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POLAR CODES FOR UPLINK CONTROL INFORMATION
BACKGROUND

(60601} The following relates generally to wireless communication, and more specifically

to polar codes for uplink control information.

[0002] Wireless communications systems are widely deploved to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting compmunication with multiple users by sharing
the available system resources {e.g., fime, frequency, and power). Examples of such multiple-
access systemns include code division multiple access (CDMA) systems, time division
multiple access {TDMA) systems, frequency division multiple access (FDMA) systems, and
orthogonal frequency division mouliiple access (OFDMA) systerns, (e.g., a Long Term
Evolution (L'TE) system, or a New Radio (NR) system). A wirveless mudtiple-access
communications system may include a nurnber of base stations or access network nodes, each
simultancously supporting communication for multiple communication devices, which may

be otherwise known as user equipment (UE).

[0603] Data transmission, however, often involves sending data over a noisy
communication channel. To combat noise, a transmitter may encode code blocks using error
correcting codes that introduce vedundancy in the code block so that transmission errors may
be detected and corrected. Some examples of encoding algorithms with error correcting codes
inchude convolutional codes (CCs), low-density parity-check (LDPC) codes, and polar codes.
A polar code is an example of 4 linear block error correcting code and is the first coding
technique to provably approach channel capacity. Existing implementations, however, do not

cfficiently utilize polar codes.

SUMMARY

[6004] The described technigues relate to improved methods, systems, devices, or
apparafuses that support polar codes for uplink control information. Generally, the described
techniques provide for improved coding gain when transmitting control information having a
targe block size. In some examples, controf information is separated into segmentations based
on priority and unequal error protection (UEP) is provided to different control information

segmentations. A high priority subset may permit carly decoding, may be encoded using the
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most reliable sub-channels of a polar code, may be encoded using an adaptive coding rate,
and may be scif-decodable. A low priority subset may be encoded using less reliable sub-
channels of a polar code, and decoding of the low priority subset may depend on the
decoding of the high priority subset. Beneficially, the segrnentation techuniques described
herein provide higher coding gain than conventional techniques that use repetition fo transmit
control information. The technigues described herein also beneticially support early

termination of decoding and improved decoder power cfficiency.

[0005] A method of wireless communication is described. The method may include
generating a first control information scgmentation based at least in part on a first subset of
control information, generating a second control information segmentation based at least in
part on jointly encoding the first subset of the control information and a second subset of the
control information, polar encoding the first control information segmentation to generate a
first codeword and the second control information segmentation to generate a second

codeword, and transmitting the first codeword and the second codeword.

[00606] An apparatus for wircless communication is described. The apparatus may include
means for generating a fivst control information segmentation based at least in part on a first
subset of control information, means for generating a second control information
segmentation hascd at least in part on jointly encoding the first subset of the control
information and a second subset of the control information, means for polar encoding the first
control information segmentation to generate a first codeword and the second control
information seginentation to generate a sccond codeword, and means for transmitting the first

codeword and the second codeword.

(00667 Another apparatus for wireless communication is described. The apparatus may
include a processor, memory in electronic communication with the processor, and
instructions stored in the memory. The instructions may be operable to cause the processor to
generate a first control information segmentation based at feast in part on a first subset of
control information, generate a second control information segmentation based at least in part
on jointly encoding the first subset of the control information and a second subset of the
control information, polar encode the first control information segmentation to generate a
first codeword and the second control information segmentation to generate a second

codeword, and transmit the first codeword and the second codeword.



WO 2018/201404 PCT/CN2017/083088

[0008] A non-transitory computer readable medium for wireless communication 18
described. The non-transitory computer-readable medivum may include instructions operable
to cause a processor to generate a first controd information segmentation based at [east in part
on a first subset of control information, generate a second control information segmentation
based at least in part on jointly encoding the first subset of the control information and a
second subset of the conirol information, polar encode the first control information
segmentation to generate a first codeword and the second control information segmentation to

generate a second codeword, and transmit the first codeword and the second codeword.

100609] Soeme examples of the method, apparatus, and non-transiiory computer-readable
medium described above may further include processes, features, means, or instructions for
allocating the control information into the first subset and the second subset based at least in

part on priority.

[6610] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, jointly encoding the first subset of the conirol information and the
second subset of the control information compriscs: determining an error detection code
(EDC) based at least in part on the first subset of the control information and the second

subset of the control information.

(0611} in some examples of the method, apparatus, and non-transitory corputer-readable
medium described above, polar encoding the second control information segmentation to
generate the second codeword further comprises: loading a plurality of frozen bits, bits of the
EDC, bits of the first subset of the control information, and bits of the second subset of the
control information into respective sub-channels of a polar code based at least in parton a

reliability order of the sub-channels.

[6612] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the second control information segmentation comprises bits of the
EDC, bits of the first subset of the control information, and bits of the second subset of the

control information.

1060131 In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the second control information segmentation comprises bits of the

EDC and bits of the second subset of the control information.
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[0G14] in some examples of the method, apparatus, and non-transitory computer-readable
medium described above, generating the first control information segmentation further
comprises: determining an EDC based at least in part on the first subset of the control

mnformation.

(30315 In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, polar encoding the first control information segmentation to
generate the first codeword comprises: loading a plurality of frozen bits, the bits of the EDC,
and the bits of the first subsct of the control information into respective sub-channels of a

polar code hased at [east in part on a reliability order of the sub-channels.

[0616] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the first control information segmentation comprises bits of the

EDC and bus of the first subset of the control information.

10G17] Seme examples of the method, apparatus, and non-transiiory computer-readable
medium described above may further include processes, features, means, or instructions for
generating a hybnd Reed-Muller Polar (RM-Polar) code based at least in part on the first
subset of the control information, wherein the first control information segmentation

compriscs bits of the RM-Polar code.

[0G18] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, polar encoding the first control information segmentation to
generate the first codeword comprises: loading a plurality of frozen bits and the bits of the
RM-Polar code into respective sub-channels of a polar code based at least in parton a

reliability order of the sub-channels.

[6619] In some exampies of the method, apparatus, and non-transitory computer-readable
medium described above, generating the RM-Polar code comprises: obitaining a generator
matrix based at least in part on a coded block size. Some exanmples of the method, apparatus,
and non-transitory computer-readable medivum described above may forther include
processes, features, means, or instructions for determining a hamming distance such that a
number of rows of the generator matrix with a weight exceeding the hamming distance at
feast may be the same as a number of bits of the first subset of the control information. Some
examples of the method, apparatus, and non-transitory computer-readable medium described
above may further include processes, features, means, or instructions for selecting a subset of

the rows of the generator matrix based at least in part on a reliability of each sub-channel of a
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plurality of sub-channels of a polar code. Some exarmples of the method, apparatus, and non-
transitory computer-readable medium described above may further include processes,
featurcs, means, or instructions for mapping the first subset of the control information to the

selected subset of the rows.

60201 Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
determining a first EDC based at least in part on the first subset of the conirol information
and a second subset of the control information. Some examples of the method, apparatus, and
non-transitory computer-readable medium described above may further include processes,
features, means, or instructions for determining a second EDC based at least in part on the
first subset of the control information, wherein a bit length of the first EDC differs from a bit

length of the second EDC.

(6621} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the first subset of the control information includes one or more of
acknowledgement data, rank index data, precode matrix index data, or any combination
thereof. In some examples of the method, apparaws, and non-transifory computer-readable
1edium described above, the second subset of the control information includes channel

quality indicator data.

166221 A method of wireless communication is described. The method may include
determining a first bit sequence corresponding to a first subset of control information based at
least in part on decoding a first polar-encoded codeword, determining an EDC and a second
bit sequence corresponding to a second subset of the control information based at least in part
on decoding a second polar-encoded codeword, performing crror detection on the first bit
sequence and the second bit sequence based at least in part on the determined EDC, and
outputting, based at least in part on the error detection, one of: a combination of the first bit

sequence and the second bit sequence or a decoding error.

[0023] An apparatus for wircless communication is described. The apparatus may include
means for determining a first bit sequence corresponding to a {ivst subset of control
information based at least in part on decoding a first polar-encoded codeword, means for
determining an EDC and a second bit sequence corresponding to a second sabset of the
control information based at least in part on decoding a second polar-encoded codeword,

means for performing error detection on the first bit sequence and the second bit sequence
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hased at least in part on the determined EDC, and roeans for outputting, based at least in part
on the ervor detection, one of: a combination of the first bit sequence and the second bit

sequence of a decoding error.

