1s selected (blocks 408 and 410). Otherwise, puncture-based rate
matching is selected (blocks 412 and 414).

[0864] The value of S can be optimized using simulation, cmpirical testing, or other
surtable techniques. The performance gap between punciure from Polar code (2N, K)
and repetition for Polar code (N, K becomes large with an increase of 5. The example
stmulation results of FEGs. 6 - 8 show that a good tradeof¥ can be obtatned when the
value of f is less than 1/8. The value of # may be selected as a design choice depending
on the needs of a given implementation. For exaraple, there may be tradeoffs between
performance and circuit complexity.  Accordingly, in some cases, 3 lower value of
mayv be selected to provide high performance while, in other cases, a higher valuc of

may be selected to reduce the complexity of the encoder circuitry.

Example Repetition Scheme

18065] For purposes of illustration, an example of a repetition scheme in accordance
with the teachings herein will now be described 1o the context of Polar codes. It should
be appreciated, however, that the techniques described herein may be applicable to other
tvpes of coding as well.

[8066] FIG. 5 llustrates an example of a repetition process 300 for Polar codes. The
process 300 may be performed, for example, by the encoder 302 of FIG. 3 or the
apparatus 1300 of FIG. 13

[6667] At block 302, a Polar code (N, K is constructed thereby obtaining N coded bits.
At block 504, a repetition pattern PP=(0,0,0,---,LL1},, is generated. The last M - N
bits of this pattern are ones. At block 506, the final repetition pattern P will be the bit-
reversal permutatton of PP, The final repetition pattern P may be close to a untform
repetition. At block 508, repetition bits are obtained by collecting the bits whose
locations correspond to ones n the pattem P At block 310 the Polar code (M, K s

generated by appending the M ~ N coded bits at the end of the Polar code (N, K}

18068] As discussed above, puncturing may be used to obtam length-compatible Polar
codes having a codeword whose block length 1s not a power-ofitwo.  For example, to

obtain a 1000-bit codeword length, 24 bits may be punctured from a 1024-bit codeword.
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According to various aspects of the present disclosure, puncturing may be utilized to
obtain codewords of arbitrary length {c.g., lengths that are not necessanly a power-of-
two). Thus, in general, the term punchuring as used herein may refer, at least in some
aspects, to removing one or more coded bits from a set of coded bits (e.g., & codeword).
{866%] When performing codeword puncturing, the selection of which bits to punchure
(the puncturing pattern) is an important concern and can affect the efficiency of the
algorithm.  Even if it is possible, it might not be desirable to perform an exhaustive
search of all puncture patterns to find the optimal puncture pattorn, due to the extensive
computation complexity that would be required.

{80676} A punctuning scheme may use various puncturing patterns.  Among known
puncturing patterns, a uniform puncturing patiom provides relatively good performance.
It should be appreciated, however, that non-uniform {e.g., random) puncturing may be

used i conpunction with the teachings herein,

Decoding

{8671} At a recaiving dovice, coded information may be decoded usmg, for cxample, a
decoder based on a successive cancellation decoding algorithm. In some aspects, a
decoder could be based on (e.g., sinular to) a decoder used for low-density parity-check

{LDPC) codes or Turbo codes in terms of the mput and the output of the decoder.

Example Simulations

[6672] FIGs. 6, 7, and 8 illustrate stmulations 600, 700, and 800, respectively, for Polar
codes with different values for B In the sumulations, Gaussian Approximation (GA)
algorithm s used to construct Polar code. The number of the information bits K 1s 128
and N is 256 bits. The block sizes M are 320, 288 and 272 bits. These sizes correspond
to 1/4, 1/8, and 1716 for B, respectively. A CRC aided list successive cancellation
decoding algorithm is used with list size of 32,

{9073] The performance of Polar code (320,128} 1s depicted in FIG. 6. The puncture
algortiun with bit-reversal pernutation 1s applied for construction of Polar code. The
Iegend of “original” {curve 602} stands for the performance of Polar code (256,128},
Two repetition schemes are cvaluated: 2 scheme based on bit-reversal permutation
{curve 604} and a scheme based on block repetition {curve 606}, In the latter, the first
quarter of the block is repeated. The second quarter, the third guarter and the last

quarter of the block for repetition may have similar performance. Therefore, only one
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curve here is shown. As indicated, the performance with puncture (curve 608) is best,
albert, with twice the complexity over the other schemes. The two repetition schemes
outperform the original case because 64 coded bits are repeated. The repetition with
bit-reversal permutation outperforins the block repetition.  Considering around 0.4dB
gain over repetition, puncture may still be a good choice when B 1s larger than 1/4.

6074 The performance of Polar code (288,128} and (272,128} are depicted in FIG. 7
and FIG. 8 respectively.  As mdicated, the performance gap between puncture {(purve
702 i F1G. 7 and curve 802 in Fig. 8) and repetition {curve 704 in FIG. 7 and curve 804
i Fig. 8) with bit-reversal permutation becomes smaller are  decreases. The gap is
fess than 0.2 dB when P equals to 1/8 in this example. There is marginal gain when
cquals fo 1/16 in this example. Theretore, a good tradeoff between decoding

complexity and performance may be obtained when B less than /8.

First Example Apparatus

[6675] FIG. 9 illustraies a block diagram of an example hardware implementation of an
apparatus 900 configured to use oncoding according to onc or more aspects of the
disclosure. The apparatus 900 could embody or be implemented within a UE, a transmit
receive point (FRP}, a base station, or some other type of device that supports encoding
as taught herein. In various implementations, the apparatus 900 could embody or be
mnplemented within an access terminal, an aceess point, or some other type of device.
In various implementations, the apparatus 900 could embody or be implemented within
a mobile phone, a smart phone, a tablet, a portable computer, a server, a network entity,
a personal computer, a sensor, an alarm, a velucle, a machine, an entertainment device,
a medical device, or any other electromie device having circuitry.

10076] The apparatus 900 includes a comnwnication interface 902 {c.g., at least one
transceiver), a storage medium 904, a user mterface 906, a memory device 908, and a
processing circuat 910 (e.g., at least one processory. These components can be coupled
to and/or placed in electrical communication with one another via a signaling bus or
other suitable compounent, represented generally by the connection bines 1 FIG. 9. The
signaling bus may include any number of mierconnecting buses and bridges depending
on the specific apphication of the processing circuit 910 and the overall design
constraints. The signaling bus links together various circuits such that cach of the
commumnication interface 902, the storage medium 904, the user interface 906, and the

memory device 908 are coupled to and/or in electrical conpmumication with the
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processing circuit 910, The signaling bus may also link various other circuits (not
shown} such as timing sources, peripherals, voltage regulators, and power management
circuits, which are well known in the art, and therefore, will not be described any
further,

{9677 The commumication interface 902 may be adapted to faciiate wircless
commumnication of the apparatus 900, For example, the commumication interface 902
mayv include circuitry and/or programming adapted to facilitate the communication of
information bi-directionally with respect to one or more communication devices n a
network, Thus, n some implementations, the commumcation wterface 902 may be
coupled to one or more antennas 912 for wireless communication within a wireless
communication system. In some implementations, the communication mterface 902
may be configured for wirg-based communication. For example, the comnmumnication
mterface 902 could be a bus interface, a send/receive mierface, or some other type of
signal interface including drivers, buffers, or cother circuitry for outputting and/or
obtaining signals (e g, outputting signal from and/or receiving signals into an mtegrated
circuit).  The communication interface 902 can be contigured with onc or morc
standalone receivers and/or transmitiers, as well as one or more fransecivers. In the
illustrated cxample, the communication intorface 902 includes a transmitter 914 and a
receiver 916,

{0878} The memory device 908 may represent one or more memory devices.  AS
mdicated, the memory device 908 may maintain cncoding-related nfoumation 918
along with other information used by the apparatus 900. In some toplementations, the
memory device 908 and the storage medium 904 are implemented as a common
memory component. The memory deviee %08 may also be used for storing data that s
manipulated by the processing circuit 910 or some other component of the apparatus
GO0,

10679 The storage medizm 904 may represent ong or more computer-readable,
machine-readable, and/or processor-readable devices for storing programming, such as
processor oxecutable code or mstructions {e.g., software, fimware), clectronic data,
databases, or other digital information. The storage medium 904 may also be used for
storing data that is manipulated by the processing circuit 910 when executing
programming. The storage modium 904 may be any available media that can be

accessed by a general purpose or special purpose processor, including portable or fixed
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storage devices, optical storage devices, and various other mediums capable of storing,
contaning or CAryIng programming.

