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POLAR CODED HARQ-IR SCHEME

BACKGROUND
{00811 The present disclosure relates 1o wireless communications, and more particularly, to
polar encoding masked messages.
(00821 Wireless communication networks are widely deployed to provide vartous
communication services such as voice, video, packet data, messaging, broadcast, etc. These
wireless networks may be multiple-access networks capable of supporting multiple users by
sharing the available network resources. Examples of such muldtiple-access networks include
Code Division Mudtiple Access (CDMA) networks, Time Division Multiple Access (TDMA)
networks, Frequency Division Multiple Access (FDMA)Y networks, Orthogonal FDMA
{OFDMA) networks, and Single-Carrier FDMA (SC-FDMA) networks.
{60831 These multiple access technologies have been adopted in various telecommumication
standards to provide a common protocol that enables different wireless devices fo conumunicate
on a nunicipal, national, regional, and even global level. For example, 5G NR (new radio}
communications {echnology is envisaged 1o expand and support diverse usage scenartos and
applications with respect to current mobile network geperations. In an aspect, 3G
communications technology includes enhanced mobile broadband addressing human-centric
use cases for access to multimedia content, services and data; ultra-reliable-fow latency
communications (URLLC) with requirements, especially in terms of latency and reliability;
and massive machine type communications for a very large number of connected devices, and
typically transmitiing a relatively low volume of non-delay-sensitive information. However,
as the demand for mobile broadband access coniinues 10 increase, there exasts a need for further
improvements in 3G communications technology and beyond. Preferably, these iraproverents
should be applicable to other multi-access technologies and the telecommumication standards
that employ these technologies.
[0604] In 5G coromunications, data sent by a transmutting device may not be accurately
received by the receiving device. While the transmitting device may resend the entire data
repeatedly until proper reception, this wastes network resources. Further, excessive
retransmission may lower the overall data transmission rate of the network, which causes user
equipment (UE} within the network to suffer performance degradation.  Therefore,

improvements in the transmission reliability mav be desired.
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SUMMARY

[0605] The following presents a simplified summary of one or more aspects in order to provide
a basic understanding of such aspects. This summary is not an extensive overview of all
contemplated aspects, and is intended to neither identify key or critical elements of all aspects
nor delineate the scope of any or all aspects. Its sole purpose is 1o present some concepts of
one or more aspects i a simplified form as a prelude to the more detailed description that is
presented later,

[0086] In some aspects, a method, apparatus, and computer-readable medium for transmitting
coded messages (o a receiving device include constracting a dala vector including a plurality
of data bits, transforming the data vector info a u-domain vector, applying a mask to the u-
domain vector, encoding the masked u-domain vector with polar encoding to generate a

transmission vector, and transmitting

o0

{o the receiving device, the transmission vector.

{60871 In other aspects, a method, apparatus, and computer-readable medium for transmitling
coded messages to a receiving device include generating a first data vector having a plurality
of data bits, generating a first u-domain vector by transforming the first data vector, wherein
the first u-domain vector includes first active bits and first non-active bits, encoding the first u-
domain vector with a polar encoder to generate a first transmission vector having a first
plurality of bits and a second plurality of bits, transmitting the first plurality of bits, receiving
an indication of a failed decoding of the first plurality of bits, in response o the indication of
the failed decoding: generating a second data vector having a portion of the plurality of data
bits, generating a mask based on the first data vector, generating a second u-domain vector by
transforming the second data vector, wherein the second u-domain vector includes second
active bits and second non-active bits, applving a mask 1o the second u-domain vector {o
generate an intermediate vector, encoding the intermediate vector with the polar encoder to
generate a second transmission vector having a third plurality of bits and a fourth plurality of
bits, and transmitting the third plurality of bits.

[0608] To the accomplishment of the foregoing and related ends, the one or more aspects
comprise the features hereinafter fully described and particularly pointed out in the claims. The
following description and the annexed drawings set forth in detail certain Hustrative features
of the one or more aspects. These features are indicative, however, of but a few of the various
ways in which the principles of various aspects may be emploved, and this description is

intended to inchude all such aspects and their equivalents.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0689] The disclosad aspects will hereinafier be described in conjunction with the appended
drawings, provided to illustrate and not to lumit the disclosed aspects, wherein like designations
denote like elements, and in which:
{0816} FIG. 1 is a schematic diagram of an example of a wireless communication network
mcluding at least one user equipment;
(06111 FIG. 2 is an example of rate-matching under repetition mode or puncture mode 1n
HARQ;
{0812} FIG. 3 15 an example of rate-maiching under shorten mode in hybnd automatic repeat
request (hybrnd ARQ or HARQ);
{08131 FIG. 4 is an example of a block diagram of polar encoding of masked u-domain vectors;
{8814] FIG. 5 is examples of block diagrams of polar decoding of transmission vectors;
{88151 FIG. 6 15 another example of a block diagram of polar encoding of masked u-domain
veciors in a transmitling device,
{06161 FIG. 7 illustrates examples of masked encoders used in polar encoding of masked u-
domain vectors.
{0617} FIG. 8 is an example of a matrix for generating masks for the u-domain veciors;
{00187 FIG. 9 is an example of a block diagram for active bit relocation for polar encoding
with two transmisstons;
(00191 FIGS. 10-21 ilustrate examples of active bit relocation for polar encoding with two
fransmissions using two modes;
{06261 FIG. 22 is an example of a block diagram of the decoding process;
{9621} FIG. 23 a flow chart of a method for masking u-domain vectors for polar encoding;
{00221 FIG. 24 15 a tlow chart of an example of a method of retransmitting coded messages;
{88231 FIG. 25 is a flow chart of a method 2500 of decoding coded messages;
{66241 FIG. 26 15 a schematic diagram of an example of a user equipment as described hereing
(00251 FIG. 27 1s a schematic diagram of an example of a base station (BS) as described herein;
[0626] FIG. 28 15 an example of a block diagram of polar encoding;
{06271 FIG. 29 is another example of a block diagram for active bit relocation for polar
encoding with two fransmissions.
{00281 FIG. 30 1s vet another example of a block diagram for active bit relocation for polar
encoding with two {ransmissions.
[0629] FIG. 31 shows graphs that iltustrate examples of performance measurements of various

transmission schemes.
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[0630] FIG. 32 shows graphs that illustrate examples of performance measurements of various
transmission schemes.
[0631] FIG. 33 shows graphs that illustrate examples of performance measurements of various

transmission schemes.

DETAILED DESCRIPTION

[0632] Various aspects are now described with reference to the drawings. In the following
description, for purposes of explanation, numerous specific details are set forth in order to
provide a thorough understanding of one or more aspects. It may be evident, however, that
such aspect(s) may be practiced without these specific details. Additionally, the term
“component” as used herein may be one of the parts that make up a system, may be hardware,
firmware, and/or software stored on a computer-readable medium, and may be divided nto
other components.

[0633] The following description provides examples, and is not limiting of the scope,
applicability, or examples set forth in the claims. Changes may be made in the function and
arrangement of elements discussed without departing from the scope of the disclosure. Various
exarnples may onut, substitute, or add various procedures or components as appropriate. For
instance, the methods described may be performed in an order different from that described,
and vartous steps may be added, omitted, or combined. Also, {eatures described with respect
to some examples may be combined in other exarples.

[0634] It should be noted that the techniques described herein may be used for various wireless
communication networks such as CEMA, TDMA, FDMA, OFBMA, SC-FDMA, and other
systems. The terms “svstem” and “network” are ofien used interchangeably. A CDMA system
may implement a radio technology such as CDMAZ2000, Universal Terrestrial Radio Access
(UTRA), etc. CDMAZ2000 covers I8-2000, 18-95, and IS-856 standards. 15-2000 Releases 0
and A are commonly referred to as CDMAZ000 1X, 1X, etc. 18-856 (TTA-856) 1s commonly
referred to as CDMA2000 1xEV-DO, High Rate Packet Data (HRPD), etc. UTRA mcludes
Wideband CDMA (WCDMA) and other variants of CDMA. A TDMA system may implement
a radio technology such as Giobal System for Mobile Communications (GSM). An OFDMA
system may implersent a radio technology such as Ultra Mobile Broadband (UMB), Evolved
UTRA (E-UTRA), IEEE 902.11 (Wi-Fi), IEEE 902.16 (WiMAX), 1EEE 902.20, Flash-
OFDM™ etc. UTRA and E-UTRA are part of Universal Mobile Telecommumication System
(UMTS). 3GPP Long Term Evolution (LTE) and LTE-Advanced (LTE-A} are new releases
of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A, and GSM are described
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in documents from an organization named “3rd Generation Partnership Project” (3GPP).
CDMAZ2000 and UMB are described in documents from an organization named “3rd
Generation Partnership Project 27 (3GPP2). The techniques described herein may be used for
the systems and radio technologies mentioned above as well as other systems and radio
technologies, including cellular {e.g, LTE} communications over a shared radio frequency
spectrum band. The description below, however, describes an LTE/LTE-A and/or 5G New
Radio (NR) system for purposes of example, and LTE or 5G NR ternunology 1s used mn much
of the description below, although the techniques are applicable bevond LTE/LTE-A and 535G
NR applications, e.g., to other next generation communication systems).