[0024] Another apparatus for wireless communication is described. The apparatas may
include a processor, memory in electronic communication with the processor, and
instructions stored in the memory. The instructions may be operable to cause the processor to
determine a first bit sequence corresponding o a first subset of control information based at
lzast in part on decoding a first polar-encoded codeword, determine an EDC and a second bit
sequence corresponding to a second subset of the control information based at least in part on
decoding a second polar-encoded codeword, perform error detection on the first bit sequence
and the second bit sequence based at least in part on the determined EDC, and ouiput, based
at least in part on the error detection, one of: a combination of the first bit sequence and the

second bif sequence or a decoding error.

[0625] A non-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable medium may include instructions operable
to cause a processor o determine a first bit sequence corresponding to a first subset of conwol
information based at least in part on decoding a first polar-encoded codeword, determine an
EDC and a second bit sequence corresponding to a second subset of the control information
based at least in part on decoding a second polar-encoded codeword, perform error detection
on the first bit sequence and the second bit seguence based at least in part on the determined
EDC, and output, based at least in part on the error detection, one of: a combination of the

first bit sequence and the second bit sequence or a decoding error.

[B026] In some examples of the method, apparatus, and non-transitory computer-readable
medivm described above, decoding the first polar-encoded codeword further corprises:
determining a plurality of candidate paths through a code tree. Some examples of the method,
apparatus, and non-transitory computer-readable medium described above may further
mclude processes, features, means, or instructions for selecting 3 candidate path of the
plurality of candidate paths. Some examples of the method, apparatus, and non-transitory
computer-readable medinm described above may further inclode processes, features, means,
or instructions for obtaining the first bit sequence and a second EDC from the selected
candidate path. Some examples of the method, apparatus, and non-fransitory compuier-

readable medium described above may further include processes, features, means, or
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instructions for determining that the first bit sequence passes error detection based at least in

part on the second EDC.

[00627] In some examples of the method, apparatus, and non-trapsitory computer-readable
mediom described above, decoding the second polar-encoded codeword finther comprises:
setting the first bit sequence as frozen bits in a successive cancellation list (SCL) decoding
algorithrn. Some examples of the method, apparatus, and non-transitory comoputer-readable
medium described above may further include processes, features, means, or instructions for
determining a second plurality of candidate paths through a second code tree based at least in
part on the SCL decoding algorithm. Some examples of the method, apparatus, and non-
transitory computer-readable medium described above may further include processes,
features, means, or instructions for selecting a second candidate path of the second plurality
of candidate paths. Some examples of the method, apparatus, and non-transitory computer-
readable medium described above may further include processes, features, means, or
instructions for obtaining the first hit sequence, the second hit sequence, and the determined

EDC from the second candidate path.

[0028] In some examples of the method, apparatus, and non-trapsitory computer-readable
wedium described above, decoding the second polar-encoded codeword further comprises:

calculating an EDC based at least in part on the first bit sequence and the scecond bit

sequence, wherein performing the ervor detection may be based at least in a comparison of

the calculated EDC and the determined EDC.

[0029] In some examples of the method, apparatus, and non-transitory computer-readable
mediom described above, decoding the second polar-encoded codeword finther comprises:
generating a second plurality of candidate paths through a second code tree based at least in
part on a SCL decoding algorithm. Some examples of the method, apparatus, and non-
transitory computer-readable mediom deseribed above may further include processes,
features, means, or instructions for selecting a second candidate path of the second plurakity
of candidate paths. Some examples of the method, apparatus, and non-fransitory corapuier-
readable medium described above may further include processes, features, means, or
instructions for obtaining the second bit sequence and the determined EDC from the second
candidate path. Some examples of the methed, apparatus, and non-transitory computer-
readable mediun described above may further include processes, features, means, or

instructions for calculating an EDC based at least in part on the first bit sequence and the
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second bit sequence, wherein performing the error detection may be based at leastin a

comparison of the calcuiated EDC and the determinad EDC.

[0030] In some examples of the method, apparatus, and non-transitory computer-readable
mediom described above, decoding the first polar-encoded codeword further comprises:
determining a plurality of candidate paths through a code tree. Some exampies of the method,
apparatus, and non-transitory computer-readable medium described above may further
include processes, features, means, or instructions for selecting a candidate path of the
plurality of candidate paths. Some examples of the method, apparatus, and non-transitory
computer-readable medium described above may further include processes, features, means,
or instructions for obtaining the first bit sequence and a second EDC from the selected
candidate path. Some examples of the method, apparatus, and non-transitory compuier-
readable medium described above may further include processes, features, means, or
instructions for making a decision on early termination of decoding of the second polar-

encoded codeword based at least in part on the second EDC.

10631} In some examples of the method, apparatus, and non-transitory computer-readable
mediom described above, decoding the second polar-encoded codeword finther comprises:
setting the first bit sequence as frozen bits in a SCL decoding algorithm. Some examples of
the method, apparatus, and non-transitory computer-readable medium described above may
further inchude processes, features, means, ot instructions for generating a plurality of
candidate paths through a code tree based at ieast in part on the SCL decoding algorithm.
Some examples of the method, apparatus, and non-transitory computer-readable medium
described above may further include processes, features, means, or instructions for selecting a
candidate path of the plurality of candidate paths. Some examples of the method, apparatus,
aind non-transitory computer-readable medium described above may further include
processes, features, means, or instructions for obtaining the second bit sequence and the
determined EDC from the selected candidate path. Some examples of the method, apparatus,
and non-transitory computer-readable medivm described above may further mnclode
processes, features, means, or instructions for calculating an EDC based at least in part on the
first bit sequence and the second bit sequence, wherein performing the crror detection may be

based at least in a comparison of the calculated EDC and the determined EDC.

106321 In some examples of the method, apparatus, and non-transitory computer-readable

medium described above, decoding the first polar-encoded codeword further corprises:
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determining a plurality of candidate paths through a code tree. Some examples of the method,
apparatus, and non-transitory computer-readable medium described above may further
include processes, features, means, or instructions for selecting a candidate path of the
plurality of candidate paths. Some examples of the method, apparatus, and non-transitory
computer-readable mediam described above may further include processes, features, means,

or instructions for obtaining the first bit sequence from the selected candidate path.

{6033] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, decoding the sccond polar-encoded codeword further comprises:
generating a second plurality of candidate paths through a second code tree based at least in
part on a SCL decoding algorithm. Some exaraples of the method, apparatus, and non-
transitory computer-readable medium described above may further include processes,
features, means, or instructions for selecting a candidate path of the plurality of candidate
paths. Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
obtaining the second bit sequence and the determined EDC from the selected candidate path.
some cxamples of the method, apparatus, and non-transitory computer-readable medium
described above may further include processes, features, means, or instructions for
calculating an ED(C based at least in part on the first bit sequence and the second bit
sequence, wherein performing the error detection may be based at least in a comparison of

the calculated EDC and the determined EDC.
BRIEF DESCRIPTION OF THE DRAWINGS

60334 FIG. 1 tllustrates an example of a system for wireless communication that
suppotts polar codes for uplink control information in accordance with aspecis of the present

disclosure.

10G35] FIG. 2 illustrates an example of 3 wireless cornmunications systern that supports
polar codes for uplink control information in accordance with aspects of the present
disclosure.

10636 FIG. 3 illustrates an cxample of a segmentor that supports polar codes for uplink

control information in accordance with aspects of the present disclosure.
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[0637] FIG. 4 illustrates an example of control information segmentations that support
polar codes for uplink control information in accordance with aspects of the present

disclosure.

[00638] FIG. 5 illustrates an example of a decoder that supports polar codes for uplink

control information in accordance with aspects of the present disclosure.

[6639] FIG. 6 illustrates an example of a code tree that supports polar codes for uplink

control information in accordance with aspects of the present disclosure.

[00640] FIG. 7 illustrates an example of a code tree that supports polar codes for uplink

control information in accordance with aspects of the present disclosure.

[0041] FIG. 8 illustrates an example of conirol information segmentations that support
polar codes for uplink control information in accordance with aspects of the present

disclosure.

[0642] FIG. 9 illustrates an example of a decoder that supports polar codes for uplink

control information in accordance with aspects of the present disclosure.

[0043] FIG. 10 illustrates an example of a segmentor that supports polar codes for uplink

control information in accordance with aspects of the present disclosure.

[00344] FIG. 11 illustrates an example of control information segmentations that support
polar codes for uplink control information in accordance with aspects of the present

disclosure.

[0045] FIG. 12 illustrates an example of a decoder that supports polar codes for uplink

control information in accordance with aspects of the present disclosure.