{0088} By way of cxample and not limitation, the storage medium 904 may include a
magnetic storage device {c.g., hard disk, floppy disk, magnetic strip), an optical disk
{c.g., a compact disc (CD) or a digital versatile disc (DVD)), a smart card, a flash
memory device {¢.g., a card, a stick, or a key drive), a random access memory (RAM), a
read only memory (ROM), a programmable ROM (PROM), an crasable PROM
(EPROM), an cloctrically erasable PROM (EEPROM), a register, a removable disk, and
any other suitable medinm for storng software and/or instructions that may be accessed
and read by a computer. The storage mediom 904 may be embodied 1 an article of
manufacture {c.g.., a computer program product). By way of cxample, a computer
program product may include a computer-readable medium in packaging materials, In
view of the above, in some implementations, the storage medium 904 may be a non-
transitory {¢.g ., tangible} storage medium,

16081] The storage medium 904 mav be coupled to the processing circuit 910 such that
the processing cirenit 910 can read mformation from, and wrte mformation to, the
storage medium 904, That ts, the storage medium 904 can be coupled to the processing
cirauit 910 so that the storage medium 904 is at least accessible by the processing circuit
910, including examples where at least one storage medium 1s integral {o the processing
circuit 910 and/or examples where at least one storage medium is separate from the
processing circnit 910 {e.g , resident in the apparatus 900, extemnal to the apparatus 900,
distributed acrogss multiple entities, ¢tc.).

[0682] Programming stored by the storage medium 904, when executed by the
processing circuit 910, causes the processing circint 910 to perform one or more of the
various functions and/or process operations described herein. For example, the storage
medimm 904 may include operations configured for regulating operations at one or more
hardware blocks of the processing circait 910, as well as to utdize the commumication
mterface 902 for wireless communication utilizing their respective communication
protocols.

{0683] The processing circuit 910 15 generally adapted for processing, mcluding the
execution of such programming stored on the storage medium 904, As used herein, the
terms “code” or “programming” shall be construed broadly to mchide without litation
mstiuctions, instruction sets, data, code, code segments, program code, programs,

programming, subprograms, software modules, applications, software applications,
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software packages, routines, subroutings, objects, executables, threads of execution,
procedures, functions, etc., whether referred fo as software, firmware, nuddleware,
microcods, hardwarg descaption language, or otherwise.

{0084} The processing circuit 910 is arranged to obtain, process and/or send data,
control data access and storage, 1ssue commands, and control other desired operations.
The processing circuit 910 may nclude circuitry configured to implement desired
programating provided by appropriate media in at least one cxample. For example, the
processing circuit 910 may be implomented as one Or MOre Processors, One of More
controliers, and/or other structure configured to execute executable programming.
Examples of the processing circut 910 may inclode a general purpose processor, a
digital signal processor (PSP}, an application specific infegrated cureutt (ASIC), a field
programmable gate array (FPGA) or other programmable logic component, discrete
gate or transistor logic, discrete hardware components, or any combination thercof
designed to perform the functions described herein. A general purpose processor may
meclude a microprocessor, as well as any conventional processor, controller,
microcontroller, or state machine. The processing circuit 210 may also be implemented
as a combination of computing components, such as a combination of a DSP and a
microprocessor, a number of MICroprocessors, onc of MOre MICTOProCessOEs In
conjunction with a DSP core, an ASIC and a microprocessor, or any other number of
varying configurations. These examyples of the processing circuit 918 are for illustration
and other seitable configurations within the scope of the disclosure are also
contemplated.

[8085] According to one or more aspects of the disclosure, the processing circuit 910
may be adapted to porform any or all of the featurcs, processes, functions, operations
and/or routings tor any or all of the apparatuses described herein.  For example, the
processing circuit 910 may be configured to perform any of the steps, functions, and/or
processes desenibed with respect to FIGs. 1 -5 and 10 - 12, As used herem, the tenm
“adapted” in relation to the processing circuit 910 may refer o the processing circuit
910 being one or raore of configwred, used, mmplemented, and/or programmed to
perform a particular process, function, operation and/or routine according to various
features descnbed herein

[0086] The processing cirenit 910 may be a specialized processor, such as an
application specific integrated cireuit (ASIC) that serves as a means for (e.g., structure

for) carrving out any one of the operations described in conjunction with FIGs. 1 -5 and
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10 - 12, The processing circuit 910 may scrve as one cxample of a means for
transmitting and/or a means for receiving. o varlous implementations, the processing
cireuit 910 may provide and/or incorporate the functionality of the first wircless
communication device 202 {e.g., the encoder 212) of FIG. 2 or the encoder 302 of FIG.
3.

6087} According to at least one example of the apparatus 900, the processing circuit
914 may mechude one or more of a circurt/module for receiving 920, a circuit/module for
determuning a code block size 922, a circuit/module for selecting rate matching 924, a
cireuit/module for block encoding 926, a circuit/module for determining a power-of-two
block size 928, a circuit/module for determining a difference 930, a circuit/module for
calculating 932, or a circuit/module for comparing 934, 1o various imaplementations, the
circuit/module for receiving 920, the circuit/module for determining a code block size
922, the circuit/module for selecting rate matching 924, the circuit/modale for block
gncoding 926, the circuitVmodule for determining a power-of-bwo block size 928, the
circuit/module for determining a difference 930, the circuit/module for calculating 932,
or the circuit/module for comparing 934 may provide and/or incorporate, at least in part,
the functionality described above for the first wireless communication device 202 {e.g.,
the encoder 212) of FIG. 2 orthe encoder 302 of FIG. 3

{B088] As mentioned above, programming stored by the storage medium 904, when
executed by the processing circuit 910, causes the processing circuit 910 to perform one
or more of the various functions and/or process operations desertbed herein.  For
example, the programming may cause the processing circuit 910 to perfonn the various
functions, steps, and/or processes described herein with respect to FIGs. 1 -3 and 10 -
12 n various mmplementations. As shown i FIG. 9, the storage medium 904 may
inchide one or more of code for receiving 936, code for determining a code block size
938, code for selecting rate matching 940, code for block encoding 942, code for
determining a power-of-two block size 944, code for determining a difference 946, code
for calculating 948, or code for comparing 950. In various implementations, the code
for receiving 936, the code for detenmimog a code block size 938, the code for selecting
rate matching 940, the code for block encoding 942, the code for deternuning a power-
of-two block size 944, the code for determining a difference 946, the code for
calculating 948, or the code for comparing 950 may be exccuted or otherwise used to
provide the functionality described heren for the civcuit/module for recerving 920, the

circuit/module for determinimg a code block size 922, the circuit/module for selecting
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rate matching 924, the circuit/module for block cncoding 926, the circuit/module for
determining a power-of-two block size 928, the curcut/module for determiming a
difference 930, the circuit/module for calculating 932, or the circwit/module for
comparing 934,

{00689] The circuit/module for receiving 920 may include curouitry and/or programming
{e.g., code for receiving 930 stored on the storage medium 904) adapted to perform
several functions relating to, for example, receiving information. In some scenarios, the
circuit/module for receiving 920 may obtain information {¢.g., from the communication
mterface 902, the memory device, or some other component of the apparatus 900) and
processes {e.g., decodes) the information. In some scenarnios (e.g., if the circuit/modude
for receiving 920 s or includes an RF rocetver), the circuit/module for receiving 920
may receive nformation directly from a device that transmitied the information. In
etther case, the circuit/module for receiving 920 may output the obtained information to
another component of the apparatus 900 (¢.g., the circwit/module for determining a code
block s1ze 922 the circuit/module for block encoding 926, the memory device 908, or
some other component).

[00%0] The circuit/module for receiving 920 {c.g., a means for receiving) may take
various forms. In some aspects, the circuit/module for receiving 920 may correspond to,
for example, an interface {¢.g., a bus interface, a send/receive interface, or some other
type of signal interface}, a commumication device, a fransceiver, a recgiver, or some
other similar component as discussed hercin, In some implementations, the
conununication interface 902 ineludes the circuit/module for receiving 920 and/or the
code for receiving 930, In some implementations, the circuit/module for recetving 920
and/or the code for receiving 930 s configured to control the communication ntcrface
902 (e.g., a transceiver or a receiver) 1o receive information.

{091} The crowt/module for determuning a code block size 922 may mclude circuitry
and/or programming {¢.g., code for determining a code block size 938 stored on the
storage mediom 904} adapted fo perform several functions relating to, for example,
deternuning a code block size for received wnforomation.  In some aspects, the
circuit/module for determuning a code block size 922 {e.g., a means for defermining a
code block size) may correspond to, for example, a processing circit.

{3092} In some scenanios, the circuit/module for determining a code block size 922 may
obtain information {e.g., configuration mformation) that indicates the block sizes

supported by an encoder (e.g.;, an encoding algorithm). In some scenarios, the
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circuit/module for determmining a code block size 922 may obtain information that
mdicates the resource size to be used to send the mformation {c.g., over a particular
time-frequency resource}. In some scenarios, the circuit/module for determining a code
block size 922 may select the block size that best matches the resource size. The
circuit/module for determining a code block size 922 may then output an mndication of
the code block size {e.g., to the circuit/module for selecting rate matching 924, the
circuit/module for determining a power-of-two block size 928, the circuit/modale for
determuning a difference 930, the memory device 908, or some other component).

18093} The circuit/module for selecting rate matching 924 may nclude circutry and/or
programming {¢.g., code for sclecting rate matching 940 stored on the storage medium
904} adapted to perform scveral functions relating to, for example, sclecting rate
matching for encoding mnformation. In some aspects, the circuit/module for selecting

rate matching 924 {¢.g., a means for sclecting rate matching) may correspond to, for

g
gxample, a processing circuit.