[8035] In some implementations, a transnuthing device of data may use polar code fo encode
the data information prior to transmission. Polar code may select the most reliable transmission
location after channel polarization transform and carry data bits on the most reliable
transmission location. After rate-matching, polar code may work under the puncture mode, the
shorten mode, and the repetition mode. Polar code, in some examples, may be used for hybrnd
automatic repeat requesi chase combining {HARQ-CC) or HARQ imcremental redundancy
{(HARQ-IR}. During HARQ-CC, the transmitting device transmits the same codeword at each
re-transmission, with no coding gain at the retransmissions. During HARQ-IR, the transmoithing
device incrementally transmits parts of a long codeword at each retransmission, and may obtain
additional coding gain after every retransmission. HARQ-CC may be easier to implement,
while HARQ-IR may be more complex to decode and require a buffer at the receiving device.
[0836] In certain aspects, a mask may be applied to a data vector to relocate data bits for
subsequent retransimissions in a communication system that utilizes the HARGQ-IR scheme for
redundancy. After the intial transmission, the commurnication system may receive a feedback
message indicating the quality of transmussion. The conmununication system may relocate data
bits toward more reliable channels for subsequent resources by applving a mask prior o the
polar encoding. The masking process may place certain data bits (i.e. ones that failed to be
decoded by the receiving device) in more rehable communication channels for retransmission.
(06371 Referring to FIG. 1, in accordance with various aspects of the present disclosure, the
wireless communication network 100 may include one or more base stations (BSs) 105, one or
more UEs 110, and a core network 115. The BS 105 may include a number of components {o
implement features of the present disclosure. For example, a data component 170 within a
modem 160 of the BS 105 may generate data vectors from data bits used in commumicating
with the UEs 110. The data vectors may contain textual, audio, and/or video information sent

by the BS 105 to the UEs 110. A masking component 172 may mask the data vectors to relocate
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portions of the data bits within the data vectors from one resource location to another. An
encoding component 174 may apply polar encoding to the data vectors to transform the data
vectors into codewords for fransmission, and decode polar encoded codewords back to data
vectors. A communication component 176 of the BS 105 may send and receive codewords
to/from UEs 110, A decoding component 178 may decode polar-coded messages received by
the BS 105,

(06381 Similarly, the UE 110 may include a nuraber of componeuts to implement features of
the present disclosure. For example, a data component 150 within a modem 140 of the UE 110
may generate data vectors from data bits used in communicating with the BS 105, A masking
component 152 may mask the data vectors to relocate portions of the data bits within the data
vectors from one resource location to another. An encoding component 154 may apply polar
encoding to the data vectors to transform the data vectors into codewords for transmission, and
decode polar encoded codewords back to data vectors. A communication component 156 of
the UE 110 moay send and receive codewords to/from the BS 105, A decoding component 158
may decode polar-coded messages received by the UE 110,

[0838] The modem 160 of base station 105 may be configured to communicate with other base
stations 105 and UEs 110 via a cellular network or other wireless and wired networks. The
modem 140 of UE 110 may be configured to communicate via a cellular network, a Wi-Fi
network, or other wireless and wired networks. The modems 140, 160 may receive and
transmit data packets, via transceivers,

[0040] The core network 115 may provide user authentication, access authorization, tracking,
internet protocol (IP) connectivity, and other access, routing, or mobility functions. The base
stations 105 mayv interface with the core network 113 through backhaul hinks 120 (e.g, S1,
eic.}. The base stations 105 mav perform radio configuration and scheduling for
communication with the UEs 110, or may operate under the control of a base station controller
{not shown}. In various examples, the base stations 105 may commumicate, either directly or
imdirectly (e g.. through core network 115}, with one another over backhaul links 125 (e.g, X1,
etc.}, which may be wired or wireless communication links.

{0641} The base stations 105 may wirelessly communicate with the UEs 110 via one or more
base station antennas. Each of the base stations 105 may provide communication coverage for
a respective geographic coverage area 130. In some examples, the base stations 105 may be
referred 0 as a base transceiver station, a radio base siation, an access point, an access node, a
radio transceiver, a NodeB, eNodeB (eNB), gNB, Home NodeB, a Home eNodeB, a relay, or

some other suitable terminology. The geographic coverage area 130 for a base station 105 may
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be divided into sectors or cells making up onlv a portion of the coverage area (not shown}. The
wireless communication network 100 may include base stations 105 of different types (e.g.,
macro base stations or small cell base stations, described below). Additionally, the plurality of
base stations 105 may operate according to different ones of a plurality of communication
technologies {e.g., 5G (New Radio or “NR™), fourth generation (4GYLTE, 3G, Wi-Fi,
Bluetooth, etc.), and thus there may be overlapping geographic coverage areas 130 for different
communication technologies.

(00421 In some examples, the wireless communication network 100 may be or include one or
any combination of cornmumcation technologies, including a NR or 3G technology, a Long
Term Evolution (LTE) or LTE-Advanced (LTE-A) or MulTEfire technology, a Wi-Fi
technology, a Bluetooth technology, or any other long or short range wireless comnmmnication
technology. In LTE/LTE-A/MulTEfire networks, the term evolved node B (eNB) may be
generally used to describe the base stations 103, while the term UE may be generally used to
describe the UEs 110, The wireless commurmcation network 100 may be a heterogeneous
technology network in which different tvpes of eNBs provide coverage for various
geographical regions. For example, each eNB or base station 105 may provide communication
coverage for a macro cell, a small cell, or other types of cell. The term “cell” is a 3GPP term
that can be used to describe a base station, a carrier or component carrier associated with a base
station, or a coverage area {e.g., sector, etc.) of a carrier or base station, depending on coniext.
(00431 A macro cell may generally cover a relatively large geographic area (e.g., several
kilometers in radius) and may allow unrestricted access by UEs 110 with service subscriptions
with the network provider.

[0844] A small cell may include a relative lower transmit-powered base station, as compared
with a macro cell, that may operate in the same or different frequency bands (e.g., licensed,
unlicensed, etc.) as macro cells. Small cells mav include pico celis, femio cells, and micro
cells according to various examples. A pico cell, for example, may cover a small geographic
area and ray allow unrestricted access by UEs 110 with service subscriptions with the network
provider. A femto cell may also cover a small geographic area (e.g, a home) and may provide
restricted access and/or unrestricted access by UEs 110 having an association with the femto
cell (e.g., in the restricted access case, UEs 110 1n a closed subscriber group (CSG) of the base
station 105, which may include UEs 110 for users in the home, and the like). An eNB fora
macro cell may be referred to as a macro eNB. An eNB for a small cell mayv be referred to as
a small cell eNB, a pico eNB, a femto eNB, or a home eNB. An eNB may support one or

multiple {e.g., two, three, four, and the like) cells (e g., component carriers).
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[0045] The commnwunication networks that may accommodate some of the various disclosed
examples may be packet-based networks that operate according to a lavered protocol stack and
data in the user plane may be based on the IP. A wuser plane protocol stack (e.g., packet data
convergence protocol (PDCP), radio link control (RLCY, MAC, etc), may perform packet
segmentation and reassembly to communicate over logical channels. For example, a MAC
laver may perform priority handling and multiplexing of logical channels into transport
channels. The MAC layer may also use HARQ to provide retransraission at the MAC layer to
improve link efficiency. In the control plane, the RR{ protocol layer may provide
establishment, configuration, and maintenance of an RRC connection between a UE 110 and
the base stations 105, The RRC protocol layer may also be used for core network 1135 support
of radio bearers for the user plane data. At the physical (PHY) layer, the transport channels
may be mapped to physical channels.

{68461 The UEs 110 may be dispersed throughowt the wireless commumication network 100,
and each UE 110 moay be stationary or mobile. A UE 110 may also include or be referred fo
by those skilled in the art as a mobile station, a subscriber station, a mobile unit, a subscriber
unit, a wireless unit, a remote upnit, a mobile device, a wireless device, a wireless
communications device, a remote device, a mobile subscriber station, an access termunal, a
maobile terminal, a wireless terminal, a remote terminal. a handset, a user agent, a mobile client,
a client, or some other suitable terminology. A UE 110 may be a cellular phone, a smart phone,
a personal digital assistant (PDA), a wireless modem, a wireless conununication device, a
handheld device, a tablet compuer, a laptop computer, a cordiess phone, a smart watch, a
wireless focal loop (WLL) station, an entertainment device, a vehicular component, a cusiomer
premises equipment (CPE), or any device capable of commumcating in wireless
communication network 100, Additionally, a UE 110 may be Internet of Things (IoT) and/or
machine-to-machine (M2M) iype of device, e.g., a low power, iow data rate {relative 1o a
wireless phone, for example) type of device, that may in some aspecis comumumicaie
imfrequently with wireless coromunication network 100 or other UEs. A UE 110 may be able
to communicate with various types of base stations 105 and network equipment including
macro eNBs, small cell eNBs, macro gNBs, small cell giNBs, relay base stations, and the like,
{06471 A UE 110 may be configured to establish one or more wireless commumication links
135 with one or more base stations 105, The wireless communication links 135 shown in
wireless commumication network 100 may carry uplink (UL) transmissions from a UE 110 to
a base station 1035, or downlink (DL} transmissions, {rom a base station 105 to a UE 110. The

downlink transmoissions may also be called forward link transmissions while the uplink

o
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transmissions may also be called reverse link transmissions. Each wireless communication
link 135 may include one or more carriers, where each carrier may be a signal made up of
multiple sub-carriers (e g., waveform signals of different frequencies) modulated according to
the various radio technologies described above. Each modulated signal may be sent on a
different sub-carrier and may carry control information {(e.g., reference signals, control
charnels, etc.}, overhead information, user data, etc. In an aspect, the wireless communication
links 135 may transmit bidirectional communications using {requency division duplex (FDD)
(e.z., using paired spectrum resources) or time division duplex (TDD) operation (e.g.. using
unpaired spectrum resources). Frame structures may be defined for FDD (e.g., frame structure
tvpe 1) and TDD (e g. fraroe structure type 2). Moreover, in some aspects, the wireless
communication links 135 may represent one or more broadcast channels,

[0048] In some aspects of the wireless communication network 100, base stations 105 or UEs
110 may include multiple antennas for emploving antenna diversity schemes to improve
communication quality and reliability between base stations 105 and UEs 110, Additionally
or alternatively, base stations 105 or UEs 110 may employ multiple input multiple output
{(MIMOQ) techniques that may take advantage of mulii-path environments {0 transmit multiple
spatial lavers carrving the same or different coded data.