[60346] FiG. 13 illustrates an exampie of control information segmentations that support
polar codes for uplink control information in accordance with aspects of the present

disclosure.

100647] FIG. 14 illustrates an example of a decoder that supports polar codes for uplink

control information in accordance with aspects of the present disclosure.

[G0348] FIGs. 15 through 17 show block diagrams of a device that supports polar codes

for uplink control information in accordance with aspects of the present disclosure.
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[0049] FIG. 18 iHustrates a block diagram of a system including a base station that
suapports polar codes for uplink control information i accordance with aspects of the present

disclosure.

[00650] FiGs. 19 through 21 show block diagrams of a device that supports polar codes

for uplink control information in accordance with aspects of the present disclosure.

(6651} FIG. 22 illustrates a block diagram of a system including a U that supports polar

codes for uplink control information in accordance with aspects of the present disclosure.

[00652] FlGs. 23 through 26 illustrate methods for polar codes for uplink control

information in accordance with aspects of the present disclosure.

DETAILED DESCRIPTION

100531 The described techniques relate to iraproved methods, systems, devices, or
apparatuses that support polar codes for uplink control information. A polar code may be
composed of multiple sub-channels having different levels of reliability. Sub-channel
reliability may represent a capacity of the sub-channel to carry information as part of the

encoded codeword. Sub-channels of a polar code having higher reliabilities are used to

encode information bits and the remaining sub-channels are used to encode frozen bits. For N
sub-channels, K information bits may be loaded into the K most reliable sub-channels and N-
K frozen bits may be loaded into the N-K least reliable sub-chanuels, where K < N. A frozen
bit is a bit having a known value to a decoder and is generally set as 0", The value of a
frozen bit, however, may be any value as long as the value of the frozen bit is known to the

decoder.

[0054] An encoder may receive information bits for encoding, encode the information
hits using a polar code to generate a codeword, and transmit the codeword via a wireless
communication channel. A decoder may receive the codeword and use a decoding technique
attempting to retrieve the information bits from the codeword. In some cases, Successive
Cancellation List (SCL) decoding may be used for decoding the codeword. In SCL decoding,
a decoder may determine candidate paths through a code tree and, to limit computational
complexity, keep only a Hst size L number of paths thrvough the code tree at each decoding
fevel. A candidate path may also be referred to herein as a decoding path. In an example,

during decoding, a candidate path may be extended at each sub-channel of a code tree
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throvgh hard decision values of ‘0" or ‘1. Extending L candidate paths by one additional bhit
resuits in 2L possible paths. In SCL deceding, a decoder may calculate a path metric for each
candidate path and sclect L paths of the 2L possible paths having the best path metrics. A
path metric may be a sum of costs for transitioning from bit value to bit value along a
candidate path. Adding a bit having a particular value to a candidate path may be associated

with a cost representing a probability of the bit value being correct.

[6635] i some cases, cyclic redundancy check (CRC) aided SCL (CA-SCL) decoding
may be used to improve a detection rate at the expense of increasing a false alarm rate (FAR)
{e.g., the FAR may increase as the list size L increases). In CA-SCL, the decoder may obtain
a bit sequence corresponding to a candidate path, and extract information bits and CRC bits
from the bit sequence. The decoder may apply the same CRC algorithm as applied by an
encoder to the information bits to generate calculated CRC bits. The decoder may compare
the calculated CRC bits with the extracted CRC bits looking for a match. If a match is found,
the decoder determines that the codeword has been property decoded and outputs the
information bits from the bit sequence. If a match is not found, the decoder may check the bit
sequence of a next candidate path. If all candidate paths fail CRC, the decoder may output a

decoding error.

10056 Polar codes may be used for channel coding of uplink control information (UIC)
in new radic (NR) systerns. In NR systems, a maxumum coded block size is defined as 1024
bits for UCH, and a maximum number of UCT bits is 300 bits. Repetition has been proposed
for UCT having a coded block size that is larger than the maximmim coded block size (e.g.,

targer than 1024 bis).

(00357 The examples described herein provide improved performance as compared to
using repetition for UCT having a large coded block size (e.g., exceeding the maxiowim coded
block size). The examples described herein also provide unequal ervor protection (LEP) on
different segmentations of UCI data. In some examples, UCT is separated into subscts based
on priority. A high priority subsct may permit carly decoding, may be encoded using the most
reliable sub-channels of a polar code, may be encoded using an adaptive coding rate, and may
be self-decodable. A low priority subsct may be encoded using less reliable sub-channels of a
polar code, and decoding of the low priority subset may depend on the decoding of the high
priority subsct. Beneficially, the segmentation techniques described herein provide higher

coding gain than conventional techniques that use repetition. In some examples, the gain of
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segrnentation over repetition may be around 0.6 dB because of coding gain from a lower code
rate. The techuiques described herein also beneficially support early termination of decoding

and troproved decoder power efficiency.

[0058] Aspects of the disclosure are initially described in the context of a wireless
communications system. The wireless communications system may gencrate segimentations
to provide differing levels of error protection to subsets of control information. Aspects of the
disclosure are further iHustrated by and described with reference to apparatus diagrams,

system diagrams, and flowcharts that relate to polar codes for uplink control information.

[0059] FIG. 1 illustrates an example of a wireless communications systern 100 in
accordance with various aspects of the present disclosure. The wireless communications
system 100 includes base stations 105, UEs 115, and a core network 130. In some examples,
the wireless communications system 100 may be a Long Term Evolution (ILTE), LTE-
Advanced (LTE-A) network, or a New Radio (NR) network. In some cases, wireless
communications system 100 may support enhanced broadband communications, ultra-
reliable (i.e., mission critical} communications, low latency communications, and

commumcations with low-cost and low-complexity devices.

G060 A transmitter, such as hasc stations 105 and UEs 115, may allocate control
information, such as uplink control information (UCH), into subsets, and generate multiple
segmentations that includes one or more of the subsets of control information. The wansmitter
may polar encode the segmentations to generate codewords and may transmit the codewords
{e.g., via a wived or wireless comnunication channel). A receiver, such as base stations 105
and UHs 115, may receive a signal that inchudes the polar-encoded codewords, and perform
wiltiple list decoding algorithms on the codewords corresponding to the segmentations to
retrieve the subsets of control information from the received codewords. Beneficially,
differing levels of error protection may be applied to the different subsets of control
information and may support carly termination of decoding. In some instances, the base
station 105 may be the transmitter and the UE 115 may be the receiver. In other instances, the
UE 115 may be the transmitter and the base station 105 may be the receiver. In further
instances, a first base station 105 may be the transmitter and a second base station 105 may
be the receiver. In additional instances, a first UE 115 may be the transmitter and a second
UE 115 may be the recciver. Devices other than a base station and a receiver may also be one

or both of the transmitter and receiver.
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[0061] Base stations 105 may wirelessly communicate with UEs 115 via one or more
base station antennas. Each base station 105 may provide communication coverage for a
respective geographic coverage arca 110, Communication links 125 shown in wireless
communications system 100 may include uplink transmuissions fromm a UE 115 to a base
station 105, or downlink transmissions, from a base station 105 to a UE 115, Control
information and data may be multiplexed on an uplink channcel or downlink according to
various techniques. Control information and data may be multiplexed on a downlink channel,
for example, using time division multiplexing (TDM) techniques, frequency division
mudtiplexing (FOM) techniqoes, or hybrid TDM-FDM techniques. In some examples, the
control information transmitted during a transmission time interval (TT1) of 2 downlink
channel may be distributed between different control regions in a cascaded manner (e.g.,

between a common control region and one or more UE-specific control regions).

100621 UEs 115 may be dispersed throughout the wireless communications system 100,
and each UE 115 may be stationary or mobile. A UE 115 may also be referred to as a mobile
station, a subscriber station, a mobile unit, a subscriber unit, a wireless unit, a remote unit, a
mobile device, a wireless device, a wireless communiications device, a remote device, a
mobile subscriber station, 4n access terrpinal, a mobile terminal, a wirveless terminal, a remote
terminal, a handset, a user agent, a mobile client, a client, or some other suitable terminology.
A UE 115 may also be a cellular phone, a personal digital assistant (PDA), a wireless
modem, a wireless communication device, a handheld device, a tablet computer, a laptop
computer, a cordiess phone, a personal electronic device, a handheld device, a personal
computer, a wircless local loop (WLL) station, an Internet of Things (IoT) device, an Internet
of Everything (IoE) device, 2 machine type communication (MTC) device, an appliance, an

agtomobile, or the like.