18094} In some scenarios, the circuit/module for selecting rate matching 924 may select
between repetition-bascd ratc matching and puncturc-bascd rate matching. In some
scenarios, the selection s based on a code block size. In this case, the circuit/module
for sclecting rate matching 924 may obtain code block size mformation {(c.g., from the
circuit/module for determining a code block size 922, the memory device, or sore other
component of the apparatus 500). The circuit/module for selecting rate maiching 924
decides which rate matching scheme to use based on, for example, the code block size
{o.g., as discussed above in conjunction with FiGs. 2 - 4. The circuit/module for
selecting rate matching 924 may then output an indication of the selection (e.g., to the
circuit/module for block encoding 926, the memory device 908, an encoder, or some
other component},

[8095] The crecuit/module for block encoding 926 wmay include cirewitry and/or
programmang {c.g., code for block encoding 942 stored on the storage medium 904)
adapted 1o perform several functions relating to, for example, encoding information. In
some aspects, the circuit/module for block encoding 926 {(c.g., a means for bock
encoding) may correspond to, for example, a processing circuit.

10696} In some aspects, the circuit/module for block encoding 926 may execute an
encoding algonthm.  For example, the circuit/module for block cncodmg 926 may

perform a block coding algorithin or a Polar coding algorithm. The circuit/module for
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block encoding 926 may then output the resulting encoded information {c.g., to the
comununication mterface 902, the memory device 908, or some other component}.
{86971 The circuit/module for determining a power-of-two block size 928 may include
circuitry and/or programming (c.g., code for determuning a power-of-two block size 944
stored on the storage medium 904) adapted to perform several functions relating fo, for
example, determining a power-of-two block size that corresponds to a largest power-of-
two mteger that 1s less than the code block size. In some aspects, the circuit/module for
determuning a power-of-two block size 928 {c.g.. a means for deternuning a power-of-
two block size) may correspond to, for example, a processing circuit.

{6698} In some scenarios, the circut/module for determpung a power-of-two block size
028 may obtain code block size information {e.g., from the circuit/module for
determining a code block size 922, the memory device, or some other component of the
apparatus 9003, The circuit/module for determining a power-of-two block size 928
identifics the particular power-of-two block size based on the code block size {e.z., as
discussed above in conpunction with FIGs. 2 - 4). The circuit/module for determuning a
power-of-two block size 928 may then output an mndication of the power-of-two block
size {¢.g., to the circuit/module for determining a difference 930, the memory device
908, or some other component).

[8099] The circuit/module for detormining a difference 930 may mclude circuitry
and/or programming {¢.g., code for deternuning a difference 946 stored on the storage
mediam 904) adapted to perform several functions relating to, for cxample, determining
a differonce between the code block size and the power-of-two block size. In some
aspects, the circwt/module for determmning a difference 930 {(eg. a means for
determining a difference) may correspond to, for example, a processing circuit.

1010¢] The circuit/module for determining a difference 930 obtains code block size
information {e.g., from the circuit/module for determiming a code block size 922, the
memory device, or some other component of the apparatus 900). The circuit/module for
determining a difference 930 also obtains the power-of-two block size {e.g., from the
circuit/module for deteromning the power-of~two block size 928, the memory device, or
some other component of the apparatus 900). The circuit/module for determining a
difference 930 subtracts one of these value from the other one of these values. The
circuit/module for determining a difference 930 may then output the result of the
gubtraction {c.g., to the circuit/module for selecting rate matching 924, the

circuit/module for comparng 934, the memory device 908, or some other component).
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[0101) The crcuit/module for calculating 932 mayv include circuitry  and/or
programming {e.g., code for calculating 948 stored on the storage medwim 904} adapted
to perform several functions relating to, for example. calculating a fraction. In some
aspects, the circuit/module for calenlating 932 (e.g., a means for calculating) may
correspond to, for example, a processing circuit.

[0102] In some scenarios, the circuit/modele for calculating 932 may obtain the power-
oftwo block size (e g, from the circuit/module for deternunimg the power-of-two block
size 928, the memory device, or some other component of the apparatus 900). The
circuit/module for calculating 932 may then perform an arthmetic operation on the
power-of-two block size to determine a fraction of thas value (e.g., as discassed above in
conmjunction with FIGs. 2 - 4). The circuit/module for caleulating 932 may then output
an indication of the calculation {(e.g., to the circuit/module for comparing 934, the
memory device 908, or some other component}.

{0103] The circuitYmodule for comparing 934 mayv include circuitry  and/or
programming {¢.g., code for comparing 950 stored on the storage medium 904) adapted
to perform several functions relating to, for example, comparing two values. In some
aspects, the circuit/module for comparing 934 {¢.g., a means for comparing) may
correspond to, for example, a processing circuit.

[3104] In one scenano, the circuit/module for comparing 934 obtans a difference value
{e.g., from the circuit/modale for determining a difference 930, the memory device, or
some other component of the apparatus 900}  In addition, the circuit/module for
comparing 934 obtains a fraction value {e.g.. from the cusuimodule for caleulating
932, the memory device, or some other component of the apparatus 900} e
circwit/module for comparing 934 determines which ong of these valuc is larger than the
other onc of these wvalues {c.g., by performing a subtraction operation). The
circuit/module for companng 934 may then output the result of this determmation {e.g.,
to the circoit/module for selecting rate matching 924, the memory device 908, or some

other component).

First Example Progess

[0105] FIG. 10 illustrates a process 1000 for communication tn accordance with some
aspects of the disclosure. One or more aspects of the process 1000 may be used in
conjunction with (¢.g., in addition to or as part of) the process 1000 of FIG. 10, Of

course, in vartous aspects within the scope of the disclosure, the process 1000 may be
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mplemented by anv suitable apparatus capable of supporting signaling-related
operations.

{0106] At block 1002, an apparatus {e.g.. a device that include an encoder} receives
information to be encodad.

{9107] In somce mmplementations, the circuit/module for receiving 920 of FIG. 9
performs the operations of block 1002, In some implementations, the code for receiving
936 of FIG. 9 15 executed to perform the operations of block 1002,

{0108] At block 1004, the apparatus deternunes a code block size for the received
mformation.

[0109] In some mmplementations, the circuit/module for determiming a code block size
922 of FIG. 9 performs the operations of block 1004, In some umplementations, the
code for determining a code block size 938 of FIG. 9 is executed to perform the
operations of block 1004,

{01198] At block 1006, the apparatus selects rate maitching for encoding the received
mformation.  In some aspects, the selection mav be between repetition-based rate
matching and puncturc-bascd ratc matching. In somc aspects, the scloction may be
based on the code block size.

[0111] In some aspects, the selection of the rate matching may include selecting
repetition-based rate matching or puncture-based rate matching. For example, the
selection of the rate matching at block 1006 may involve selecting repetition-based rate
matching if the comparison indicates that the difference is less than the fraction.
Conversely, the selection of the tate matching at block 1006 may involve selecting
puncture-based rate matching 1f the companson indicates that the difference is greater
than or equal to the fraction.

10112} In some 1meplomentations, the circuit/module for sclecting rate maiching 924 of
FIG. 9 performs the operations of block 1006, In some unplementations, the code for
sclecting rate matching 940 of FIG. 9 1s exccuted to perform the operations of block
1006,

16113] At block 1008, the apparatus block encodes the received imformation using the
selected rate matching. Tn some aspects, the block encoding may be Polar coding.
{0114] In cases where the block encoding uses the repetition-based rate matching {e.g.,
the rate matching sclected at block 1006 15 the repetition-based rate matching), the block
encoding may mnclude: generating block coded data based on the power-oftwo block

size; and adding repetition bits to the generated block coded data.  In this case, the
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addition of repetition bits to the generated block coded data may involve adding a
guantity of bits equal to the difference between the code block size and the power-of-
two block size to the generated block coded data.

{3115} In cases where the block encoding uscs the puncture-based rate matching (e.g.,
the rate maiching selected at block 1006 1s the punciure-based rate matchmg), the block
encoding may include: gensrating block coded data based on double the power-of-two
block size; and puncturing bits of the generated block coded data. In this case, the
puncturing of hits of the generated block coded data may involve punctuning a guantity
of biis equal 1o a ditference between double the power-of-two block size and the code
block size.

10116] In some tmplementations, the cireuit/module for block encoding 926 of FIG. 9
performs the operations of block 1008, In some mmplementations, the code for block
encading 942 of FIG. 9 15 exccuted to perform the operations of block 1008,

13117} In some aspects, the process 1000 may include any combination of two or mors

of the above features.

Second Example Process

[0118] FIG. 11 sllustrates a process 1100 for communication i accordance with some
aspects of the disclosure. One or more aspects of the process 1100 may be used
conjunction with (e.g., tn addition to or as pasrt of) the process 1600 of FIG. 10. The
process 1100 may take place within a processing circuoit (¢.g., the processing circuit 910
of FIG. 9}, which may be located mn an access termunal, a base station, or some other
suitable apparatus. Of course, in various aspects within the scope of the disclosure, the
process 1100 may be mmplemented by any suitable apparates capable of supporting
signaling-related operations.