[0849] Wireless comumunication network 100 may support operation on multiple cells or
carriers, a feature which may be referred 1o as carrer aggregalion (CA) or multi-carrier
operation. A carner may also be referred to as a component camrier {CC), a laver, a channel,

33

etc. The terms “carrier,” “component carrier,” “cell” and “channel” may be used
interchangeably herein. A UE 110 may be configured with multiple downlink CCs and one or
more aplink CCs for carrier aggregation. Carrier aggregation may be used with both FDD and
TDD component carners. The base stations 105 and UEs 110 may use spectrum up to Y MHz
{eg.,Y =510, 15, or 20 MHz} bandwidth per carrier allocated in a carrier aggregation of up
1o a total of Yx MHz (x = number of component carriers) used for {ransmission in each
direction. The carriers moay or may not be adjacent to each other. Allocation of carriers may
be asymmetric with respect to DL and UL (e.g., more or less carriers may be allocated for DL
than for UL). The component carriers may nclude a primary component carrier and one or
more secondary component casriers. A primary component carrier may be referred to as a
primary cell (PCell) and a secondary component carrier may be referred to as a secondary cell
{SCell).

{60561 The wireless communications network 100 may further include base stations 105

operating according to Wi-Fi technology, e.g., Wi-F1 access points, in cornmunication with
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UEs 110 operating according to Wi-Fi technology. eg. Wi-Fi stations (8TAs) via
communication links in an unlicensed frequency spectrum (eg, § GHz)  When
communicating in an unlicensed frequency spectrum, the STAs and AP may perform a clear
channel assessment (CCA) or listen before talk (LBT) procedure prior to commmunicating in
order to determine whether the channel is available.

[0651] Additionally, one or more of base stations 105 and/or UEs 110 may operate according
to a NR or 3G technology referred to as nullimeter wave technology. For example, omW
technology includes transmissions in mmW frequencies and/or near mmW frequencies.
Extremely high frequency (EHF) 15 part of the radio frequency (RF) in the electromagnetic
spectrum. EHF has a range of 30 GHz to 300 GHz and a wavelength between 1 millimoeter and
10 millimeters. Radio waves in this band may be referred to as a millimeter wave. Near mmW
may extend down to a frequency of 3 GHz with a wavelength of 100 millimeters. For example,
the super high frequency {SHF)} band extends between 3 GHz and 30 GHz, and may also be
referred to as centimeter wave. Commumications using the mmW and/or near mmW radio
frequency band has extremely high path loss and a short range.  As such, base stations 105
and/or UEs 110 operating according to the mmW technology may uttlize beamforming in their
transnmussions to compensate for the extremely high path loss and short range.

{08521 Active bit relocation using u-domain mask {(ARUM)} allows each transmission to have
an independent encoding and rate~-matching scheme. ARUM works with various rate-matching
schemes and may obtain additional coding gains. The transmissions may be self-decodable.
The process of masking the u-domain vectors may adhere to channel polarization transform
rules and obtain desirable coding gains of polar code. In some implementations, the loss may
be less than 0.2 decibel compared with theoretical transmission Bt

[0653] Referring to FIG. 2, which shows an exarmple 200 of rate-matching under repetition
mode or punciure mode in HARQ. When {ransmitting using the repetition mode, a data vector
210 may include active bits and non-active bits (i.e. frozen bits). A mainx 212 may transform
the data vector 210 into a transnussion vector 214, Some of the bits in the transmussion vector
214 may be sent via the comnunication links 135, while other bits in the transmission vector
214 may be transmifted more than once. A receiving decoder may add the corresponding log-
likelihood ratios (LLRs) of the copies of the same bits during decoding. When transmitting
using the puncture mode, some of the bits in the transmission vector 214 mav be sent via the
communication links 135, while other bits in the transmission vector 214 may not be

transmitted. A receiving decoder may set the LLRs of the bits not transmitted to zero.

10



WO 2019/153232 PCT/CN2018/075950

[0654] Referring to FIG. 3, which shows an example 300 of rate-matching under shorten mode
in HAR(. When transmitting using the puncture mode, a data vector 310 may include active
bits and non-~active bits, such as frozen bits and shorten bits 312, A matrix 320 may transform
the data vector 310 into an transmission vector 330. Some of the bits in the transmission vector
330 may be sent via the communication links 135, while other bits in the transmission vector
330 may be zero-valued and unnecessary fo transmit. A receiving decoder may set the

corresponding LLRs to positive infinity because of the known zero bits. The LLR of a bit may

be calculated using the formula
[0655] FIG. 4 shows an example of a block diagram 400 of polar encoding of masked u~domain
vectors, or an intermediate vector. A data vector 402 may include a number of data bits. By
transforming the data vector 402 with a mapping matrix 404, the data vector 402 1s transformed
to a u-domain vector 406. The u-domain vector 406 may be N-bit vector that results from
ratematching the data vector 402. The u-domain vector 406 may inchude more bits than the
data vector 402, A bit-wise addition 410 may be performed on the u-domain vector 406 and a
masking vector 408 to create an intermediate vector 412. The bit-wise addition 410 may be a
masking process that relocates one or more bits in the u-domain vector 406 from one resource
location to another. For example, the masking process may relocate the one or more bits in the
u-domain vector 406 from a resource location having low transmission reliability {o another
resource location having high transmission reliability. The mitermediate vector 412 may be
transformed to a transmission vector 416 bv a polar encoding matrix 414, The polar encoding
matrix 414 may perform a polar encoding transformation. The transmussion vector 416 may
be sent 10 a receiving device. Throughout the figures of the present application different bits
may be indicated with different colors. The same information identifving the different bits may
also be conveyed using different patterns.

{88561 FIG. 5 shows an example of a block diagram 500 of polar decoding of transmission
vectors with unknown mask and an example of a block diagram 530 of polar decoding of
transmission vectors with known mask. A masking vector 504 may be transformed by a polar
encoding matrix 506 and transnuitted across a channel 30% into a LLR mask vector 510, The
receiving device may perform a LLR check 512 of a transmission vector 502 and the LLR mask
vector 510, The result of the LLR check 512 1s inputted into a polar decoder 514 to generate a
received data vector 516. The received data vector 516 may include data bits sent by the

transmitting device.
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(06571 Still referring to FIG. 5, a masking vector 564 may be transformed by a polar encoding
matrix 566 into a second mask vector 570, The recetving device may perform a sign flip 572
of a transnussion vector 562 and the second mask vector 570. The result of the sign flip 57215
inputted into a polar decoder 574 to generate a received data vector 576. The received data
vector 576 may include data bits sent by the transmitting device.

[0658] Referring now to FIG. 6, which iHlustrates another example of a block diagram 600 of
polar encoding of masked u-domamn vectors in a transmitter. In some umplementations, the
transmitting device attaches 604 cvclic redundancy check (CRC) bits to data bils 602 fo
generate a data vector 606 having ky bits. The data vector 606 is transformed by a masked
encoder 608 1nto an mtermediate vector 610 having Ni bits. The intermediate vector 610 may
be transformed by a rate match matrix 612 to generate a first transmission vector 614 having
M bits.

{60591 Still referring o FIG. 6, if the transmitting device receives an mndication of failed
decoding of some bits within the data bits 602, a bit selection 680 may be performed to select
data bits 622 for a first repeated transmission. In certain implementations, the transmitting
device attaches 624 CRC bits to dala bits 622 {0 generate a data vector 626 having k; bits. The
data vector 626 1s transformed by a masked encoder 628 into an intermediate vector 630 having
Ny bits. The intermediate vector 630 may be transformed by a rate match matrix 632 to
generate a second transmisston vector 634 having Mz bits.