100631 In some cases, a UE 115 may also be able to communicate directly with other UEs
{e.g., using a peer-to-peer (P2P) or device-to-device {D2D) protocol). One or more of a group
of UBs 115 utilizing D2D communications may be within the coverage area 110 of a cell.
Other UEs 115 in such a group may be outside the coverage area 110 of a cell, or otherwise
unable to receive fransmissions from a base station 105. In some cases, groups of UEs 113
commmumcating via D2D communications may utilize a one-to-many {1:M) system in which
each UE 115 transmits to every other UE 115 in the group. In some cases, a base station 105
facilitates the scheduling of resources for D21 communications. In other cases, D2D

communications are carried out independent of a base station 105.
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[00664] Some UEs 115, such as MTC or IoT devices, may be low cost or fow complexity
devices, and may provide for automated communication between machines, i.e., Machine-to-
Machine (M2M) communication. M2M or MTC may refer to data communication
technologies that allow devices to communicate with one another or a base station without
human intervention. For example, M2M or MTC may refer to communications from devices
that integrate sensors or meters to measure of capture information and relay that information
to a central server or application program that can make use of the information or present the
information to humans interacting with the program or application. Some UBs 113 may be
designed to collect information or enable automated behavior of machines. Examples of
applications for MTC devices include smart metering, inventory monitoring, waler level
monitoring, equipment monitoring, healthcare monitoring, wildlife monitoring, weather and
geological event monitoring, fleet management and tracking, remote security sensing,

physical access control, and transaction-based business charging.

[0065] In some cases, an MTC device may operate using half-duplex (one-way)
communications at a reduced peak rate. MTC devices may also be configured to enter a
power saving “deep sleep” mode when not engaging in active communications. In some
cases, MTC or IoT devices may be designed to support mission critical functions and
wireless communications system may be configured to provide ultra-reliable commumnications

for these functions.

166661 Base stations 105 may commumicate with the core network 130 and with one
another. For example, base stations 105 may interface with the core network 130 through
backhaul links 132 (e.g., S1, etc.). Base stations 105 may communicate with one another over
backhaul links 134 (e.g., X2, etc.} etther directly or indirectly {e.g., through core network
130). Base stations 105 may perform radio configuration and scheduling for communication
with UEs 113, or may operate under the control of a base station controller (not shown). In
some cxamples, base stations 105 may be macro cells, small cells, hot spots, or the like. Base

stations 185 may also be referred 1o as evolved NodeBs (eNBs) 1035,

[0067] A base station 105 may be connected by an 51 interface to the core network 130.

The core network may be an evolved packet core (EPC), which may inchide at least one
wobility management entity (MME), at least one serving gateway (3-GW), and at least one

Packet Data Network (PDN) gateway (P-GW). The MME may be the control node that

processes the signaling between the UE 115 and the EPC. All user Internet Protocol (IP)
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packets may be transferred through the 5-GW, which itself may be connected to the P-GW.
The P-GW may provide IP address aliocation as well as other functions. The P-GW may be
connected to the network operators 1P services. The operators 1P services may include the
Internet, the {ntranet, an IP Multimedia Subsystem (IMS)}, and a Packet-Switched (P8)

Streaming Service.

[0068] The core network 130 may provide user authentication, access authorization,
wacking, Internet Protocol (IF) connectivity, and cther access, routing, or mobility functions.
At least some of the network devices, such as base station 105 may include subcomponents
such as an access network entity, which may be an example of an access node controtler
(ANC). Fach access network entity may comrunicate with a mumber of UHs 115 through a
number of other access network transmission entities, each of which may be an example of a
smart radio head, or a transmission/reception point (TRP). In some configurations, various
functions of each access network entity or base station 103 may be distributed across various
network devices (e.g., radio heads and access network controllers) or consolidated into a

singic network device (e.g., a base station 135).

[0069] Wireless communications system 100 may operate in an ultra-high frequency
(UHF) frequency region using frequency bands from 700 MHz to 2600 MHz (2.6 GHz),
although some networks (e.g., a wireless local area network (WLAN)) may use frequencies
as high as 4 GHz. This region may also be known as the decimeter band, since the
wavelengths range from approximately one decimeter to one meter in length. UHF waves
may propagate mainly by line of sight, and may be blocked by buildings and environmental
featurcs. However, the waves may penctrate walls sufficiently to provide service to UEs 115
tocated indoors. Transmission of UHF waves is characterized by smaller antennas and shorter
range (e.g., fess than 100 km) compared to transmission using the smaller frequencies {and
longer waves) of the high frequency (HF) or very high frequency (VHE) portion of the
spectrum. In some cases, wireless communications system 100 may also utilize extremely
high frequency (EHF) portions of the spectrum (e.g., from 30 GHz to 300 GHz). This region
may also be known as the millimeter band, since the wavelengths range from approximately
one millimeter to one centimeter in length. Thus, EHF antennas may be even smaller and
more closely spaced than UHF antennas. In some cases, this may facilitate use of antenna
arrays within a UE 115 (e.g., for directional beamforming). However, EHFE transmissions
may be subject to cven greater atmospheric attenuation and shorter range than UHF

transissions.
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(06701 Thus, wireless communications systern 100 may support millimeter wave (mmW)
communications between UEs 115 and base stations 105. Devices operating in mmW or EHF
bands may have multiple antennas to allow beamforming. That is, a base station 105 may use
multiple antennas or antenna arrays to conduct beamforming operations for divectional
communtcations with a UE 115. Beamforming (which may also be referred to as spatial
filtering or directional transmission) is a signal processing technique that may be used at a
transmitter (e.g., a base station 105} to shape and/or steer an overall antenna beam in the
direction of a target receiver (e.g., a UE 115). This may be achicved by combining clements
in an antenna array in such a way that transmitted signals at particular angles experience

constructive interference while others experience destructive interference.

[0071] Multiple-input multiple-output (MIMO) wireless systems use a transmission
scheme between a transmitier (¢, g., a base station 105) and a receiver {e.g., a UE 115}, where
hoth transmitter and receiver are equipped with multiple antennas. Some portions of wireless
communications system 100 may use beamforming. For example, base station 105 may have
an antenna array with a number of rows and columns of antenna ports that the basc station
105 may use for bearnforming in #s convnunication with UE 115, Signals may be ransmitied
multiple times in different directions {e.g., cach transmission may be beamformed
differently). A mmW receiver {e.g., a UE 115) may try multiple beams {2.g., antenna

subarrays) while receiving the synchronization signals.

166721 i1 some cases, the antennas of a base station 105 or UE 115 may be located within
one or more antenna arrays, which may support beamforming or MIMO operation. One or
more base station antennas ot anfenna arrays may be collocated at an antenna assembly, such
as ann antenna tower. In some cases, antennas or antenna arrays associated with a base station
165 may be located in diverse geographic locations. A base station 105 may multiple use
antennas or anienna arrays to conduct beamforming operations for divectional

communpications with a UE 115.

[6673] In some cases, wircless communications system 100 may be a packet-based
network that operate according to a layered protocol stack. In the user plane, communications
at the bearer or Packet Data Convergence Protocol (PDCP) layer may be IP-based. A Radio
Link Control (RLC) layer may in some cases perform packet segmentation and reassembly to
communicate over logical channels. A Medium Access Control (MAC) layer may perform

priority handling and multiplexing of logical channels into transport channels. The MAC



WO 2018/201404 PCT/CN2017/083088
18

flayer moay also use Hybrid ARQ (HARQ) to provide retransmission at the MAC layer to
improve link efficiency. In the control plane, the Radio Resource Control (RRC) protocol
layer may provide cstablishment, configuration, and maintenance of an RRC connection
between a UE 115 and a base station 105, network device, or core network 130 sapporting
radio bearers for user plane data. At the Physical (PHY ) layer, ransport channels may be

wapped to physical channcls.

[6074] Time intervals in LTE or NR may be expressed in multiples of a basic time unit
{which may be a sampling period of T, = 1/30,720,000 seconds). Time resources may be
organized according to radio frames of length of 10ms (T = 3072007,), which may be
identified by a system frarme nurober (SEN) ranging from 0 to 1023, Each frame may include
ten 1ms subframes mumbered from 0 to 9. A subframe may be further divided into two Sms
slots, each of which contains 6 or 7 modulation symbol periods (depending on the length of
the cyclic prefix prepended o each symbol). Exchuding the cyclic prefix, each symbol
contains 2048 sample periods. In some cases the subframe may be the smallest scheduling
unit, also known as a TTL In other cases, a TTI may be shorter than a subframe or may be
dynamically selected (e.g., in short TT1 bursts or in sclected component carriers using short

TTIs).