[0119] At block 1102, an apparatus {e.g., a device that include an encoder) determines a
power-of-two block size that corresponds to a largest power-ofttwo mnteger that 13 fess
than a code block size {(e.g., the code block size determined at block 1004 of FIG. 10}
161268] In some mplementations, the cucuit/meodule for deteroining a power-of-two
block size 928 of FIG. 9 performs the operations of block 1102, In some
implementations, the code for determining a power-of-two block size 944 of FIG. @ i
executed to perform the operations of block 1102,

[3121] At block 1104, the apparatus determines a difference between the code block

size and the power-of-two block size of block 1102
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10122] In some implementations, the circuit/module for determiming a difference 930 of
FIG. 9 performs the operations of block 1104, In some mplementations, the code for
determining g difference 946 of FIG. 9 is executed to perform the operations of block
1104,

{9123] At block 1106, the apparatus sclects rate matching for encoding received
wformation (¢.g., the information received at block 1002 of FIG. 10). In some aspects,
this selection may be based on the difference determined at block 1104

[0124] In some mplementations, the circutt/module for sclecting rate matching 924 of
FIG. 9 performs the operations of block 1106, In some implementations, the code for
selecting rate matching 940 of FIG. 9 15 executed to perform the operations of block
1106,

{0125} In some aspects, the process 11060 may include anv combination of two or more

of the above features.

Third Example Process

{8126] FIG. 12 lustrates a process 1200 for comumunication in accordance with some
aspects of the disclosure. One or more aspects of the process 1200 may be used in
conjunction with (c.g., i addition to or as part of} the process 1000 of FIG. 10, The
process 1200 may take place within a processing circuit {¢.g., the processing circuit 910
of FIG. 9}, which may be located m an access terminal, a base station, or some other
suitable apparatus. Of course, in various aspects within the scope of the disclosure, the
process 1200 may be umplemented by any suitable apparatus capable of supporting
signaling-related operations.

{0127} Atblock 1202, an apparatus {¢.g., a device that mclude an encoder) determines a
power-of-two block size that corresponds 1o a largest power-of-two intoger that is less
than a code block size {e.g., the code block size determined at block 1004 of FIG. 10)
10128] In some mmplementations, the cireuwit/module for determining a power-of-two
block size 928 of FIG. 9 performs the operations of block 1202, In some
unplementations, the code for detenmumng a power-of-two block size 944 of FIG. 9 13
executed to perform the operations of block 1202,

10128} At block 1204, the apparatus determmnes a difference between the code block
size and the power-of-two block size of block 1202,

[#130] In some implementations, the circuit/module for determimmng a difference 930 of

FIG. 9 performs the operations of block 1204, In some implementations, the code for
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determining a difference 946 of FIG. 9 is cxecuted to perform the operations of block
1204,

{8131} At block 1206, the apparatus calculates a fraction of the power-of-two block size
determined at block 1202,

{0132} In some umplementations, the circuit/module for calcalating 932 of FIG. 9
performs the opesations of block 1206, In some mmplementations, the code for
calculating 948 of FIG. 9 is executed to perform the operations of black 1206,

10133] At block 1208, the apparatus compares the difference determined at block 1204
with the fraction calculated at block 1206,

[0134] In some implementations, the circuit/modole for comparimg 934 of FIG. 9
performs the operations of block 1208, In some implementations, the code for
comparing 948 of FIG. 9 is executed to perform the operations of block 1208,

j#135] At block 1210, the apparatos selects rate matching for encoding received
information (¢.g., the information received at block 1002 of FIG. 10}, In some aspects.
this selection may be based on the comparison of block 1208,

{8136} In somc implementations, the circuit/module for sclecting rate matching 924 of
FIG. 9 performs the operations of block 1218, In some mmplementations, the code for
sclecting rate matching 940 of FIG. 9 15 executed to perform the operations of block
1230,

j#137] In some aspects, the process 1200 may inclode any combination of two or more

of the above features.

Second Example Apparatus

[0138] FIG. 13 illustrates a block diagram of an example hardware implementation of
an apparatus 1300 configured o use encoding according to one or more aspects of the
disclosure.  The apparatus 1300 could embody or be mmplemented within a UE, a
transmit receive pomnt (TRP), a base station, or some other type of device that supports
encoding as taught herein. In various implementations, the apparatus 1300 could
cmbody or be impleomented withio an access termual, an access pot, or some other
type of device. In vanous implementations, the apparatus 1300 could embody or be
inplemented within a mobile phone, a smart phone, a tablet, a portable computer, a
server, a network entity, a personal computer, 3 sensor, an alarm, a vehicle, a maching,
an entertamment device, a medical device, or any other electronic device having

CHCRILY.
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19139] The apparatus 1300 ncludes a communication interface 1302 {(e.g., at lcast one
transceiver), a storage medium 1304, a user miterface 1306, a memory device 1308 (o g,
storing token-refated mformation 1318), and a processing circuit 1310 (e.g.. at least one
processor).  In varnous implementations, the unser interface 1306 may mclude one or
more of. a kevpad, a display, a speaker, a microphone, a touchscreen display, of some
other circuitry for receiving an input from or sending an output to a vser. The
communication interface 1302 may he coupled to one or more antennas 1312, and may
include a transmitter 1314 and a receiver 1316. In general, the components of FIG. 13
may be similar to corresponding components of the apparatus 900 of FIG. 9.

{0140} According to one or more aspects of the disclosure, the processing circut 1310
may be adapted to perform any or all of the features, processes, functions, operations
and/or routmes for any or all of the apparatuses described herein.  For example, the
processing circait 1310 may be configured to perform any of the steps, functions, and/or
processes described with respect to FIGs. 1 - 5 and 14 - 16, As used herein, the term
“adapted” in relation to the processing circutt 1310 may refer to the processing circuit
1310 being one or more of configured, used, implemented, and/or programmed to
perform a particular process, function, operation and/or routine according to various
features described herein

[3141] The processing circuit 1310 may be a specialized processor, such as an
application specific integrated ciroust (ASIC) that serves as a means for (e.g., structure
for) carrving out any one of the operations described in conjunction with FIGs. 1 -5 and
i4 - 16, The processing circuit 1310 may serve as one example of a means for
transmitting and/or a means for receiving. In various implementations, the processing
circuit 1310 may provide and/or incorporate the functionality of the first wireless
communication device 202 {¢.z, the encoder 212) of FIG. 2 or the encoder 302 of FIG.
10142] According to at least one example of the apparatus 1300, the processing circuit
1316 may include one or more of a circuit/module for receiving 1320, a circuit/module
for block encoding 1322, a circut/module for generating a repetition patiern 1324, a
circuit/module for obtamming coded bits 1326, a arcut/module for generating coded
block data 1328, a circuit/module for detemmining a code block size 1330, a
circuit/module for determuning a power-of-two block size 1332, or a circuit/module for

determining a difference 1334,
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10143] As mentioned above, programming stored by the storage medium 1304, when
executed by the processing circutt 1310, causes the processing circurt 1310 to perform
one or more of the various functions and/or process operations described herein in
conjunction with FIGs. 1 -~ 5 and 14 - 16. For example, the storage medium 1304 may
nchude one or more of code for receiving 1336, code for block encoding 13328, code for
generating a repetition pattern 1340, code for obtaining coded bits 1342, code for
gencrating coded block data 1344, code for determining a code block size 1346, code
for determining a power-cf-two block size 1348, or code for determuning a difference
1350, In vanous implementations, the code for receiving 1336, the code for block
encoding 1338, the code for generating a repetition pattern 1340, the code for obtaming
coded bits 1342, the code for generating coded block data 1344, the code for
determining a code block size 1346, the code for determining a power-of<two block size
1348, or the code for determuning a differcnce 1350 may be exccuted or otherwise used
to provide the functionality described herein for the circuit/module for receiving 1320,
the circmit/module for block encoding 1322, the cirevit/module for generating a
repetition pattern 1324, the cwrcuit/module for obtaining coded bits 1326, the
cireuit/module for generating coded block data 1328, the circuit/module for determining

a code block size 1330, the circuit/module for determining a power-oftwo block size

g
1332, or the circuit/module for determining a difference 1334,

j#144] The cucouit/module for receiving 1320 mav inclede circuitty  and/or
programming {¢.g, code for receiving 1336 stored on the storage medium 1304)
adapted to perform several functions relating to, for exarople, receiving information. In
some scenarios, the circuit/module tor receiving 1320 may obtam information {e.g.,
from the communication mterface 1302, the memaory device, or some other component
of the apparatus 1300) and processes {¢.g., decodes) the information. In some scenarios
{c.g, if the curcuit/module for receiving 1320 1s or includes an RF receiver), the
circuit/module for recetving 1320 may reccive nformation directly from a device that
transmitied the information. In cither case, the circuit/module for receiving 1320 may
cutput the obtained information to another component of the apparatus 1300 {e.g.. the
cireuit/module for block encoding 1322, the circuit/module for determuning a code
block stze 1330, the memory device 1308, or some other component).