[0060] Refernng again to FIG. 6, it the transmitting device receives another indication of failed
decoding of some bits within the data bits 602, a bit selection 680 may be performed to select
data bits 642 for a second repeated transmussion. In certain implementations, the transmitting
device attaches 644 CRC bits to dala bits 642 {0 generate a data vector 646 having ks bits. The
data vector 646 1s transformed by a masked encoder 648 into an intermediate vector 630 having
N3 bits. The intermediate vector 650 may be transformed by a rate maich maftrix 652 to
generate a second transmisston vector 654 having Mz bits.

[0661] Referring to FIG. 6, if the transmitting device receives vet another indication of failed
decoding of some bits within the data bits 602, a bit selection 680 may be performed to select
data bits 662 for a third repeated transmission. In certain implementations, the transmitting
device attaches 664 CRC bits to dala bits 662 {0 generate a data vector 666 having ka bits. The
data vector 666 is transformed by a masked encoder 668 into an intermediate vector 670 having
Ny bits. The intermediate vector 670 may be transformed by a rate maich matrix 672 to
generate a second transmission vectior 674 having Mg bits, More or fewer retransmissions than

those shown 1 FIG. 6 may be supported.
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(00621 Tuming to FIG. 7, which tllustrates examples of masked encoders 608, 628, 648, 668
used in polar encoding of masked u-domain veciors. In some implementations, the data vectors
606, 626, 646, 666 may be input of the masked encoders 608, 628, 648, 668. Mapping matrices
may map the data vectors 6006, 626, 646_ 666 10 Nuax vectors 712, 722 732, 742, The Numax
veciors 712, 722, 732, 742 may each include Nuax bits. During the initial transmission, the
MNuax vector 712 may be truncated by selecting 714 last Ny bils of the Nuax bils to generale an
ntermediate vector 716, The misrmediate vector 716 may have N bits, where Ny mav be less
than or equal to Nmax. Next, the intermediate vector 716 may be transformed by a polar
encoding matrix 718,

{00631 Stll referring to FIG. 7, during the {irst repeated transmussion, the Muax vector 722
may be masked by the Nayax vector 712 using a bit-wise addition operation 750. After the
masking process, the masked Nuax vector 722 may be truncated by selecting 724 last N» bits
of the Nuax bits to generate an intermediate vector 726. The intermediale vector 726 may have
Mo bits, where Ny mav be less than or equal to Nuax. Next, the intermediate vector 726 may
be transformed by a polar encoding matrix 728,

{0864} Referring again to FIG. 7, during the second repeated transmission, the Nuax vector
732 may be masked by the Nayax vector 712 using a bit-wise addition operation 752, After the
masking process, the masked Naax vector 732 may be truncated by selecting 734 last Ns bits
of the Nmax bits to generate an intermediate vector 736. The intermediale vector 736 may have
N bits, where N3 may be less than or equal to Nuax. Next, the intermediate vector 736 may
be transformed by a polar encoding matrix 738,

{00651 Referring still to FIG. 7, during the third repeated transmission, the Nuyax vector 742
may be masked by the Nmax vectors 712, 732 using bit-wise addition operations 754, 756
After the masking process, the masked Nyax vector 742 roay be truncated by selecting 744 last
Nj bits of the Nmax bits o generate an intermediate vectior 746. The intermediate vecior 746
may have Na bits, where Ny may be less than or equal to Nwax. Next, the intermediate vector
746 may be transformed by a polar encoding matrix 748,

[0666] Turning to FIG. 8, which illustrates an example of a matrix 800 for generating masks
for the u-domain vectors. The mask for the u-domain vector for the i-th transmission may be
expressed as vi = [ur . ..., wa] ¥ 8 where S = kron (Rynicvin, Ivmax) = Rppi-10® umax. Here, R
1787

13 a matrix R = [ 0 1] . T is the maximum transmission times.  Inmax 1S the Npax by Ninax

sized identity maitrix. In the block diagram 800, masks 802, 804 are the masks for the u~-domain

vectors for the third and fifth transmissions. In some exampies, the first, second, third, fourth,
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fifth, sixth, seventh, and eighth masks may be O, uy, ur, urru+us, v, wtuz+us, titwtus, and
v Hurtus gt ustuetay, respectively.

{06671 FIG. 9 illustrates an exarople of a block diagram 900 for active bit relocation for polar
encoding with two transmissions. To achieve active bit relocation, the best K indices are picked
out from all the N+ N» +.. +N; polarized channels, and where K, active-bits from block |1, 2,
t-1] are relocated to block t. During the first transmission, a u-domain vector 910 is transformed
by a polar encoding matrix 934 into a transmussion vector 940. The u-domain vector 910 may
include one or more data bits 912, a repeated bit 914 in an unreliable transmission {ocation 916,
After the transmussion of the transmission vector 940, a second transmission may be inifiated
due to the failed decoding of the repeated bit 914, Durning the second transmission, a u~domain
vector 920 may include the repeated bit 914 at a reliable transmission location 922, The u-
domain vector 920 may be bit-wised added 928 with the u-domain vecior 910 to form an
mtermediate vector 930. The intermediate vector 930 may be transformed a polar encoding
matrix 932 into a transnussion vector 950, The repeated bit 914 may be relocated to the reliable
transmission location 922 having a higher transmission reliability than the unreliable
transmussion location 916, For example, the unreliable transmission location 916 may be a
resource location where mformation transmutted has a low probability (e.g. 10% for every
transnussion} of being decoded by receiving device. The reliable transmission focation 922
may be a different resource location where information transmitied has a high probability (e.z.
99% for every transnission) of being decoded by receiving device. At the receiving device,
the u-domain vector 920 may be decoded before the u-domain vector 910

(00681 FIGS. 10-21 illustrate examples of active bit relocation for polar encoding with two
transissions using two modes.

[0663] Referring now to FIG. 10, which shows an exaraple of a block diagram 1000 for active
bit relocation for polar encoding with two transmissions. The first transmission may utilize
puncture or repetition mode, and the second transmussion may utilize puncture or repetition
mode. For example, during the first transmussion, a u-domamn vector 1010, or an interroediate
vector 1012 may be transformed, via a polar encoding matrix 1014, into a transmission vecior
1016, In puncture mode, bits 1018 in the transmission vector 1016 may not be transmitted.
During the second transnussion, a u-domain vector 1020 may be bit-wised added with the u-
domain vector 1010 to produce an intermediate vector 1022, The intermediate vector 1022
may be transformed by a polar encoding mairix 1024 into a fransmission vector 1026, In

repetition mode, bits 1028 in the transmission vector 1026 may not be transmitted during
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retransmussion while remaining bits in the transmission vector 1026 are retransmitted. A
fegend 1050 indicates the tvpes of bits and their associated colors.

{86701 Referring now to FIG. 11, which shows an example of a block diagram 1100 for active
bit relocation for polar encoding with two transmussions. The first transmission may utilize
puncture or repetition mode, and the second transmission may wiilize punciure or repetition
mode. For example, during the {irst transmission, a u~-domain vector 1110 or an intermediate
vector 1112 may be transformed, via a polar encoding matrix 1114, into a transroission vector
1116 having N bits. In puncture mode, bits 1118 in the transnussion vector 1016 may not be
transmitied. During the second transmission, a u-domain vector 1120 may be bit-wised added
with the u-domain vector 1110 to produce an intermediate vector 1122, The mntermediate
vector 1122 may be shortened to produce a shortened intermediate vector 1124, The
intermediale vector 1124 mayv be iransformed bv a polar encoding matrix 1116 inio a
transmission vector 1128 having N/2 bits. In repetition mode, bits 1130 in the transmission
vector 1128 may not be transmutted during retransmission while remaining bits in the
transmssion vector 1128 are retransmitted.

{0871} Referring now to FIG. 12, which shows an example of a block diagram 1200 for active
bit relocation for polar encoding with two transmissions. The first transmission may utilize
puncture or repetition mode, and the second transmission may utilize puncture or repetition
mode. For example, during the first transmission, a u-domain vecior 1210 may be mapped to
an interroediate vector 1212, The mtermediate vector 1212 may be shortened into a shortened
intermediate vector 1214 by removing a portion of the bits in the intermediate vector 1212,
Wexi, the shortened intermediate vector 1214 may be transformed, via a polar encoding matrix
i216, mto a transmussion vector 1218 having N bits.  In puncture mode, bits 1219 1o the
transmussion vector 1218 may not be transmitted. During the second transnussion, a u~domain
vector 1220 may be bit-wised added with the u-domain vector 1210 to produce an intermediate
vecior 1222, The intermediale vector 1222 may be transformed by a polar encoding vector
1224 into a transmission vector 1226 having 2N bits. In repetition mode, bits 1228 in the
transmission vector 1126 may not be transmitted during retransmission while remaining bits in
the transmussion vector 1226 are retransmitted.