1060751 A resource elerent may cousist of one symbol period and one subcarrier (e.g., 2
15 KHz frequency range). A resource block may contain 12 consecutive subcarriers in the
frequency domain and, for a normal cyclic prefix in each OFDM symbol, 7 consecutive
OFDM symbols in the time domain (1 slot), or 84 resource clements. The number of bits
carried by each resource clement may depend on the modulation scheme (the configuration of
symbols that may be selected during each symbol period). Thus, the more resource blocks

that a UE receives and the higher the modulation scheme, the higher the data rate may be.

[0676] Wireless communications system 100 roay sapport operation on multiple cells or
carriers, a feature which may be referred to as carrier aggregation (CA) or muiti-carrier
operation. A carrier may also be referred to as a component carrier (CC), a layer, a channel,

55 G,

etc. The terms “carrier,” “component carrier,” “cell,” and “channel” may be used
interchangeably herein. A UE 115 may be configured with multiple downlink CCs and one or
rore uplink CCs for carrier aggregation. Carricr aggregation may be used with both FDD

and TDD component carriers.
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(06771 In some cases, wireless communications system 100 may utilize enhanced
component carriers (eCCs). An e’C may be characterized by one or more features including:
wider handwidth, shorter symbol duration, shorter TTls, and modified control channel
configuration. In some cases, an eCC may be associated with a carrier aggregation
configuration or a dual connectivity configuration (2. g., when multiple serving cells have a
suboptimal or non-ideal backhaul link). An eCC may also be configured for use in unlicensed
spectrum o shared spectrum (where more than one operator is allowed fo use the spectrum),
An eCC characterized by wide bandwidth may include one or more segments that may be
ptilized by UEs 115 that ave not capable of monitoring the whole bandwidth or prefer touse a

limited bandwidth {e.g., to conserve power).

[0678] In some cases, an ¢CC may utilize a different symbol duration than other CCs,
which may include use of a reduced symbol duration as compared with symbol durations of
the other CCs. A shorter symbol duration is associated with increased subcarvier spacing. A
device, such as a UE 115 or base station 105, utilizing eCCs may transmit wideband signals
{e.g., 20, 40, 60, 80 MHz, eic.) at reduced symbol durations (e.g., 16.67 microscconds). A
TTE in eCC may consist of one or multiple symbols. In some cases, the TTI duration (that is,

the number of symbols in a TTH may be variable.

106791 A shared radio frequency spectrurn band may be utilized in an NR shared
spectrum syster. For example, an NR shared spectrum may utifize any combination of
licensed, shared, and unlicensed spectrums, among others. The flexibility of eCC symbol
duration and subcarrier spacing may allow for the use of ¢CC across multiple spectrums. In
some cxamples, NR shared spectrum may increase spectrum utilization and spectral
efficiency, specifically through dynamic vertical {e.g., across frequency) and horizontal {e.g.,

across time) sharing of resources.

[0680] In some cases, wireless system 100 roay utibize both licensed and unlicensed radio
frequency spectrum bands. For example, wireless system 100 may employ LTE License
Assisted Access (LTE-LAA) or LTE Unlicensed (L TE U) radio access technology or NR
technology in an unlicensed band such as the 5Ghz Industrial, Scientific, and Medical (ISM)
band. When operating in unlicensed radio frequency spectrum bands, wireless devices such
as base stations 105 and UEs 115 may employ listen-before-taltk (LBT} procedures to ensure
the channel is clear before transmitting data. In some cases, operations in unlicensed bands

may be based on a CA configuration in conjunction with CCs operating in a licensed band.



WO 2018/201404 PCT/CN2017/083088
20

Operations in unlicensed spectrum may include downlink transmissions, aplink
transissions, or both. Duplexing in unlicensed spectrum may be based on frequency

division duplexing (FDID), time division duplexing (TDD) or a combination of both.

[0081] The wireless communications system 100 may allocate subsets of control
information into ditferent segmentations and apply differing levels of error protection to the
segmentations. A polar encoder may separately encode the different segmentations to
generate codewords for wansmssion. The codewords may be separately decoded and
decoding of a first codeword may be used for making an carly termination determination

when decoding a second codeword.

[30382] FiG. 2 illustrates an cxample of a wireless communications system 206 that
supports polar codes for uplink control information in accordance with various aspects of the
present disclosure. In some exarnples, wireless communications system 200 may iroplement
aspects of wireless communications system 100. Wireless communications system 200 may
include a base station 105-a and a UE 115-a. Base station 105-a is an cxample of base station

105 of FIG. 1, and user equipment 115-3 is an example of user equipment 115 of FIG. L

[G3083] Base station 105-a may generate control information segmentations and polar
encode the control information segmentations into codewords that are ransmitted to UE 115-
a4, to a different base station, or to other device, via a wireless comunmnication channel 225, In
other examples, user equipment 115-a may generate control information segmentations and
polar encode the control information segmentations for transmission to base station 105-a,
another UE, or other device, using these same techniques. Moreover, devices other than base

station 105-a and user equipment 115-a may use the techniques described herein.

[0084] in the depicted example, base station 105-a may include a data source 205, a
segmentor 210, a polar encoder 213, and a modulator 220. The data source Z03 may provide
control information to be encoded and transmitted to the UE 115-a. The control information
may be a sequence of bits and may include one or more of acknowledgement (ACK) data,
negative acknowledgement (NACK) data, rank index (R} data, precode matrix index (PMI)
data, channel quality indicator (CQI) data, or the like, or any combination thereof. The data
source 205 may be coupled to a network, a storage device, or the like. The data source 205

may output the control information to the segmentor 210,

[00G85] The segmentor 210 may generate control information segmentations hased on the

control information. A segmentation may include onc or more subsets of the control



WO 2018/201404 PCT/CN2017/083088
21

information and reflect a particolar bit arrangement of the subset(s) of the control information
provided to a polar encoder. For example, the first segmentation may include ACK/NACK
data, RI data, PMI data, and the second scgmentation may include CQljdata. The
segmentations may provide differing levels of ervor protection to the one or more subsets of
the control information. The bit order of the segmentations may reflect into which sub-
channel of a polar code a particular bit is loaded for polar encoding. Each sub-channel of a
polar code may have a reliability relative to other sub-channels of the polar code, with some
sub-channels being more reliable and others being less reliable. Additional aspects of the
control information segmentations are described below with reference to FIGs. 3-14. The
segmentor 210 may ouiput muliiple control information segmentations to the polar encoder

215 for encoding using a polar code.

[0086] The polar encoder 215 may polar encode a first control information scgmentation
to generate a first polar-encoded codeword and may polar encode a second control
information segmentation to generate a second polar-encoded codeword. The polar encoder
215 may output the first and second polar-encoded codewords to the modulator 220. The
modulator 220 may modulate the first and second polar-encoded codewords for transmission
via wireless communication channel 225 which may distort the signal carrying the polar-

encoded codeword with noise.

[0087] The UE 115-a may receive a signal that includes the polar-encoded codewords. In
an example, the UE 115-a may include a demodulator 238, a decoder 2353, and a data sink
240. The demodulator 230 may receive at least one signal including the first and second
polar-encoded codewords and input the demodulated at least one signal into decoder 235 for
decoding of the polar-encoded codewords. The demodulated signal(s) may be, for example, a
sequence of logarithmic-likelihood ratio (LLR) values representing a probability value of a
recetved bit being a "0 or a *1’. The decoder 235 may perform a list decoding algorithm on
the LLR values {e.g., CA-5CL decoding, SCL decoding,) and may provide an output. If
successfully able to decode the first and second polar-encoded codewords, the decoder 233
may output bit sequence(s) of the subsets of the control information (e.g., the UCH) to a data
sink 250 for use, storage, communication to another device (e.g., fransmission via a wired or
wireless communication channel), comnmnication via a network, or the like. Otherwise, the
decoder 235 may indicate that decoding was unsuccessful. As noted above, while the
example of FIG. 2 describes the base station 105-a performing the encoding and user

equiproent 115-a performing the decoding, the roles may be reversed. Moreover, devices
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other than the base station 105-a and the user equipment 115-a may perform the encoding and

decoding.
o

[0088] FIG. 3 illustrates an example diagram 300 of a segmentor 210-a that supports
polar codes for uplink control information in accordance with various aspects of the present
disclosure. In some examples, segmentor 210-2 may implement aspects of segmentor 210,
The segmentor 210-a may receive control information and may generate segmentations from
the control information that are output to the polar encoder 215. In an example, the segmentor
210-a may include a data allocator 303, a first ervor detecting code (ED{C) encoder 310-a, and
a second EDC encoder 310-b. The data allocator 305 may allocate control information into at
least two subsets. In an example, the control information may be allocated based on priority,
such as into a high priority (HP) subset and low priority (HP) subset. Two or more subsets
1ay be defined. A priority level may reflect the amount of error protection provided to a
subset, with a higher priority subset receiving higher error protection as compared to a lower
priority subset. In an example, the high priority subset may include ACK/NACK data, RI
data, PMI data, or the like. The low priority subset may include CQI data. The data allocator
305 may output the HP data to the first EDC encoder 310-a and the second EDC encoder
310-b. The data allocator 305 may output the LP data to the second EDC encoder 310-b. The
HP data may be a bit sequence, and the LP data may be a bit sequence. In some examples, the

first and second EDC encoders may a single device, processor, or the like.