10145} The circutt/module for recciving 1320 (c.g., a means for recciving) may take
various forms. In some aspects, the circuit/module for receiving 1320 may correspond

to, for example, an interface {(¢.g., a bus interface, a sendfreceive mterface, or some
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other type of signal mierface), a commuuication device, 3 {ransceiver, a 1oceiver, or
some other sumlar component as discussed heren. In some implementations, the
communication nterface 1302 includes the circuit/module for receiving 1320 and/or the
code for receiving 1336, In some implementations, the circuit/module for receiving
1320 and/or the code for receiving 1336 is contigured to control the commuuication
witerface 1302 {(e.g., a transceiver or a recetver) to receive mformation,

10146} The crrowitmodule for block encoding 1322 may mclude circuitry and/or
programming {¢.g., code for block encoding 1338 stored on the storage medmm 1304)
adapted to perform several functions relating to, for example, encoding mformation. In
some aspects, the cirawt/module for block encoding 1322 {(e.g., 2 means for block
encoding) may correspond to. for example, a processing circuit.

{3147} In some aspects, the circuit/module for block encoding 1322 may execute an
encoding algorithm.  For example, the circuit/module for block encoding 1322 may
perform a block coding algorithm or a Polar coding algorithm. The circuit/module for
determining a block encoding 1322 may then output the resulting encoded information
{c.g., to communication wicrface 1302, the memory deviee 1308, or some other
component}.

[0148] The circot/module for generating a repetition pattern 1324 may include circuitry
and/or programmming {e.g., code for gencrating a repetition pattern 1340 stored on the
storage medium 1304} adapted to perform several functions relating to, for example,
generating a fepetition pattern for oncoded information.  In some aspects, the
circuit/module for generating a repetition pattern 1324 {e.g.. a means for generating a
repetition patiern) mayv correspond to, for example, a processing circuit.

{6149} In somc aspects, the circuit/moduic for gencrating a repetition paticrn 1324 may
generate a repetition pattemn as described above, for example, in conjunction with FIGs.
2and 5. The circuit/module for generating a repetition pattern 1324 may then output
the remulting repetition pattern (e.g., to the cirant/module for obtaming coded bits 1326,
the memory device 13038, or some other component).

161536] The circuit/modale for obtaining coded bits 1326 may inchude circuitry and/or
programoing {e.g., code for obtaining coded bits 1342 stored on the storage mediom
1304} adapted to perform several functions relating 1o, for example, obtaining coded
bits to be added to coded data. Tn some aspects, the circuit/module for obtaining coded
bits 1326 {c.g., a means for obtaming coded bits} may correspond to, for example, a

processing circuit.
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[0151] In some scenarios, the circnit/module for obtaining coded bits 1326 may obtain a
repetiion pattern {c.g., from the circait/module for generating a repetition pattern 1324,
the memory device, or some other componeni of the apparatus 1308).  The
circwit/module for obtating coded bits 1326 may then extract bits from the repetition
pattern {e.g., as discussed above mn conjunction with FIG. 5). In some aspects, the
number of coded bit to be obtained may be based on the difference between the code
block size and the power-of-two black size. The circuit/module for obtaining coded bits
1326 then outputs the coded bits {e.g.. to the circuit/module for generating coded block
data 1323, the memory device 1308, or some other component),

{0152} The circwt/imodule for generating coded block data 1328 may include circwitry
and/or programming {¢.g., code for generating coded block data 1344 stored on the
gtorage medivm §304) adapted to perform several functions relating to, for example,
generating coded mformation. In some aspects, the circuit/modale for generating coded
block data 1328 {c.g., a means for generating coded block data) may correspond to, for
example, a processing circuit.

{3183} In somc aspects, the circmit/module for generating coded block data 1328 may
add coded bits to block coded data. To this end, the circuit/module for generating coded
black data 1328 may obtain coded bits (c.g., from the circuit/module for obtaining
coded bits 1326, the memory device, or some other component of the apparatus 1300).
In addition, the crewt/modude for generating coded block daga 1328 may obtain block
coded data (¢ g., from the circuit/module for block encoding 1322, the memory device,
o1 some other component of the apparatus 1300). The circuit/module for generating
coded block data 1328 then combines the coded bits and the block coded data (e.g., as
discussed above 1 conjunction with FiG. 5. The circuit/module for gencrating coded
block data 1328 may then output the resulting block coded data (e.g , to comnunication
nterface 1302, the memory deviee 1308, or some other component).

j#154] The circutt/module for determiming a code block size 1330 may include circuitry
and/or programming {¢.g., code for determining a code block size 1346 stored on the
storage mediem 1304} adapted to perform several functions relating to, for example,
determining a code block size for received mformation.  In some aspects, the
circuit/module for determining a code block stze 1330 {c.g., a means for determining a
code block size) may correspond to, for cxample, a processing circuit.

[01535] In some scenarnios, the cirawt/module for determining a code block size 1330

may obtamn mformation {¢.g., configuration information) that indicates the block sizes
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supported by an cucoder (e, an encoding algorithm). In some scenarios, the
circwit/module for determiming a code block size 1330 may obtain wformation that
mdicates the resource size to be used to send the information {o.g., over a particular
tune-frequency resource)}. In some scenarios, the circuit/module for determining a code
block size 1330 may scloct the block size that best matches the resource size. The
circuit/module for determining a code block size 1330 may then cutput an mndication of
the code block size (o.g., to the circait/module for determining a power-of-two block
size 1332, the circurt/module for determuning a difference 1334, the memorv device
13038, or some other component}.

{0156} The circuit/module for deternuining a power-of-two block size 1332 may include
circuitry and/or programming {e.g.. code for determuning a power-of-two block size
1348 stored on the storage medium 1304} adapted to perform several functions relating
to, for example, deternuning a power-of-two block size that corresponds io a largest
power-cf-two integer that is less than the code block size. In some aspects, the
circmit/module for determining a power-of-two block size 1332 (eg., a means for
determuning a power-of-two block size) may correspond to, for example, a processing
cireuit.

{3157} In some scenarios, the circuit/module for determining a power-of-two block size
1332 may obtain code block size information {¢.g., from the circwit/module for
determining a code block size 1330, the memory device, or some other component of
the apparatus 1300). The ciremit/module for determining a power-of-two block size
1332 idendifies the particular power-of-two block size based on the code block size
.o, as discussed above in comunction with FIGs. 2 - 4). The circuit/module for
determining a power-of-two block size 1332 may then output an mdication of the
power-of-two block size (¢.g., to the circuit/module for determining a difference 1334,
the memory device 1308, or some other component).

10158] The circut/module for determmming a difference 1334 may mchude circuitry
and/or programming {e.g., code for determining a difference 1350 stored on the storage
mediam 1304) adapted o perfors several functions  relating  to, for cxample,
determining a difference between the code block size and the power-of-two block size.
In some aspects, the circuit/module for determining a difference 1334 (e.g., a means for
determining a difference) may correspond to, for example, a processing circuit,

[6139] The arcuit/module for determiming a difference 1334 obtains code block size

wformation (e.g., from the circwitVmodule for determining a code block size 1330, the
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memory device, or some other component of the apparatus 1300}, The circuit/module
for determuning a difference 1334 also obtains the power-of-<two block size {c.g., from
the circuit/module for determining the power-of-two block size 1332, the memory
device, or some other component of the apparatus 1300y, The circuit/module for
determining a difference 1334 subtracts one of these value from the other one of these
values. The circuit/module for determmning a difference 1334 may then outpot the result
of the subtraction {e g , to the curcuit/module for generating a repetition patiern 1324,

the memory device 1308, or some other component}.

Fourth Example Process

{0160] FIG. 14 illusteates a process 1400 for communication in accordance with some
aspects of the disclosure. The process 1400 may take place within a processing circuit
{c.g., the processing circuit 1310 of FIG. 13}, which may be located in an access
terminal, a base station, or some other suitable apparatus. Of course, in various aspects
within the scope of the disclosure, the process 1400 mav be mmplemented by any
suitablc apparatus capable of supporting signaling-related operations.

{0161} At block 1402, an apparatus (e.g., a device that include an encoder} receives
information to be encoded.

[#162] In some implementations, the circuit/module for receiving 1320 of FIG. 13
performs the operations of block 1402, In some implementations, the code for recetving
1336 of FIG. 13 is executed to perform the operations of block 1402

16163] At block 1404, the apparatus block encodes the recetved information to generate
first block coded data. In some aspects, the block encoding may mclude Polar coding.
18164} In some mplementations, the cireuit/module for block encoding 1322 of FIG. 13
performs the operations of block 1404, In some implementations, the code for block
encoding 1338 of FIG. 13 1s executed to perform the operations of block 1404

10165] At block 1406, the apparatus gencrates a repetition pattern. In some aspects, the
repetition patiern may consist of a quantity of bits corresponding to a code block size
firr the received wformation.

[0166] In some aspects, the generation of the repetition pattern may mclude: generating
a first repetition patiern; and generating a second repetition pattern based on a bit-
reversal permutation of the first ropetition pattern. In this case, the coded bits may be

obtained from locations indicated by the second repetition pattern.
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10167] In some aspects, the block encoding mav generate the first block coded data with
the power-of-two block size. Accordingly, the process 1400 may include deternuning a
code block size for the received information; and determining a power-of-two block size
by identifving a largest power-of-two mteger that is less than the code block size. In
addition, the repetition pattern may consist of a quantity of bits corresponding to the
code block size.