{0872} Referring now to FIG. 13, which shows an example of a block diagram 1300 for active
bit relocation for polar encoding with two transmussions. The first transmission may utilize
puncture or repetition mode, and the second transmission may utilize shorten mode. For
example, during the first transmission, a u-domain vector 1310, or an intermediate vector 1312

may be transformed, via a polar encoding matrix 1314, into a transroission vector 1316, During

[
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the second transmission, a u-domain vector 1320 may be bit-wised added with the u-domain
vector 1310 to produce an mtermediate vector 1322, The intermediate vector 1322 may be
transformed by a polar encoding matrix 1324 into a transraission vector 1326, To shorten mode,
bits 1328 in the transmission vector 1326 may be zero-valued and unnecessary to transmit.
{68731 Referring now o FIG. 14, which shows an exampie of a block diagram 1400 for active
bit relocation for polar encoding with two transmissions. The first transmission may utilize
puncture or repetition mode, and the second transvussion may utilize shorten mode. For
example, during the first transmission, a u-domain vector 1410 or an intermediate vector 1412
may be transformed, via a polar encoding matrix 1414, into a transmission vector 1416 having
N bits. During the second fransnussion, a u-domain vector 1420 may be bit~wised added with
the u-domain vector 1410 to produce an intermediate vector 1422, The intermediate vector
1422 may be shortened to produce a shortened intermediate vector 1424, The intermediate
vector 1424 may be transformed by a polar encoding mairix 1426 into a transmission vector
1428 having N/2 bits. In shorten mode, bits 1430 in the transmission vector 1428 may be zero-~
valued and unnecessary to transmmt.

{0874} Referring now to FIG. 15, which shows an example of a block diagram 1500 for active
bit relocation for polar encoding with two transmissions. The first transmission may utilize
puncture or repetition mode, and the second transmission may uiilize shorten mode. For
example, during the first transmission, a u-domam vector 1510 mav be mapped o an
ntermediate vector 1512, The intermediate vector 1512 may be shortened into a shortened
intermediate vector 1514 by removing a portion of the bits in the intermediate vector 1512,
Wexi, the shortened intermediate vector 1514 may be transformed, via a polar encoding matrix
1516, into a transmussion vector 1518 having N bits. During the second transmission, a u-
domain vector 1520 may be bit-wised added with the u-domain vector 1510 to produce an
intermediate vector 1522, The intermediate vector 1522 may be transformed bv a polar
encoding vector 1524 into a transnussion vector 1526 having 2N bits. In shorten mode, bils
1528 in the transoussion vector 1526 may be zero-valued and unnecessary to transnut.

(06751 Referring now to FIG. 16, which shows an example of a block diagram 1600 for active
bit relocation for polar encoding with two transmissions. The first transmission may ufilize
shorten mode, and the second transmission may utilize punclure or repetition mode.  For
example, during the first fransmission, a u-domain vector 1610, or an intermediate vector 1612
may be transformed, via a polar encoding matrix 1614, into a transmission vector 1616, In
shorten mode, bits 1618 in the transmission vector 1616 may be zero-valued and unnecessary

to transmit. During the second transmussion, a u-domain vector 1620 may be hit-wised added
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with the u-domain vector 1610 to produce an intermediate vector 1622, The intermediate
vector 1622 may be transformed by a polar encoding matrix 1624 mto a transmission vector
1626.

{08761 Referring now to FIG. 17, which shows an example of a block diagram 1700 for active
bit relocation for polar encoding with two transmissions. The first transmission may utilize
shorten mode, and the second transmission may utilize puncture or repetition mode. For
example, during the first transmission, a u~domain vector 1710 or an mtermediate vector 1712
may be transformed, via a polar encoding matrix 1714, into a transmission vector 1716 having
N bits. In repetition mode, bits 1718 in the transmission vector 1716 may be zero~-valued and
unnecessary to fransnut. During the second transnussion, a u-domain vector 1720 may be bit-
wised added with the u-domain vector 1710 to produce an intermediate vector 1722, The
intermediate vector 1722 may be shortened to produce a shortened intermediate vector 1724,
The intermediate vector 1724 may be transtormed by a polar encoding matnx 1726 into a
transmission vector 1728 having N/2 bits.

{86771 Referring now to FIG. 18, which shows an exampie of a block diagram 1800 for active
bit relocation for polar encoding with two transmssions. The first transmission may utilize
shorten mode, and the second transnussion may utilize puncture or repetition mode. For
example, during the first transmission, a u-domamn vector 1810 may be mapped to an
mtermediale vector 1812, The intermediate vectior 1812 may be shortened into a shortened
imtermediate vector 1814 by removing a portion of the bits in the intermediate vector 1812,
Mext, the shortened intermediate vector 1814 may be transformed, via a polar encoding matrix
1816, into a transmussion vector 1818 having N bits. In shorten mode, bits 1819 in the
transnssion vector 1818 may be rero-valued and unnecessary o transmif. During the second
transmission, a u-domain vector 1820 may be hit-wised added with the u-domain vector 1810
to produce an intermediate vector 1822, The intermediate vector 1822 may be transformed by
a polar encoding vector 1824 into a transmission vector 1826 having 2N bits.

[0078] Referning now 1o FIG. 19, which shows an example of a block diagram 1900 for active
bit relocation for polar encoding with two transmissions. The first transmission may utilize
shorten mode, and the second transmussion may utilize shorten mode. For example, during the
first transmission, a u~-domain vector 1910, or an intermediate vecior 1912 may be transformed,
via a polar encoding mairix 1914, into a transmission vector 1916, In shorten mode, bits 1918
in the {ransmission vector 1916 may be zero-valued and unnecessary to transmit. During the
second transmission, a u-domnain vector 1920 may be bit-wised added with the u-domain vector

1910 to produce an interroediate vector 1922 The intermediate vector 1922 mav be

-
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transformed by a polar encoding matrix 1624 into a transmission vector 1926, In shorten mode,
bits 1928 in the transmission vector 1926 may be zero-valued and unnecessary to transmit.
Here, bits 1918 and bits 1928 have the same lengths, 1.e. transmission vectors 1916, 1926 have
the same number of shortened bits.

{68791 Referring now o FIG. 2¢, which shows an exampie of a block diagram 2000 for active
bit relocation for polar encoding with two transmissions. The first transnussion may utilize
shorten mode, and the second transnussion may utilize shorten mode. For example, during the
first transnussion, a u~-domain vector 2010 or an intermediate vector 2012 may be transformed,
via a polar encoding matrix 2014, into a transmuission vector 2016, In shorten mode, bits 2018
n the transmussion vector 2016 may be zero-valued and unnecessary to transmit. Durning the
second transmission, a u~-domain vector 2020 may be bit-wised added with the u-domain vector
2010 to produce an intermediate vector 2022, The intermediate vector 2022 mav be
transtformed by a polar encoding matrix 2024 1nto a transmission vector 2026. In shorien mode,
hits 2028 in the transmission vector 2026 may be zero-valued and wnnecessary to transmit,
Here, bits 2018 and bits 2028 have different lengths, 1.e. the transmission vecfor 2016 has a
smaller number of shorlened bits than the transmission vecior 2026.

{00801 Referring now to FIG. 21, which shows an example of a block diagram 2100 for active
bit relocation for polar encoding with two transmussions. The first transmission may utilize
shorten mode, and the second transmussion may utilize shorten mode. For example, during the
first transnussion, a u~domain vector 2110 or an intermediate vector 2112 may be transformed,
via a polar encoding matrix 2114, into a transmission vector 2116, In shorten mode, bits 2118
int the transmission vector 2116 may be zero-valued and unnecessary to transmit. During the
second transmission, a u~domain vector 2120 may be bit~-wised added with the u-domain vector
2110 to produce an wtermediate vector 2122, The mtermediate vector 2122 mav be
transtformed by a polar encoding matrix 2124 into a transmission vector 2126. In shorten mode,
bits 2128 in the transmission vector 2126 may be zero-valued and onnecessary to transmut,
Here, bits 2118 and bits 2128 have different lengths, 1.e. the transmission vector 2116 has a
larger number of shortened bits than the transmission vector 2126.

{06811 Tuming now to FIG 22, which illustrates an example of a block diagram 2200 of the
decoding process. The recetving device receives a first LLRs during the first reception and a
second LLRs during the second reception.  After receiving the first LLRs, the receiving device
performs a de-ratematch 2202 on the first LLRs to produce a first N1 LLRs. The receiving
device also performs a de-ratematch 2206 on the second LLRs to produce a first Ny LLRs.

Depending on the length of the Ny LLRs and N; LLRs, a duphication or truncation 2204 s
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performed on the N; LLRs 1o generate a second N> LLRs. The first N2 LLRs and second N»
LLRs are combined using a LLR domain check 2208 1o create a final N; LLRs. The final Ny
LLRs 15 decoded with a decoding matrix 2210 to extract the ks buts.

(0882} Stll referring to FIG. 22, the extracted ko bits may be encoded with a encoding matrix
2212 to obtain Ny bits. Next, the sign of the first No LLRs is flipped 2214 and padded or folded
2216 to generate a second Ny LLRs. The first and second Ny LLRs are then added 2218 to
create a final N; LLRs, which may be decoded with a decoding matrix 2220 to obtain the
original k bits from the transmitting device. The duplication (Dup), truncation (Trunc),
padding (Pad), and Folding (Fold) processes are displayed at the botiom of FIG. 22,

{00831 FIG. 23 15 a flow chart of a method 2300 for masking u-domain vectors for polar
encoding. At block 2302, the method 2300 may construct a data vector including a plurality
of data bits. For example, the data component 130 of the UE 110 may construct a data vector
mcluding a plurality of data bits. The data bits may include audio, video, textual, or other
information that the UE 110 uploads to the BS 105,

{00841 At block 2304, the method 2300 may transform the data vector into a u-domain vector.
For example, the encoding component 154 of the UE 110 may transform the data vector inio a
u-domain vector. The transforroation may include nultiplying the data vector by a matrix. The
u-domain vector may include more bits than the data vector.