{00689 The first EDC encoder 310-a may separately encode the HP data with a flexible
code rate to achieve a specified performance and to allow early decoding of the HP data
(relative to the LP data) to improve decoder performance. In an example, the first EDC
encoder 310-a may apply an error detecting algorithm to the HP data to generaie a first EDC.
The first EBC may be a bit sequence to enable the UE 115-a to detect an ervor in transmission
of the HP data due to, for example, corruption caused by noise in a wireless comnumnication
channel 225. in an example, the EDC algorithm rmoay be a cyclic redundancy check (CRC)
algorithm and the first EDC may be a CRC. The first EDC encoder 310-a may output a first
segmentation including the first EDC to the polar encoder 215 for encoding using a polar

code.

[G0G90] The second EDC encoder 310-b may jointly encode the HP data and the LP data
to generate a single EDC that applies to both of the HP data and the LP data. The sccond

EDC may be a bit sequence to enable the UE 115-a to detect an ervor in transmission of the
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HP data, the LP data, or both, due to, for example, cormuption caused by noise i a wireless
communication channel 223, Joint encoding may refer to the ability to detect an error in the
HP data, the LP data, or both. In an exaraple, the second EDC encoder 310-b may apply an
error detecting algorithm to the HP data and to the LP data to generate a second EDC. The
second EDC encoder 310-b may output a second segmentation including the second EDC to

the polar cncoder 215 for encoding using a polar code.

(60691} FIG. 4 illustrates an example diagram of control information segmentations 400-
a, 400-b that support polar codes for uplink control information in accordance with various
aspects of the present disclosure, First segmentation 400-a may include frozen bits 405-a, HP
bits 410, and first EDC bits 415-a. The HP bits 410 may be the bits of the HP data output by
the data allocator 305. The first EDC bits 415-a may be the bits of the first EDC generated by
the EDC encoder 310-a. The frozen bits 405-a may be bits set to a defined value(s) that are
known by each of the transmitter and receiver {e.g., each of base station 103-a and UE 115-
a), and the number of frozen bits 405-a may be known by each of the transiitter and
receiver. Each of the transmitter and receiver may also know into which sub-channels within
the polar code are loaded with the frozen bits 405-a. The first EDC encoder 310-a may add
the frozen bits 405-a to the HF bits 410 and the first EDC bits 415-a to generate the first
segmentation 400-a, or the polar encoder 215 may add the frozen bits 403-a to the HP bits

410 and the first EDC bits 415-a to generate the first segmentation 400-a.

[60692] The first segmentation 400-a may be loaded into sub-channels of a polar code
based on the reliability of cach sub-channel relative to the other sub-channels. In the depicted
cxample, first segmentation 40(-a is a bit sequence of length N where N is a positive integer.
In an example, N = 1024. Dashes underneath the first segmentation 40{-a correspond to sub-
channels in which the respective bits are to be loaded, with the least reliable sub-channel
heing on the left and the most reliable sub-channel being on the right. From left to right, cach
sub-chamnel may be at least as reliable or more reliable than a preceding sub-channel. In an
example, the first segmentation 400-a may include p frozen bits 405-a, g HP bits 410, and r
first EDC bits, where cach of p. g, and 7 is an integer less than M. In the depicted exampie, the
frozen bits 405-a are loaded into the least reliable sub-channels, the HP bits 410 are loaded
into the next most reliable sub-channels, and the first EDC bits 415-3 are loaded into the most

reliable sub-channels of the polar code.
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[0693] Second segmentation 400-b may include frozen bits 405-b, HP bits 410, LP bits
420, and second EDC bits 415-b. The HP bits 410 may be the bits of the HP data output by
the data allocator 305, and may be the same 3s in the first segmentation 400-a. The LP bits
420 may be the bits of the LP data output by the data allocator 305. The second EDC bits
415-b may be the bits of the second EDC generated by the second EDC encoder 310-b. The
frozen bits 405-b may be bits set to a defined value that are known by each of the transmitter
and receiver (e.g., each of base station 105-a and UE 115-a), and the number of and sub-
channel location of the frozen bits 405-a within the polar code may be known by each of the
wansmitter and receiver. Similar to the first segmentation 400-a, bits of the second
segmentation 400-b may be loaded into sub-channels of a polar code based on the reliability
of cach sub-channel relative to the other sub-channels. In an example, the second
segmentation 400-b may include s frozen bits 405-b, g HP bits 410, ¢ LP bits 420, and u first
EDC bits 415-b, where each of 5. g, ¢, and « is less than N. In an cxample, N =1024 bits, and
the sum of ¢ and ¢ is less than or equal to 500 bits, In the depicted example, the frozen bits
485-b are loaded into the least reliable sub-channels, the HP bits 410 are loaded into the next
least reliable sub-channels, the LP bits 420 are loaded into the next most reliable sub-
channels, and the seccond EDC bits 415-b are loaded into the most reliable sub-channels of the

polar code.

{3094] In some examples, the bit-Iength of the first and second EDCs 415-a, 415-b may
differ and each of the EDCs 415 may be used for decoding, detection, or both. In an example,
the first EDC 415-a may be used for decoding the HP bits 410 while the second EDC 415-b
may be used jointly for both decoding and detection of the HP bits 410 and the LP bits 420.
In an cxample, the bit length of the first EDC 415-a may be 8 bits and the bit length of the
second EDC 415-b may be 11 bits. The longer length of the second EDC 415-bh may be used
for both decoding and detection by the UE 115-a. The segmentor 210-a may provide the first
and second segmentations 430-a, 400-b, to the polar encoder 215 (see FIG. 2). The polar
encoder 215 may respectively load the N bits of the first segmentation 400-a into N sub-
channels of a polar code for polar encoding and output a first codeword of length N. The
polar encoder 215 may similarly load N bits of the second segmentation 400-b into N sub-
channels of a polar code for polar encoding and output a second codeword of length N. The
polar encoder 215 may output the first and second codewords to the modulator 220 for

transmission to the UE 115-a.
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[0695] The UE 115-a may receive at least one signal that includes the first and second
codewords and a decoder of the UE 115-a may attempt to retrieve the control information
from the received codewords. FEG. 5 illustrates an example diagram 500 of a decoder 235-a
that supports polar codes for uplink control information in accordance with various aspects of
the present disclosure. In some examples, decoder 2353-a may implement aspects of decoder
235. The decoder 235-a may implement a two-stage decoding process. In a first stage, the
decoder 235-3 attempts to decode a signal including a codeword generated from the first
segmentation 400-a. I unable to successfully decode the first segmentation 400-4, the
decoder 235-a terminates the decoding process and does not attempt to decode the second
segmentation 400-b in a second stage. If successfully able to decode the first segmentation
400-a, the decoder 235-a may set the HF bits of the first segmentation 400-a as frozen bifs
and then attempt to decode a signal including a codeword generated from the second

segmentation 400-b in a second decoding stage.

[0096] in an example, the decoder 235-a may include a first list decoder 505-a, a first
error detector 510-a, a second list decoder 505-b, and a second error detector 510-b. The first
tist decoder 305-2 may perform a successive cancellation list (SCL) decoding algorithin that
searches for candidate paths through a code tree for decoding a recetved polar-encoded
codeword. To do so, the first list decoder 505-a may determine a list size L of candidate paths
through the code tree and select one or more bit sequences of length N corresponding to the L
candidate paths that are output to the first ervor detector 510-a for error detection. The first
list decoder 505-a may obtain a first bit sequence and an EDC from the selected candidate
path, and the first error detector 510-3 may determine whether the first bit sequence passes

error detection based at least in part on the EDC.