10168] In some aspects, the process 1400 may mchede determining a difference between
the code block size and the power-of-two block size. In this case, the generation of the
repetition patiemn may involve including, in the repetition pattern, a quantity of ones
equal to the difference between the code block size and the power-ofvtwo block size. In
some aspects, the generation of the repetition patiom may mvolve including a quantity
of ones equal to the difference 1o the end of the repetition pattern.

{#169] In some aspects, the first block coded data may have a power-of-two block size.
In some aspects, the process 1400 may mclude determining a difference between the
code biock size and the power-of-two block size. Here, the generation of the first
repefition patiern may mvolve icluding, in the repetition pattern, a quantity of ones
equal to the difference between the code block size and the power-of-two biock size.
[3178] In some unplementations, the circuit/module for generating a repetition pattern
1324 of FIG. 13 performs the operations of block 1406, In some implementations, the
code for generating a repetition pattern 1340 of FIG. 13 is executed to perform the
operations of block 1406

18171} At block 1408, the apparatus obtains coded bits based on the ropetition pattern.
In some aspects, the obtaning of the coded bits based on the repetition pattern may
mehude obtamming a quantity of coded bits based on the difference between the code
block size and the power-of-two block size. In some aspects. the obtaining of the coded
bits based on the repetition pattern may mclude: obtairng a quantity of coded bits equal
to the differgnce between the code block size and the power-of-two block size, where
the coded bits arc obtained from locations indicated by the repetition pattern.

19172} In some muplementations, the crcuwt/module for obtaiming coded bis 1326 of
FIG. 13 performs the operations of block 1408, In some implementations, the code for
obtaining coded bits 1342 of FIG. 13 is executed to perform the operations of block
1408,

[6173] At block 14190, the apparatus generates second block coded data by adding the

coded bits to the first block coded data. In some aspects, the addition of the coded bits
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to the first block coded data may mclude appending the coded bits to the end of the first
block coded data.

{6174} 1 In some implementations, the circuit/module for generating coded block data
1328 of FIG. 13 performs the operations of block 1410, In some implementations, the
code for gencrating coded block data 1344 of FIG. 13 15 cxecuted to perform the
operations of block 1410,

10175] n some aspects, the process 1400 may inclade any combination of two or more

of the above features.

Fifth Example Process

{8176] FIG. 15 illusteates a process 1300 for communication in accordance with some
aspects of the disclosure. The process 1500 may take place within a processing circuit
{c.g., the processing circuit 1310 of FIG. 13}, which may be located in an access
terminal, a base station, or some other suitable apparatus. Of course, in various aspects
within the scope of the disclosure, the process 1500 mav be mmplemented by any
suitablc apparatus capable of supporting signaling-related operations.

{8177} At block 1302, an apparatus (e.g., a device that include an encoder} receives
information to be encoded.

[9178] In some implementations, the circuit/module for receiving 1320 of FIG. 13
performs the operations of block 1502, In some implementations, the code for recetving
1336 of FIG. 13 is executed to perform the operations of block 1502

10179] At block 1304, the apparatus block encodes the received information according
to a power-of<two block size to generate first block coded data. In some aspects, the
block encoding may include Polar coding.

1018¢] In some nuplementations, the circuit/imodule for block encoding 1322 of FIG. 13
performs the operations of block 1504, In some mmplementations, the code for block
encoding 1338 of F1G. 13 15 executed to perform the operations of block 1504,

{0181] At block 1506, the apparatus generates a first ropetition pattern. In some
aspects, the process 1500 may nclude determimog a code block size for the received
information; determining the power-of-two block size by wentifyving a largest power-of-
two integer that is less than the code block size; and determining a difference between
the code block size and the power-of-two block size. Here, the gencration of the first
repetition pattern may involve including a quantity of ones equal to the difference 1o the

end of the first repetition pattern.
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[0182] In some implementations, the circuit/module for generating a repetition pattern
1324 of FIG. 13 performs the operations of block 1506, In some vuplementations, the
code for generating a repetition pattern 1340 of FIG. 13 is executed to perform the
operations of block 1506,

{0183] At block 1508, the apparatus generates a second repetition pattern based on a
bit-reversal permuutation of the first repetition pattern.

10184} In some implementations, the circut/module for generating a repetition pattern
1324 of FIG. 13 performs the operations of block 1508, In some implementations, the
code for gencrating a repetition pattern 1340 of FIG. 13 is executed to perform the
operations of block 1508,

{0185] At block 1510, the apparatus obtains coded bits based on the second repetition
pattern. In some aspects, the obtaining of the coded bits based on the second repetition
pattern may inciude: obtaining a quantity of coded bits equal to the difference between
the code block size and the power-of-two block size, where the coded bits are obtained
from locations indicated by the second repetition pattem.

{3186] In somc wmplementations, the circuit/module for obtaining coded bits 1326 of
FiG. 13 performs the operations of block 1510, In some implementations, the code for
obtaining coded bits 1342 of FIG. 13 1s exccuted to perform the operations of block
1530,

j187] At block 1512, the apparatus generates second block coded data by adding the
coded bits to the first block coded data. In some aspects, the addition of the coded biis
to the first block coded data may include appending the coded bits to the end of the first
block coded data.

{6188] I In somc mmplementations, the circoit/module for gencrating coded block data
1328 of FIG. 13 performs the operations of block 1512, In some implementations, the
code for generating coded block data 1344 of FIG. 13 is executed to perform the
operations of block 1512,

10189} In some aspects, the process 1500 may include any combination of two or more

uf the above {eatures.

Sixth Example Process

10198 FIG. 16 illusteates a process 1600 for communication in accordance with some
aspects of the disclosure. One or more aspects of the process 1600 may be used

conjunction with {e.g., in addition to or as part of} the process 1400 of FIG. 14 or the
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process 1500 of FIG. 15. The process 1600 may take place within a processing circuit
{c.g., the processing circwit 1310 of FIG. 13), which may be located in an access
terminal, a base station, or some other suitable apparatus. Of course, i various aspects
within the scope of the disclosure, the process 1600 may be mmplemented by any
suitable apparatus capable of supporting signaling-related operations.

6191} At block 1602, an apparatus {(e.g., a device that inclade an encoder) determines a
code block size for received mformation {c.g ., the information received at block 1402 of
FIG. 14 or block 1502 of FIG. 15}

18192} In some implementations, the circuit/module for determining a code block size
1330 of FIG. 13 performs the operations of block 1602, In some implementations, the
code for determining a code block size 1346 of FIG. 13 s executed to perform the
operations of block 1602,

j193] At block 1604, the apparatus determings a power-oftwo block size by
wdentifyving a largest power-of-two integer that is less than the code block size
determuned at block 1602,

10194} In some mmplementations, the circuit/module for determining a power-of-two
block stze 1332 of FK5. 13 performs the operations of block 1604, In some
implementations, the code for determining a power-of-two block size 1348 of FIG . 13 15
executed to perform the operations of block 1604,

[0195] At block 1606, the apparatus determines a difference between the code block
size determined at block 1602 and the powerof-two block size determined at block
1604,

[8196] In some implementations, the circuit/module for determining a difference 1334
of FIG. 13 performs the operations of block 1606, in some implementations, the code
for determining a difference 1356 of FIG. 13 is executed to perform the operations of
black 1606,

10197] At block 1608, the apparatus generates a repefition pattern by meluding a
quantity of ones equal to the difference of block 1606 1o the end of a first repetition
pattcmn {e.g., the first repetition pattern of block 1506 of FIG. 15}

[0198] In some mmplementations, the circwit/module for generating a repetition pattern
1324 of FIG. 13 performs the operations of block 1608, In some implementations, the
code for generatimg a repetition pattern 1340 of FIG. 13 1s exccuted to perform the

operations of block 16038,
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10199] In some aspects, the process 1600 may include anv combination of two or more

of the above features.

{9200] In one aspect, the discloswre provides an apparatus  configured for
commumnication that includes a memory and a processor coupled to the memory. The
processor and the memory are configured to: receive information to be encodad; Mock
encode the received mformation according to a power-of-two block size to genorate first
block coded data; generate a first repetition pattern; generate a second repetition pattern
based on a bit-reversal permutation of the first repetition patiern; obtain coded bits
based on the second repetifion pattern; and generate second block coded data by adding
the coded bits to the first block coded data,

j0201] Another aspect of the disclosure provides a method for communication
mcluding: receiving mformation to be euncoded, block encoding the received
mformation according to a power-of-two block size to generate first block coded data;
gencrating a first repetition pattern, generating a sceond repetiion pattermn based on a
bit-reversal permutation of the first repetition pattern; obtaining coded bits based on the
second repetition pattern; and generating second block coded data by adding the coded
bits to the first block coded data.

j0202] Another aspect of the disclosure provides an apparatus configured for
communication. The apparatus including: means for receiving information to be
encaded; means for block encoding the received mformation according o a power-of-
two block size to generate first block coded data; means for generating a first repetition
pattern; means for generating a sccond repefition pattern based on a bit-reversal
permutation of the first repetition patiern; means for obtaining coded bits based on the
second repetition patterny, and means for generating second block coded data by adding
the coded bits to the first block coded data.