[0085] At block 2306, the method 2300 may mask the u-domain vector with a mask. For
example, the masking component 152 of the UE 110 may mask the u-domain vector with a
mask. The masking component 152 may also generate the mask depending on the order of
transmission.  For example, during the initial transmission of the data vector, the masking
component 152 may select a mask having all zero bits. For the first and second retransmissions,
the masking component 152 may select a mask having identical biis as the data vector. For the
third retransmission, the masking component 152 may select a mask equal to the sum of the
previous data veclors.

(00861 At block 2308, the method 2300 mayv encode the masked u-domain vector with polar
encoding to generate a transnussion vector. For example, the encoding component 154 of the
UE 110 may encode the masked w-domain vector with polar encoding o generate a
transmission vector.

[0887] At block 2310, the method 2300 may transmit, to a receiving device, the transmission
vector. For example, the communication component 156 of the UE 110 may transmit the

fransmission vector to the communication component 176 of the BS 105
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[0088] FIG. 24 is a flow chart of an example of a method 2400 of retransmitting coded
messages. At block 2402, the method 2400 may generate a first data vector having a plurality
of data bits. For example, the data component 150 may generate a first data vector having a
plurality of data bits.

{00891 At block 2404, the method 2400 may generate a first u-domain vector by transforming
the first data vector, wherein the first y-domain vector includes first active bits and first non-
active bits. For example, the encoding component 154 may generate a first u~-domain vector
by transforming the first data vector, wherein the first u-domain vector includes first active bits
and first non-active bis.

{00901 At block 2406, the method 2400 may encode the first u~domam vector with a polar
encoder to generate a first transmission vector having a first plurality of bits and a second
plurality of bits. For example, the encoding component 154 may encode the first u-domain
vecior with a polar encoder to generate a first transmission vector having a first plarality of bits
and a second plurality of bits.

{00911 At block 2408, the method 2400 may transmit the first plurality of bits. For example,
the communication component |58 may transmit the first plurality of bits.

{00921 At block 2410, the method 2400 may receive an indication of a faled decoding of the
first plurality of bits. For example, the comimunication component 158 receive an indication
of a failed decoding of the first plurality of bits.

[0693] At block 2412, in response to the indication of the falled decoding, the method 2400
may generate a second data vector having a portion of the plurality of data bits, For example,
the data component 150 generaie a second data vecior having a portion of the plurality of data
bits.

[0694] At block 2414, the method 2400 may generate a mask based on the first data vector,
For example, the masking component 152 may generate a mask based on the first data vector.
[0095] At block 2416, the method 2400 may generaie a second u-domain vecior by
transforming the second data vector, wherein the second u~domain vector includes second
active biis and second non-active bits. For example, the encoding component 154 may generate
asecond p-domain vector by transforming the second data vector, wherein the second u-domain
vector includes second active bits and second non-active bits.

{00961 At block 2418, the method 2400 may mask the second u-domain vector with the mask
to generate an intermediate vector. For example, the masking component 152 may mask the

second u-domain vector with the mask to generale an intermediate vector.
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06971 At block 2420, the method 2400 may encode the intermediate vector with the polar
encoder {0 generate a second transmission vector having a third plurality of bits and a fourth
plurality of bits.  For example, the encoding component 154 may encode the mntermediate
vector with the polar encoder to generate a second transmission vector having a third plurality
of bits and a fourth plurality of bits.

[0098] At block 2422, the method 2400 may transmit the third plurality of bits. For example,
the comymunication component 158 may transmit the third plurality of bits,

[0099] FIG. 25 1s a flow chart of a method 2500 of decoding coded messages. The method
2500 may be implemented, partly or completely, by decoders illustrated in FIGS. 5 and 22, At
block 2502, the roethod 2500 may de-ratematch 2502 received bits. For example, the decoding
component 158 may de-ratematch 2502 received LLR vectors sent by a transmitting device.
{68160} At block 2504, the method 2500 may scale the received LLR vectors to size-N¢ vectors
fxi, x2, ..., xT} For example, the decoding component 158 may scale the received LLR
vectors to size-Ne vectors [x1, x2, .., xT}

[06101] At block 2506, the method 2500 may initialize i=T. For example, the decoding
component 158 mav mitialize i=T.

[080102] At block 2508, the method 2500 may soft combine LLR for i1-th transmission.  For
example, the decoding component 158 may soft combine LLR for i-th transmission.

[68163] At block 2510, the method 2500 may collect known mfo bits from decoding resulis for
[T, T-1, i+1}-th transmissions. For example, the decoding component 138 may collect known
info bits from decoding results for T, T-1, i+1]-th transmissions.

{06184 Next, at block 2512, the method 2500 mayv soft combine LLRs from [T, T-1, i+1}-th
transmussions. For example, the decoding component 158 may soft combine LLRs from [T,
T-1, 1+1]-th transmissions.

{68165} At block 2514, the method 2500 may decode (Ni, Ki) code. For example, the decoding
component 158 may decode (N1, Ki) code.

[06106] At block 2516, the method 2500 may determuine if i=1. For example, the decoding
component 158 may determune if i=1L.

(081671 At block 2518, if i does not equal to 1, the method 2500 may re-encode (INi, Ki) and
tlip signs of LLRs of block T. For exaraple, the encoding corponent 154 may re~encode (N1,
Ki} and flip signs of LLRs of block T.

{68168} At block 2520, the method 2500 may set i=i~-1. For example, the decoding component

may set 1=1-1,
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(0010971 At block 2522, if the method 2500 determines that i=1 at block 2516, the method 2500
may output the decoded bits. For example, the communication component 156 may output the
decoded bits.

{08110} In some implementations, the methods 2300, 2400, and 2500 may be implemented by
the BS 105 and its corresponding componenis.

[08111] Referring to FIG. 26, one example of an implementation of the UE 110 may include a
variety of components, some of which have already been described above, but including
components such as one or more processors 2612 and memory 2616 executing one or more
functions relating {o polar encoding and decoding, and transceiver 2602 in communication via
one or more buses 2644, which may operate n comjunction with modem 140 and the
communication component 130 to enable one or more of the functions described herein related
to controlling data packet transmission reliability. Further, the one or more processors 2612,
modem 140, memory 2616, {ransceiver 2602, RF front end 2688 and the anlenna system 2665,
may be configured to support voice and/or data calls (simultaneocusly or non-simultaneously)
in one or more radio access technologies.

[06112]In an aspect, the one or more processors 2612 can include a modem 140 that uses one
or more modem processors. The various functions related to the communication component
150 may be included in modem 140 and/or processors 2612 and, in an aspect, can be executed
by a single processor, while in other aspects, different ones of the functions may be executed
by a combination of two or more different processors. For exarnple, in an aspect, the one or
mwore processors 2612 may include any one or any combination of a modem processor, o7 a
baseband processor, or a digital signal processor, or a iransmit processor, Of a receiver
processor, of a transceiver processor associated with transceiver 2602, Tn other aspects, some
of the features of the one or more processors 2612 and/or modern 140 associated with the data
component 150 may be performed by transceiver 2602,

[06113]Memory 2616 can include any type of computer-readable mediur usable by a computer
or at least one processor 2612, such as random access memory {(RAM), read onlvy memory
(ROM), tapes, magnetic discs, optical discs, volatile memory, non-volatile memory, and any
combination thereof. In an aspect, for example, memory 2616 may be a non-transitory
computer-readable storage medium that stores one or more computer-executable codes
defining the communication component 156 and/or one or more of its subcomponents, and/or
data associated therewith, when UE 110 is operating at feast one processor 2612 1o execute the

communication component 156 and/or one or more of its subcomponents,
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(00114} Transceiver 2602 may include at least one receiver 2606 and at least one {fransmitier
2608. Recetver 2606 may include hardware, firmware, and/or software code executable by a
processor for receiving data, the code comprising mnstructions and being stored i a memory
{e.g., computer-readable medium}. Receiver 2606 may be, for example, aradio frequency (RF)
receiver. In an aspect, recetver 2606 may receive signals transmitted by at least one base station
105, Additionally, receiver 2606 may process such received signals, and also may obtain
measurements of the signals, such as, but not limited to, Ec/lo, SNR, RSRP, RSS], etc.
Transmitter 2608 may include hardware, firmware, and/or software code executable by a
processor for transmiiting data, the code comprising instructions and being stored in a memory
(e.g., computer-readable medium). A suitable example of transmutter 2608 may mncluding, but
is not limited to, an RF transmitter.

{B8115 Moreover, in an aspect, the UE 110 mayv include RF front end 2688, which may operate
i communication with the antenna systemy 26635 and transceiver 2602 for receiving and
transmitting radio transroissions, for example, wireless conwnunications transnutied by at least
one BS 105 or wireless transmissions transmitted by other BS 105 and UE 110. RF front end
2688 may be connected to the antenna system 2665 and can mclude one or more low-noise
amplifiers (LN As) 2690, one or more switches 2692, one or more power amplifiers (PAs) 2698,
and one or more filters 2696 for transmitting and receiving RF signals.