[00697] FIG. 6 llustrates an example of a code tree 600 that supports polar codes for
uplink control information in accordance with various aspects of the present disclosure. Code
tree 600 is a graphical representation of how list decoder 505-a performs the list decoding
process. The code tree 600 includes nultiple nodes 605 and a line between pairs of nodes is
referred to herein as a branch 650 {e. 2., branch 650-a connects node 6(5-a to node 6{(5-b, and
branch 630-b connects node 605-a to node 605-1). Each branch 650 is associated with a
possibie value for a bit, which may be a ‘1 or a ‘0’. Branch 650-a is associated with a bit
being a ‘0, and branch 650-b is associated with the bit being a “1’. Each branch 650 is also
associated with a value for a metric. The metric value may represent a cost for proceeding

from one node to the next. The metric may be, for example, a distance metric (e.g., LLR
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converted to a distance} or a probability metric (e.g., LLR, etc.). The metric may represent a
likelihood of moving from one node to the next based on whether the next bit in the sequence

isa 1 or a 0. In some mnstances, the meiric may represent a distance value between nodes.

[0098] A list decoder 505-a may process demapped symbols output by the demodulator
230 and determine the probability {e.g., LLR value) of whether bits corresponding to the
demapped symbols are ‘0s” or *1s’. The determination of the probability of whethera
particular bit value is a ‘0" or a *1” may also be a function of prior decoding decisions. This

process is reflected in the code tree 600,

[0099] The list decoder 505-a may initially begin at node 605-a and process the LLR
values to determine along which branch to procced. At node 605-a, the list decoder 505-a
may determine the likelihood of whethera LLR value is a ‘0" ora '1’, and hence may
proceed to either node 603-b or node 6035-1. Node 603-b may be associated with the first bit
being a ‘0’, and node 605-1 may be associated with the first bit being a *1’. Each branch 650-
a, 650-b is associated with a value for a metric and the list decoder 505-a accunwlates the
metric values as it raverses branches 650 in the code trec 600 to generate a path metric.
Accumulation to form the path metric may be determined at the node level and may involve,
for example, adding the metric value of each branch along a path. A path may refer to a
particular route between nodes 605 through the code tree 600. The list decoder 505-a sclects

which of the paths is the best using path metrics.

101006] In some instances, the list decoder 535-a may maintain a respective path metric
for every possible path through code tree 600. Retaining path metrics for all possible paths
may be computationally expensive and, in other instances, the list decoder 505-a may use the
path metrics to prune selected paths. For example, the list decoder 505-a may have a list size
L. that limits the number of paths that are maintained at each level of the code tree. To do so,
the list decoder 505-a may maintain up to L candidate paths at cach level, and discard the
remaining candidate paths. In an example, FIG. 6 depicts level 0 to level 3. I L = 4, the list
decoder 5(5-a may maintain up to 4 paths at cach level, and may discard any additional
paths. Atlevel 1, there are two possible paths {(e.g., node 605-a to node 605-b, and node 603-
a to node 605-1), and hence the list decoder 503-a may maintain both paths. At level 2, there
are four possible paths {e.g., node 605-a to node 605-b to node 605-¢, node 65-2 to node
605-b to node 605-1, node 605-a to node 605-1 to node 603-], and node 605-a to node 605-i to

node 603-my), and hence the list decoder 505-a may maintain all 4 paths. At level three, there
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are § possible paths, and hence the list decoder 505-a may maintain 4 of the 8 paths. At each

tevel five has 32 possible paths, and so forth}, and the list decoder 505-a2 may maintain 4 of

the paths.

101011 To decode a next bit, the list decoder 505-a may extend L candidate paths from
one level to the next to identify 2L possible candidate paths. FI1G. 7 illastrates an example of
a code tree 700 that supports polar codes for uplink control information in accordance with
various aspects of the present disclosure. As shown, the list decoder 505-a is extending the
paths 710 from the nodes at level 2 to the nodes at level 3. As depicted, path 710-a includes
node 605-a, 605-b, and 605-¢, and may be extended to either node 605-d or 605-¢. Path 710-b
includes node 605-a, 605-b, and 605-f, and may be extended to either node 605-g or 605-h.
Path 710-c includes node 605-a, 603-1, and 605-1, and may be extended to cither node 605-k
or 605-1. Path 710-d includes node 605-a, 605-1, and 605-m, and may be extended to either

node 6{5-n or 6{5-0.

[6102] The list decoder 505-a may select a first subset of the extended set of candidate
paths according to a first path selection criterion. In an example, the path selection criterion
1ay be a path metric, and the list decoder 503-a may retain L paths of the 2L possible paths
having the best path metrics, The list decoder 505-a may use the path metrics, which are
accumulated metric values, for determining which paths to keep {e.g., minimum accomulated
distance, highest accumulated probability, efc.). For example, with reference to FIG. 7, the
list decoder 505-2 may add a metric value for the branch proceeding from node 605-¢ to node
605-d to an accumulated value for path 710-a to determine a path metric to extend path 710-a
to node 605-d. The list decoder 505-a may make a similar determination for extending all of
the paths 710 to any of the nodes in level 3. In this example, the list decoder 305-a may have
8 possible paths to the nodes in level 3 and determine a path meiric for each of the 8 possible
paths. Because L = 4, the list decoder 505-a may select 4 of the 8 paths that have the best path
metric (2. g., minimnum accumlated distance, highest accunnglated probability, efc). For
cxamyple, the fist decoder 505-a determine, based on the path metrics, that the 4 best of the
extended candidate paths are extending candidate path 710-a to node 605-d, extending
candidate path 710-b to node 605-g, extending candidate path 710-c to node 605-1, and

extending candidate path 710-d to node 603-n.
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[0103] During decoding to the first polar-encoded codeword, the list decoder 505-a may
determine a list size L of candidate paths where each of the L candidate paths through the
code tree 700 corresponds to a bit sequence of length N, The list decoder 505-a may extracta
N bit sequence bits from each of the candidate paths (e.g., p frozen bits 405-a, g HP bits 410-
a, and r first EDC bits 415-a). The list decoder 505 may be aware of the locations of the
frozen bits within each of the candidate paths and may not include the values of the frozen
hits in the extracted bit sequences. The list decoder 505-a may output each bif sequence to the
first ervor detector 510-a for ervor detection. The list decoder 505-a also may cutput an order
in which to check the bif sequences based on a path metric of corresponding candidate paths,
such that a bit sequence corresponding to the best path metric is checked first, followed by a
bit sequence cotresponding to the next best path metric is checked second, and so forth until a

bit sequence corresponding to the worst path metric is checked last.

101041 The first error detector 510-a may perform an error detecting algorithm for
determining whether any of the bit sequences passes EDC (e.g., a CRC algorithm). As
described above, the first polar-encoded codeword may be generated by polar encoding first
segmentation 400-a that includes HP bits 410 and EDC bits 415-a. If the bit sequence
obtained from a selected candidate path is the same as the bit sequence of the first
segmentation 400-a, the first error detector 510-a should be able to parse the bit sequence to
extract the HP bits 410 and the first EDC bits 415-a. The first error detector 510-a may then
generate a calculated EDC using the extracted HP bits 410 by applying the same algorithm to
the HP bits 410 as applied by the EDC encoder 310-a. If the calculated EDC is the same as
the extracted EDC, the first error detector 510-a determines that it was able to successfully
able to decode the first polar-cncoded codeword and ocutputs the bit sequence of the HP bits

410 with or without the first EDC bits 415-a.

(61957 if the calculated and extracted EDCs are not the same, the first error detector 510-
a indicates a decoding fatlure for that bit sequence. The first ervor detector 510-a checks a bit
sequence associated with a next highest path metric to see if that bit sequence passes error
detection. The first error detector 5310-a thus proceeds from bit sequence to hit sequence until
one of the bit sequences passes or all fail. If alf paths have been checked, the first error
detector 510-a indicates a decoding failure and does not attempt to decode a signal including
the second polar-encoded codeword generated from the second segmentation 400-b. This
technique beneficially improves power efficiency of the UE 115-a by supporting carly

termination of decoding if the UE 115-a is unable to successfully decode the signal of the
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first segmentation. Thus, the UE 115-a may skip atterapting to decode the signal of the

second segmentation if unable to successfully decode the first segmentation.