{9203} Another aspect of the disclosure provides a non-transitory computer-readable
mediam storipg computer-executable code, ncluding code to: reccive mformation to be
encoded; block encode the received mformation according (o a power-of-two block size
to generate first block coded data; generate a first repetition patiern; generate a second
repetition pattem based on a bit-reversal permutation of the first repetition patiern;
obtain coded bits based on the second repetition pattern; and generate second block

coded data by adding the coded bits to the first block coded data.
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Additional Aspects

[0204] The cxamples set forth herein are provided to illustrate certain concepts of the
disclosure.  Those of crdinary skill in the art will comprehend that these are merely
iHustrative m natore, and other examples may fall within the scope of the disclosure and
the appended claims. Based on the teachings herein those skilled in the art should
appreciate that an aspect disclosed herein may be mmplemented independently of any
other aspects and that two or more of these aspects may be combined m various wavs.
For example, an apparatus may be implemented or a method may be practiced nsing any
number of the aspects set forth heren.  In addition, such an apparabes may be
implemented or such a method may be practiced using other siructure, functionality, or
structure and functionality n addition to or other than one or more of the aspects set
forth herein.

{0205] As those skilled in the art will readily appreciate, varicus aspects described
throughout this disclosure may be extended to any suitable telecommunication system,
network architecture, and communication standard. By way of cxample, various aspeets
may be applied to wide area networks, pecr-to-peer network, local area network, other
suitable systems, or any combination therenf, mehuding those described by yet-to-be
defined standards. Various aspects may be applied to 3GPP 5G systems and/or other
suttable systems, inchuding those described by vet-to-be defined wide area network
standards. Various aspects may alsc be applied fo systems using LTE {in FDD, TDD,
or both modes), LTE-Advanced (LTE-A) (n FDD, TDD, or both modes), Universal
Mobile Telecommunications  System  (UMTS), Global Svstem  for Mobile
Communications {GSM), Code Division Multiple Access (CDMA), CDMAZGO0,
Evolution-Data Optimized (EV-DO), Ultra Mobile Broadband (UMB), TEEE 80211
(Wi-Fi}, IEEE 802.16 (WiMAX), 1EEE 802 20, Ultra-Wideband {UWB), Bluetooth,
and/or other suitable systems. Various aspects may also be applied to UMTS systems
such as W-CDMA, TB-SCDMA, and TD-CDMA. The actual telecommunication
standard, petwork architecture, and/or comrmuntcation standard used will depend on the
specific application and the overall design constraints imposed on the system.

[0206] Many aspects are described in terms of sequences of actions to be performed by,
for cxample, clements of a computing device. It will be recognized that various actions
described herein can be performed by specific circuits, for example, central processing

units {(CPUs), graphic processing units (GPUs}), digital signal processors (DSPs),
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application specific integrated circuits (ASICs), ficld programmable gate arrays
{FPGAs), or various other types of general purpose or special purpose processors or
circuits, by program instructions being executed by one or more progessors, or by a
combination of both. Additionally, these sequence of actions described herein can be
considered to be embodicd entirely within any form of computer recadable sforage
mediam having stored therein a corresponding set of computer instructions that upon
exocution would cause an associated processor to perform the fimetionality described
herein. Thus. the various aspects of the disclosure may be cmbodied i a number of
different forms, all of which have been contemplated to be within the scope of the
claimed subject matter. In addition, for cach of the aspects described herein, the
corresponding form of any such aspects may be described hercin as, for example, “logic
configured to” perform the described action.

{3207] Those of skili in the art will appreciate that mformation and signals may be
represented using any of a variety of different technologies and techniques. For

example, data, wstructions, commands, information, sigoals, bits

=2

symbols, and chips
that may bc rcferenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thercof

[3208] Further, those of skill i the art will appreciate that the various illustrative
fogical blocks, modules, circuits, and algorithm steps described in connection with the
aspects disclosed hercin may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various iHustrative components, blocks, modules, circuits, and
stcps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the descertbed functionality in varyimg ways for cach particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the disclosure.

[0209] One or more of the components, steps, features and/or functions illustrated in
above may be rearranged and/or combined mite 3 single component, step, feature or
function or embodied i scveral components, steps, or functions. Additional clements,
compongnts, steps, and/or functions may also be added without departing from novel

features disclosed herein. The apparatus, devices, and/or componenis illustrated above
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may be configured to perform one or more of the methods, features, or steps described
herein. The novel algonthms described herein may also be efficiently vaplemented in
software and/or embedded in hardware.

[0210] It is 1o be understood that the specific order or hierarchy of steps 1n the methods
disclosed 1s an illustration of cxample processes. Based upon design prefercnces, it is
understood that the specific order or hierarchy of steps in the methods may be
rearranged. The accompanying method claims present clements of the various steps ina
sample order, and are not meant to be himited to the specific order or hicrarchy
presented unless specifically recited therein.

{0211} The methods, seguences or algorithms described m connection with the aspects
disclosed herein may be embodied directly m hardware, 1 a software module executed
bv a processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CI-ROM, or any other form of storage medium
known mn the art. An example of a storage medium is coupled to the processor such that
the processor can read wnformation from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor.

[0212] The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any aspect described heorein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other aspects. Likewise, the term “aspects”
does not require that all aspects include the discussed feature, advantage or mode of
operation,

[0213] The terminology used herein s for the purpose of describing particular aspects
only and 1s not intended to be limiting of the aspects. As used horein, the singular forms
“a,” “an” and “the” are intended 1o include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms “comprises,”
“comprising,” “mchides” or “mchiding,” when used herein, specify the presence of
stated features, integers, steps, operations, elements, or components, but do not preclude
the presence or addition of one or more other features, wicgers, steps, operations,
clements, components, or groups thereof, Moreover, 1t 1s understood that the word “or”
has the same meaning as the Boolean operator “OR)” that is, i encompasses the
possibilitics of “cither” and “both” and 15 not imited to “exclusive or” (“XOR™), unless

i

expressly stated otherwise. It is also understood that the symbol “/” between two

adjacent words has the same meaming as “or” unless expressly stated otherwise.
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Morcover, phrases such as “connected to,” “coupled 107 or “in commnwmication with” are
not limited to direct connechions unless oxpressly stated otherwise.

{8214} Any reference to an element herein using a designation such as “first,” “second.”
and so forth does not generally limit the quantity or order of those clements. Rather,
these designations may be used herem as a convement method of distinguishing
between two or more clements or instances of an element. Thus, a reference to first and
sccond elements does not mean that only two clements may be used there or that the
first clement must precede the second clement in some manner. Also, unless stated
otherwise a set of elements may comprise one or more clements. In addition,
terminology of the form “at Ieast one of a, b, or ¢” or “a, b, ¢, or any combination
thereof” used in the description or the claims means “a or b or ¢ or any combivation of
these elements.” For example, this terminology may include a, or b, or ¢, oraand b, or
aandc,oraand band ¢, or2a, or 2b, or 2¢, or Zaand b, and so on.

{0215] As used herein, the term “determining” encompasses a wide variety of actions.
For example, “determining” may include calenlating, computing, processing, deriving,
mvestigating, looking up {c.g., locking up n a table, a databasc or another data
structure), ascertaining, and the fike. Also, “determining” may include receiving {e.g.,
recelving information), accessing {¢.g., accessing data in a memory), and the like. Also,
“determining” may mchude resolving, selecting, choosing, establishing, and the like.
j#216] While the foregoing disclosure shows illustrative aspects, it should be noted that
varicus changes and modifications could be made hergin without departing from the
scope of the appended claims. The functions, steps or actions of the method claims in
accordance with aspects descnibed herein need not be performed in anv particalar order
uniess expressly stated otherwise. Furthermore, although clements may be described or
claimed in the singular, the plural is contemplated unloss limitation to the singular s

explicitly stated.
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CLAIMS:

1. A method of communication, comprising:

receiving information to be encoded at a first wireless communication device;

determining a code block size for the received information;

determining a power-of-two block size that corresponds to a largest power-of-
two integer that is less than the code block size;

subtracting the power-of-two block size from the code block size to generate a
difference value;

selecting a rate matching for encoding the received information, wherein the
selection is between repetition-based rate matching and puncture-based rate matching, and
wherein the selection is based on the difference value;

block encoding the received information using the selected rate matching; and

transmitting, from the first wireless communication device over a
communication channel to a second wireless communication device, a sequence based on the

block encoded received information.

2. The method of claim 1, further comprising:
calculating a fraction of the power-of-two block size; and comparing the
difference value with the fraction, wherein the selection of the rate matching is further based

on the comparison.

3. The method of claim 2, wherein the selection of the rate matching comprises:
selecting repetition-based rate matching if the comparison indicates that the
difference value is less than the fraction; or
selecting puncture-based rate matching if the comparison indicates that the

difference value is greater than or equal to the fraction.

4. The method of claim 1, wherein the selected rate matching is the puncture-

based rate matching and the block encoding comprises:
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generating block coded data based on double the power-of-two block size; and
puncturing bits of the generated block coded data.

5. The method of claim 4, wherein the puncturing of bits of the generated block
coded data comprises puncturing a quantity of bits equal to a difference between double the

power-of-two block size and the code block size.