[08116]In an aspect, LNA 2690 can amplhiiy a received signal at a desired output level. In an
aspect, each LNA 2690 may have a specified minimum and maximurn gain values. In an aspect,
RF front end 2688 may use one or more switches 2692 to select a particular LNA 2690 and its
spectfied gain value based on a desired gain value for a particular application.

{08117 Further, for example, one or more PA(s) 2698 may be used by RF front end 2688 {0
amplify a signal for an RF output at a desired output power level. In an aspect, sach PA 2698
may have specified minimum and maximum gain values. In an aspect, RF front end 2688 may
use one or more switches 2692 to select a particular PA 2698 and its specified gam value based
on a desired gain value for a particular application.

[00118] Also, for example, one or more filters 2696 can be used by RF front end 2688 io filter
areceived signal to obtain an input RF signal. Similarly, in an aspect, for example, a respective
filter 2696 can be used {o filter an output from a respective PA 2698 1o produce an output signal
for transmission. In an aspect, each filter 2696 can be connected to a specific LNA 2690 and/or
PA 2698. In an aspect, RF front end 2688 can use one or more switches 2692 to select a transmit
or receive path using a specified filter 2696, LNA 2690, and/or PA 2698, based on a

configuration as specified by the transceiver 2602 and/or processor 2612.
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(001191 As such, the transceiver 2602 mayv be configured to transmit and receive wireless
signals through the antenna system 2665 via RF {ront end 2688. In an aspect, transceiver may
be tuned fo operate at specified frequencies such that UE 110 can conwnunicate with, for
example, one or more BSs 105 or one or more cells associated with one or more base stations
105, In an aspect, for example, modem 140 can configure the transcetver 2602 to operate at a
specified frequency and power level based on the BS configuration of the UE 110 and the
communication protocol used by modern 140,

[001201In an aspect, modem 140 can be a multiband-multimode modem, which can process
digital data and commnunicate with transceiver 2602 such that the digital data 15 sent and
received using transcetver 2602, In an aspect, modern 140 can be multiband and be configured
to support multiple frequency bands for a specific communications protocol. In an aspect,
modem 140 can be muliimode and be configured to support multiple operating networks and
communications protocols. In an aspect, modem 140 can control one or more components of
UE 110 {e.g.. RF front end 2688, transceiver 2602) to enable transmission and/or reception of
signals from the network based on a specified modem configuration. In an aspect, the modem
configuration can be based on the mode of the modem and the frequency band in use. In ancther
aspect, the modem configuration can be based on BS configuration information associated with
UE 110 as provided by the network.

[08121]Referring to FIG. 27, one example of an irmoplementation of the BS 105 may include a
variety of components, some of which roay be simular fo the UE components already described
above in connection with FIG. 26, but including componenis such as one or more processors
2712 and memory 2716, e.g., executing one or more functions relating to polar encoding and
decoding, and transceiver 2702 in commumnication via one or more buses 2744, which may
operate in conjunction with moder 160 and the communication component 176 to enable one
or more of the functions described herein.

{68122} FIG. 28 shows an example of a block diagram 2800 of polar encoding. A data vector
2802 may include a number of data bits. By transforming the data vector 2802 with a roapping
matrix 2804, the data vector 2802 is transformed to a u-domain vector 2806. The u-domain
vector 2806 may include more bits than the data vector 2802. The u-domain vector 2806 may
be transformed to a transmission vector 2816 by a polar encoding matrix 2814, The polar
encoding matrix 2814 may perform a polar encoding transformation. The transmission vector
2816 may be sent to a receiving device.

[B81231FIG. 29 illustrates another example of a block diagram 2900 {or active bit relocation

for polar encoding with two transmussions. The block diagram 2900 mav be equvalent to the
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block diagram 900. During the first transmission, a u-domain vector 2910 is transformed by a
polar encoding matrix 2934 into a transmission vector 2940, The u-domain vector 2910 may
include one or more data bits 2912, a repeated bit 2914 in an unreligble transmussion location
2916, After the transmission of the transmission vector 2940, a second transmission may be
initiated due to the failed decoding of the repeated bit 2914, During the second transmission,
a u~-domain vector 2920 may include the repeated bit 2914 at a rehiable transmission location
2922. The transformed (by a polar encoding matrix 2932) u-domain vector 2920 may be bit-
wised added 2928 with the transnussion vector 2940 to form an transmission vector 2950. The
repeated bit 2914 may be relocated to the rehable transmission location 2922 having a higher
transmussion reliability than the unreliable transmussion location 2916, For example, the
unreliable transmission location 2916 may be a resource location where information
transmitied has a low probability (e.g. 50% for every transmission) of being decoded by
recetving device. The rehiable transmission tocation 2922 may be a different resource location
where information transmutted has a high probability (e.g. 90% for every transmuission) of being
decoded by receiving device. At the receiving device, the transmission vecior 2950 mayv be
decoded before the transmission vector 2940.

[06124] FIG. 30 dlustrates yvet another example of a block diagrar 3000 for active it relocation
for polar encoding with two transmissions. The block diagram 3000 may also be equivalent to
the block diagram 900. During the {irst transmisston, a u-domain vector 3010 is transformed
by a polar encoding matrix 3034 mto a transmission vector 3040, The u-domain vector 3010
may include one or more data bits 3012, a repeated bit 3014 in an unreliable transmission
location 3016. After the transmission of the transmission vector 3040, a second transmission
may be initiated due o the failed decoding of the repeated bit 3014, During the second
transmussion, a u-domain vector 3020 mav include the repeated bit 3014 at a relable
transmission location 3022, The transformed (by a polar encoding matrix 3032) u-domain
vector 3020 may be bit~-wised added by an adder 3028 with the transmission vector 3040 to
form an transmussion vector 3030, The repeated bit 3014 may be relocated to the reliable
transmission location 3022 having a higher transmission rehiability than the unreliable
transmission location 3016, For example, the unreliable fransmission location 3016 may be a
resource location where nformation transmitted has a low probability (e.g 20% for every
transnussion} of being decoded by receiving device. The reliable transnussion location 3022
may be a different resource location where information transmutted has a high probability (e.g.
95% for every transmission} of being decoded by receiving device. At the receiving device,

the transmission vector 3050 may be decoded before the transmission vector 3040, In some
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implementations, the polar encoding matrices 3032, 3034 and the adder 3028 may be
implemented by an equivalent polar encoding matrix 3060.

[06125]FIG. 31 dlustrates graphs 3100, 3150 showing examples of performance measurements
of various transmission schemes. In the graph 3100, the values of M1 and M2 equal to 512
In the graph 3150, the values of M1 equals to 512 and the values of M2 equals to 256.

[08126] FIG. 32 iHlustrates graphs 3200, 3250 showing examples of performance measurements
of various transmission schemes. Io the graph 3200, the values of M1 and M2 equal to 432
and the ARUM works in “shorten+shorten” modes. In the graph 3250, the values of M1 and
M2 equal to 432 and the ARUM works in “puncturetpuncture” modes.

[061271FIG. 33 dlustrates graphs 3300, 3350 showing examples of performance measurerments
of various transmission schemes. In the graph 3300, the value of M1 is smaller than the value
of M2 and the ARUM works in “shorten+shorten™ modes. In the graph 3250, the value of M1
is greater than the value of M2 and the ARUM works in “shorten+shorten”™ modes.
[00128]The above detailed description set forth above in comnection with the appended
drawings desciibes examples and does noi represent the only examples that may be
implementied or that are within the scope of the claims. The term “example,” when used in this
description, means “‘serving as an example, instance, or dlustration,” and not “preferred” or
“advantageous over other examples.” The detailed description includes specific details for the
purpose of providing an understanding of the described techniques. These technigues,
however, may be practiced without these specific details. In some instances, well-known
structures and apparatuses are shown in block diagram form in order to avoid obscuring the
concepts of the described examples.

{08128 Information and signals wmay be represented using any of a vanety of different
technologies and techniques. For example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout the above description may be
represenied by voltages, currents, electromagnetic waves, magnetic fields or particles, optical
fields or particles, computer-executable code or instructions stored on a computer-readable
medium, or any combination thereof.