6. The method of claim 1, wherein the block encoding comprises Polar coding.

7. A first wireless communication device, comprising:

a memory; and

a processor coupled to the memory,

the processor and the memory configured to:

receive information to be encoded;

determine a code block size for the received information;

determine a power-of-two block size that corresponds to a largest power-of-
two integer that is less than the code block size;

subtract the power-of-two block size from the code block size to generate a
difference value;

select a rate matching for encoding the received information, wherein the
selection is between repetition-based rate matching and puncture-based rate matching, and
wherein the selection is based on the difference value;

block encode the received information using the selected rate matching; and

transmit, from the first wireless communication device over a communication
channel to a second wireless communication device, a signal-sequence based on the block

encoded received information.
8. The device of claim 7, wherein the processor and the memory are further

configured to:

calculate a fraction of the power-of-two block size; and

Date Regue/Date Received 2022-03-07



84983849
44

compare the difference value with the fraction,

wherein the selection of the rate matching is further based on the comparison.

9. The device of claim 8, wherein the selection of the rate matching comprises:
selection of repetition-based rate matching if the comparison indicates that the
difference value is less than the fraction; or
selection of puncture-based rate matching if the comparison indicates that the

difference value is greater than or equal to the fraction.

10. The device of claim 7, wherein the selected rate matching is the puncture-based
rate matching and the block encoding comprises:

generation of block coded data based on double the power-of-two block size;
and

puncture of bits of the generated block coded data.

11. The device of claim 10, wherein the puncture of bits of the generated block
coded data comprises puncture of a quantity of bits equal to a difference between double the

power-of-two block size and the code block size.

12. The device of claim 7, wherein the block encoding comprises Polar coding.

13. A first wireless communication device, comprising:

means for receiving information to be encoded,;

means for determining a code block size for the received information;

means for determining a power-of-two block size that corresponds to a largest
power-of-two integer that is less than the code block size;

means for subtracting the power-of-two block size from the code block size to

generate a difference value;
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means for selecting a rate matching for encoding the received information,
wherein the selection is between repetition-based rate matching and puncture-based rate
matching, and wherein the selection is based on the difference value;

means for block encoding the received information using the selected rate
matching; and

means for transmitting, from the first wireless communication device over a
communication channel to a second wireless communication device, a sequence based on the

block encoded received information.

14. The device of claim 13, further comprising:
means for calculating a fraction of the power-of-two block size; and
means for comparing the difference value with the fraction, wherein the

selection of the rate matching is further based on the comparison.

15. The device of claim 14, wherein the selection of the rate matching comprises:
selection of repetition-based rate matching if the comparison indicates that the
difference value is less than the fraction; or
selection of puncture-based rate matching if the comparison indicates that the

difference value is greater than or equal to the fraction.

16. The device of claim 13, wherein the selected rate matching is the puncture-
based rate matching and the block encoding comprises:

generation of block coded data based on double the power-of-two block size;
and

puncture of bits of the generated block coded data.
17. The device of claim 16, wherein a quantity of bits equal to a difference

between double the power-of-two block size and the code block size is punctured in the
generated block coded data.
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18. The device of claim 13, wherein the block encoding comprises Polar coding.
19. A non-transitory computer-readable medium storing computer-executable

code, including code to:

receive information to be encoded at a first wireless communication device;

determine a code block size for the received information;

determine a power-of-two block size that corresponds to a largest power-of-
two integer that is less than the code block size;

subtract the power-of-two block size from the code block size to generate a
difference value;

select a rate matching for encoding the received information, wherein the
selection is between repetition-based rate matching and puncture-based rate matching, and
wherein the selection is based on the difference value;

block encode the received information using the selected rate matching; and

transmit, from the first wireless communication device over a communication
channel to a second wireless communication device, a sequence based on the block encoded

received information.

20. A method of communication, comprising:

receiving information to be encoded at a first wireless communication device;

determining a code block size for the received information;

determining a power-of-two block size by identifying a largest power-of-two
integer that is less than the code block size,

subtracting the power-of-two block size from the code block size to generate a
difference value;

selecting repetition-based rate matching based on the difference value;

block encoding the received information to generate first block coded data
according to the power-of-two block size;

generating a repetition pattern;

obtaining coded bits based on the repetition pattern;
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generating second block coded data by adding the coded bits to the first block
coded data; and
transmitting, from the first wireless communication device over a

communication channel to a second wireless communication device, a sequence based on the

second block coded data.
21. The method of claim 20, wherein the generation of the repetition pattern
comprises:

generating a first repetition pattern; and
generating a second repetition pattern based on a bit-reversal permutation of

the first repetition pattern.

22. The method of claim 21, wherein the coded bits are obtained from locations

indicated by the second repetition pattern.

23. The method of claim 20, wherein the repetition pattern consists of a quantity of

bits corresponding to the code block size.

24, The method of claim 20, further comprising:

determining a difference between the code block size and the power-of-two
block size,

wherein the generation of the repetition pattern comprises including, in the
repetition pattern, a quantity of ones equal to the difference between the code block size and

the power-of-two block size.

25. The method of claim 24, wherein the obtaining of the coded bits based on the
repetition pattern comprises:
obtaining a quantity of coded bits based on the difference between the code

block size and the power-of-two block size.
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26. The method of claim 20, wherein the block encoding comprises Polar coding.
27. A first wireless communication device, comprising:

a memory; and

a processor coupled to the memory, the processor and the memory configured
to: receive information to be encoded;

determine a code block size for the received information;

determine a power-of-two block size by identifying a largest power-of-two
integer that is less than the code block size;

subtract the power-of-two block size from the code block size to generate a
difference value;

select repetition-based rate matching based on the difference value;

block encode the received information to generate first block coded data
according to the power-of-two block size;

generate a repetition pattem;

obtain coded bits based on the repetition pattern;

generate second block coded data by adding the coded bits to the first block
coded data; and

transmit, from the first wireless communication device over a communication
channel to a second wireless communication device, a sequence based on the second block

coded data.

28. The device of claim 27, wherein the generation of the repetition pattern
comprises:

generation of a first repetition pattern; and

generation of a second repetition pattern based on a bit-reversal permutation of

the first repetition pattern.

29. The device of claim 28, wherein the coded bits are obtained from locations

indicated by the second repetition pattern.
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30. The device of claim 27, wherein the repetition pattern consists of a quantity of
bits corresponding to the code block size.
31. The device of claim 27, wherein:

the processor and the memory are further configured to determine a difference
between the code block size and the power-of-two block size; and

the generation of the repetition pattern comprises including, in the repetition
pattern, a quantity of ones equal to the difference between the code block size and the power-

of-two block size.

32. The device of claim 31, wherein, to obtain the coded bits based on the
repetition pattern, the processor and the memory are further configured to:
obtain a quantity of coded bits based on the difference between the code block

size and the power-of-two block size.

33. The device of claim 27, wherein the block encoding comprises Polar coding.

34. A first wireless communication device, comprising:

means for receiving information to be encoded;

means for determining a code block size for the received information;

means for determining a power-of-two block size by identifying a largest
power-of-two integer that is less than the code block size;

means for subtracting the power-of-two block size from the code block size to
generate a difference value;

means for selecting repetition-based rate matching based on the difference
value;

means for block encoding the received information to generate first block
coded data according to the power-of-two block size;

means for generating a repetition pattern;
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means for obtaining coded bits based on the repetition pattern;

means for generating second block coded data by adding the coded bits to the
first block coded data; and

means for transmitting, from the first wireless communication device over a

communication channel to a second wireless communication device, a sequence based on the

second block coded data.
35. The device of claim 34, wherein the generation of the repetition pattern
comprises:

generation of a first repetition pattern; and
generation of a second repetition pattern based on a bit-reversal permutation of

the first repetition pattern.

36. The device of claim 35, wherein the coded bits are obtained from locations

indicated by the second repetition pattern.

37. The device of claim 34, wherein the repetition pattern consists of a quantity of

bits corresponding to the code block size.

38. The device of claim 34, further comprising:

means for determining a difference between the code block size and the power-
of-two block size,

wherein the generation of the repetition pattern comprises including, in the
repetition pattern, a quantity of ones equal to the difference between the code block size and

the power-of-two block size.

39. The device of claim 38, wherein, to obtain the coded bits based on the
repetition pattern, the means for obtaining is configured to:
obtain a quantity of coded bits based on the difference between the code block

size and the power-of-two block size.
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40. The device of claim 34, wherein the block encoding comprises Polar coding.
41. A non-transitory computer-readable medium storing computer-executable

code, including code to:

receive information to be encoded at a first wireless communication device;

determine a code block size for the received information;

determine a power-of-two block size by identifying a largest power-of-two
integer that is less than the code block size;

subtract the power-of-two block size from the code block size to generate a
difference value;

select repetition-based rate matching based on the difference value;

block encode the received information to generate first block coded data
according to the power-of-two block size;

generate a repetition pattem;

obtain coded bits based on the repetition pattern;

generate second block coded data by adding the coded bits to the first block
coded data; and

transmit, from the first wireless communication device over a communication
channel to a second wireless communication device, a sequence based on the second block

coded data.
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