[06130] The various ilustrative blocks and components described in connection with the
disclosure herein may be implemented or performed with a specially-programmed device, such
as but not limited 1o a processor, a digital signal processor (D8P}, an ASIC, a FPGA or other
programmable logic device, a discrete gate or transistor logic, a discrete hardware component,
or any combination thereof designed o perform the functions described herein. A specially-

programmed processor may be a microprocessor, but in the alternative, the processor may be
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any conventional processor, controller, mucrocontroller, or state machine. A specially-
programmed processor may also be implemented as a combination of computing devices, e.g.,
a cormobination of a DSP and a microprocessor, multiple mucroprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

{68131} The functions described herein may be implemented in hardware, software executed by
a processor, firmware, or any combination thereot. If implemenied 1o software executed by a
processor, the functions may be stored on or transnutted over as one or more instructions or
code on a non-transitory computer-readable medium.  Other examples and implementations
are within the scope and spint of the disclosure and appended claims. For example, due to the
nature of software, functions described above can be implemented using sofiware executed by
a specially programimed processor, hardware, firmware, hardwiring, or combinations of any of
these. Features implementing funciions may also be physically located at various positions,
imcluding being disirnibuted such that portions of functions are implemented at different
physical locations. Also, as used herein, including n the clairos, “or” as used in a list of items
prefaced by “at least one of” indicates a disjunctive list such that, for example, alist of “at least
oneofl A B, orC"means AorBorCor ABor ACor BCor ABC (le, Aand B and Ch.
[06132] Computer-readable media includes both computer storage media and cornmunication
media including anv medium that facilitates transfer of a computer program from one place to
another. A storage medium may be any available medium that can be accessed by a general
purpose or special purpose computer. By way of example, and not limitation, computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medivim that can be used
to carry or store desired program code means in the form of instructions or data structures and
that can be accessed by a general-purpose or special-purpose computer, or a general-purpose
or speciai-purpose processor. Also, any connection is properly termed a compuier-readable
medium. For example, if the software 15 transmitted from a websile, server, or other remole
source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared. radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and microwave are
mncluded in the definition of medium. Disk and dise, as used heren, include compact disc
(CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk and Blu-ray disc where
disks usually reproduce data magnetically, while discs reproduce data optically with lasers.

Combinations of the above are also included within the scope of computer-readable media.
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061331 The previous description of the disclosure is provided to enable a person skilled in the
art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the common principles defined heremn may be applied
to other vanations without departing from the spirit or scope of the disclosure. Furthermore,
although elements of the described aspects may be described or claimed in the singular, the
plural is contemplated umless Limitation to the singular is explicitly stated. Additionally, all or
a portion of any aspect may be utilized with all or a portion of anv other aspect, unless stated
otherwise. Thus, the disclosure 1s not to be limited to the examples and designs descnibed
herein but 15 {0 be accorded the widest scope consistent with the principles and novel features

disclosed herein.
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CLAIMS

WHAT IS CLAIMED I5:
1. A method of transmitting coded messages 1o a receiving device, comprising:
constructing a data vector including a plurality of data bits;
transforming the data vector info a u-domain vector;
applving a mask to the u-domain vector;
encoding the masked u-domain vector with a polar encoding to generate a transmission
vector; and

transmitting, to the receiving device, the transmission vector.

2. The roethod of claim |, further comprising receiving an indication that the receiving
device failed to decode the data bits, wherein the data bits include a first portion that is in a
reliable transmission location and a second portion that is in an unreliable transmission

location.

3. The method of claim 2, further comprising:

constructing a redundant data vector including the second portion of the data bits by
relocating the second portion of the data biis from the unreliable transmission location to the
reliable transmission location;

trans{orming the redundant data vector into a redundant u-domain vector;

masking the redundant u-domain data vector with a redundant mask;

encoding the masked redundant u-domain vector with the polar encoding to generate a
redundant transmmssion vector; and

iransmitting, to the receiving device, the redundant transmission vector.

4. The method of claim 3, wherein the redundant mask includes the w-domain vector.

3. The method of clamm 3, wherein the data vector further includes one or more first
cvclhic redundancy check (CRC) bits and the redundant data vector includes one or more second

CRL bits.

6. The method of claim 1, wherein transforming the data vector into the u-domain

vecior includes converting a portion of bits in the u-domain vector into frozen bits.
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7. A user equipment, comprising:

a memory;
a transceiver; and
a processor in commuunication with the memory and the transceiver and configured to:
consiruct a data vector including a plurality of data bits;
transform the data vector into a u-domain vector;
applying a mask to the u-domain vector;
encode the masked w-domain vector with polar encoding to generate a
{ransmission vector; and

transmit, to a receiving device, the transmission vector.

8. The user equipment of claim 7, wherein the processor is further configured to

perform the methods of any of claims 1-6.

9. A computer-readable medium having mstructions stored therein that, when executed
by one or more processors, cause the one of More processors o

construct a data vector including a plurality of data bits;

trans{orm the data vector into a u-domain vector;

applying a mask to the u-domamn vector;

encode the masked u-domain vector with polar encoding to generate a transmission
vector; and

iransmit, {o a receiving device, the transmission veclor.

10. The computer-readable medium of claim 9, further comprising instructions to cause

the processor to perform the method of any of claims 1-6.

11. A method of retransmitting coded messages. comprising:

generating a first data vector having a plurality of data bits;

generating a first u~-domain vector by transforming the first daia vector, wherein the
first u-domain vector includes first active bits and first non-active bits;

encoding the first u-domain vector with a polar encoder to generate a first transmission
vector having a first plurality of bits and a second plurality of bits;

transmutting the first plurality of bits;

30
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recetving an indication of a failed decoding of the first plurality of bits;
in response 1o the indication of the failed decoding:

generating a second data vector having a portion of the plurality of data bits;

generating a mask based on the first data vector;

generating a second u-domain vector by transforming the second data vector,
wherein the second u-doman vector includes second active bits and second non-active
bits;

applying a mask to the second u-domain vector to generate an intermediate
vecior,

encoding the intermediate vector with the polar encoder to generate a second
transmission vector having a third plurality of bits and a fourth plurality of bits; and

{ransmitting the third plurality of bits.

12, The method of claim 11, wherein:
the first non-active bits and the second non-active bits include frozen bits; and

the first plurality of bits and the third plurality of bits are identical.

13. The method of claim 11, wherein:
the first non-active bils and the second non-active bits include frozen bits; and

the second plurality of bits and the fourth plurality of bits are not transnitied.

14. The method of claim 11, wherein;
the first non-active bits and the second non-active s include frozen bits; and

the second plurality of bits and the fourth plurality of bits are zero-valued.
15 The method of claim 11, wherein:

the first non-active bits mclude frozen bits or zero-valued bits; and

the first plurality of bits and the third plurality of bits are identical.

16. The method of ¢claim 11, wherein:

the first non-active bits include frozen bits or zero-valued bits; and

the second plurality of bits and the fourth plurality of bits are not transmitted.

17, The method of claim 11, wherein:
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the first non-active bits and the second non-active bits include frozen bits or zero-valued
bhits; and

the second plurality of bits and the fourth plurality of bits are zero-valued.

18. The method of claim 11, wherein alength of the first transmisston vector s identical

1o a length of the second transmission vector.

19. The method of claim 11, wherein a length of the first transnission vector is longer

than a length of the second transmission vector.

20. The method of claim 11, wherein a length of the first transmission vector is shorter

than a fength of the second transmission vector.

21, The method of claim 11, wheremn:
the second plurality of bits and the fourth plurality of bits are zero-valued; and
a number of the second plurality of bits 15 the same to a number of the fourth plurahity

of hits.

22 The method of clatm 11, wherein:
the second plurality of bits and the fourth plurality of bifs are zero-valued; and
a number of the second plurality of bits is longer than a number of the fourth plurality

of bits.

23. The method of claim 11, wherein:
the second plurality of bits and the fourth plurality of bits are zero-valued; and
a nurnber of the second plurality of bits 13 shorter than a nurnber of the fourth plurality

of bits.

24. A user equipment, comprising:

a memory;

a transceiver;

a processor coupled to the memory and the transceiver and configured to:

generate a first data vecior having a plurality of data bits;



WO 2019/153232 PCT/CN2018/075950

generate a first u-domain vector by transforming the first data vector, wherein
the first u-domain vector includes first active bits and first non-active bits;
encode the first u-domain vector with a polar encoder to generate a first
transmission vector having a first plurality of bits and a second plurality of bits;
{ransmit the first plurality of bits;
receive an indication of a failed transmission of the firsi plurality of bits;
i response to the failed transmission:
generate a second data vector having a portion of the plurality of data
bits;
generate a mask based on the first data vector;
generate a second u-domain vector by transforming the second data
vector, wherein the second u-domain vector includes second active bits and
second non-active bits;
apply a mask to the second u-domain vector to generate an intermediate;
encode the intermediate vecior with the polar encoder to generate a
second transmission vector having a third plurality of bits and a fourth phurahty
of bits; and

transmit the third pharality of biis.

25, The user equipment of claim 24, wherein the processor is further configured fo

perform the methods of any of claims 12-23.

26. A compuler-readable medium having instructions stored therein that, when
executed by one or more processors, cause the one or more processors to;

generate a first data vector having a plurality of data bits;

generate a first u-domain vector by transtorming the first data vector, wherein the first
uw~domain vector includes first active bits and first nou~active bits;

encode the first u-domain vector with a polar encoder fo generate a first fransnussion
vector having a first plurality of bits and a second plurality of bits;

iransmit the first plurality of bits;

receive an indication of a failed transmission of the first plurality of hits;

in response to the failed transmission:

generate a second data vector having a portion of the plurality of data bits;

generate a mask based on the first data vector;
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generate a second u-domain vector by transforming the second data vector,
wherein the second u-domain vecior includes second active bits and second non-active
bits;

apply a mask to the second u-domain vector to generate an intermediate vector;

encode the second u-domain vector with the polar encoder to generate a second
transmission vector having a third plurality of bits and a fourth plurality of bits; and

transmit the third plurality of hits.

27. The compuler-readable medium of claim 26, further comprising mstructions {o

cause the processor to perform the method of any of claims 12-23.
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