[0106] If decoding of the first segroentation 400-a s successful, the first ervor detector
510-a may output the HP bits 418 to the second list decoder 5035-b. The second list decoder
505-b may set the HP bits 410 as frozen bits. The second list decoder 505-b may also process
a signal inchiding the second polar-encoded codeword generated from the second
segmentation 400-b. The second list decoder 505-b may attempt to decode the second
segmentation 400-b from the signal. Similar to the operation of the first list decoder 505-a
discussed with reference to FIGs. 6-7, the second list decoder 505-b may perform a path
search algorithm to search a code tree for decoding the signal including the second polar-
encoded codeword. To do so, the second list decoder 505-b may determine a list size L of
candidate paths through the code tree and sclect one or more bit sequences corresponding to
the L. candidate paths to the second error detector 510-b for error detection. The second list
decoder 505-b may use the HP bits 410 set as frozen bits for caiculating the path metrics of
the respective candidate paths, and may assiga a penalty to paths where a bit valuc at a
particular node along a candidate path differs from the value of a HP bhit 410 sct as a frozen

bit.

101671 The second list decoder 305-b may extract a bit sequence of length NV from each of
the candidate paths for output to the second error detector 510-b. The second ervor detector
510-b may iteratively perform an ervor detection algorithm on the bit sequences in an order
based on path metrics for each path. The second ervor detector 51{-a may perform an error
detecting algorithm for determining whether any of the bit sequences passes EDC (e.g., a
CRC algorithm). As described above, the second polar-encoded codeword may be generated
by polar encoding second segmentation 400-b that includes HP bits 418, LP bits 420, and
second EDC bits 415-b. If the bit sequence obtained from a selected candidate path is the
same as the bit sequence of the second segmentation 400-b, the second error detector 510-b
should be able to parse the bit sequence to extract the HP bits 4190, the LP bits 420, and the
second EDC bits 415-b. The second error detector 310-b may then generate a calculated EDC
using the extracted HP bits 410 and the extracted LP bits 420 by applying the same algoritho
to the HP bits 410 and the LP bits 420 as applied by the second EDC encoder 310-b. If the
calculated EDC is the same as the extracted EDC, the second error detector 510-d determines

that it was able to successfully able to decode the second polar-cncoded codeword and
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outputs the bit sequence of the HP bits 410 and the LP bits 420 with or without the second
EDC bits 415-b.

[0108] if the calcuolated and extracted EDCs are not the same, the second error detector
510-b indicates a decoding failure for that bit sequence. The second error detector 510-b
checks a bit sequence associated with a next highest path metric to see if that bit sequence
passes error detection. The second ervor detector 310-b thus proceeds from bit sequence to bit
sequence until one of the bit sequences passes or all fail. I all paths have been checked, the

second error detector 510-b indicates a decoding failure.

[0109] The benefits described herein may be achicved for segmentations in other
arrangements. FIG. § illustrates an example diagram of conirol information segmentations
800-a, 800-b that support polar codes for uplink control information in accordance with
various aspects of the present disclosure. The segmentor 210-a of FIG. 3 may be used to
generate the first and second segmentations 800-a, 800-b. The first segmentation 800-a may
be the same as or similar to the first segmentation 400-a2. As depicted, the first segmentation

800-2 may include frozen bits 405-a, HP bits 410, and first EDC bits 415-a.

101197 The second segmentation 300-a may include the frozen bits 405-b, the LP bits
420, and the second EDC bits 415-b, but not the HP bits 410. The LP bits 420 may be the hits
of the LP data cutput by the data allocator 305. The second EDC bits 415-b may be the bits of
the second EDC generated by the second EDC encoder 310-b. The frozen bits 405-b may be
bits set to a defined value that are known by cach of the transmitter and receiver {(e.g., cach of
base station 103-a and UE 115-2), and the number of and sub-channel location of the frozen
bits 405-a may be known by each of the transmitter and receiver. Similar to the {ivst and
second segmentations 400-a, 400-b, bits of the first and second segmentations 800-a, 800-b
may be loaded into sub-channels of a polar code based on the reliability of cach sub-channel
relative to the other sub-channels. With reference to FIG. 2, the polar encoder 215 may
respectively load the N bits of the first segmentation 80{-a into N sub-channels of a polar
code for polar encoding and output a first codeword of length N. The polar encoder 215 may
similarly load N bits of the second segmentation §800-b into N sub-channels of a polar code
for polar encoding and output a second codeword of length N. The polar encoder 215 may

output the first and second codewords to the modulator 220 for transmission to the UE 115-a.

(6111} The UE 115-a may receive at least one signal that includes the first and second

codewords and a decoder of the UE 115-a may attempt to retrieve the control information
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from the received codewords. FEG. 9 illustrates an example diagram 900 of a decoder 235-b
that supports polar codes for uplink control information in accordance with various aspects of
the present disclosure. In some examples, decoder 235-b may implement aspects of decoder
235, A fusst list decoder 905-a of decoder 235-b may perform a path search algorithm, as
described above in FIGs. 6-7, to search a code tree for decoding the received first polar-
encoded codeword generated from the first segmentation 800-a. The first list decoder 905-a
may determine a list size L of candidate paths through the code tree and output bit sequences
corresponding to the L candidate patbs to the first ervor detector 510-a for error detection. A
first error detector 910-a may itcratively perform an error detection algorithm on the bit
sequences in an order based on path metrics for cach path. The first error detector 910-a may
stop as soon as one of the bit sequences passes the ervor detection algorithm, or all of the bit
sequences have been checked and none passed the ervor detection algorithm. If a bit sequence
passes error detection, the first error detector 910-a may output the bit sequence as the HP
hits 410 from the first segmentation 800-a to the second error detector 210-b. The decoder
235-b thus differs from decoder 235-a by having the {irst error detector 910-a output the BP
bits 410 to the second error detector 910-b instead of to a second list decoder 905-b, and

hence the second list decoder 905-b does not set the HP bits 410 as frozen bits.

[0112] The second list decoder 905-b may perform a path search algorithm, as described
above in FIGs. 6-7, to search a code tree for decoding the received second polar-encoded
codeword generated from the second segmeuntation 800-b. In some examples, the first and
second list decoders 903-a, 905-b may operate simultaneously. The second list decoder 903-b
may determine a list size L of candidate paths through the code tree and output bit sequences
corresponding to the L candidate paths to the second error detector 910-b for error detection.
The second ervor detector 910-b may iteratively perform an error detection algorithm on the
bit sequences in an order based on path metrics for each path. As noted above, the second
EDC bits 415-b are generated by jointly encoding the HP bits 410 and the LP bits 420. To
perform error detection, the sccond ervor detector 910-b extracts bit sequences corresponding
w the L candidate paths attempting to identify a bit sequence that is the same as the LP bits

420.

[0113] i a first bit sequence received from the fiest ervor detector 910-a is the same as the
HP bits 420, and if a second bit sequence obtained by the second list decoder 905-b from a
selected candidate path is the same as the bit sequence of the second segmentation 800-b, the

second error detector 910-b should be able to extract the LP hits 420 and the second EDC bits
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415-b from the second segmentation 800-b. The second error detector 910-b muay then
calculate an EDC using the HP bits 410 output by the first error detector 910-a and the
extracted LP bits 420 from comparison with the extracted EDC. If the calculated EDC is the
same as the extracted EDC, the second error detector 910-b determunes that it was able to
successfully able to decode the first and second polar-encoded codewords and outputs the HP

bits 410 and the LP bits 420 with or without the EDC bits 415-a or 415-b.

{3114} If the calculated and received EDCs are not the same, the second error detector
©10-b indicates a decoding failure for the second bit sequence associated with the selected
candidate path. The second error detector 910-b then checks a next candidate path associated
with a next highest path metric to see if a bit sequence of the next candidate path is able to
pass error detection. The second ervor detector 910-b thus proceeds from bit sequence to bit
sequence until one of the bit sequences passes (e.g., due to the bit sequence being the same as
second segmentation 800-b) or all fail. {f all paths have been checked, the second error

detector 310-b indicates a decoding failure for the first and second codewords.

10115] In some exaroples, an EDC may not be included in the first segmentation. FIG, 18
ilfustrates an example diagram 1000 of a segmentor 210-b that supports polar codes for
uplink control information in accordance with various aspects of the present disclosure. In
some cxamples, segmentor 210-b may implement aspects of segmentor 210. The segmentor
210-b may receive control information and may generate segmentations from the control
information that are output to the polar encoder 215. In an example, the segmentor 210-b may
include a data allocator 305-a, 2 hybrid Reed-Muller (RM) Polar encoder 1065, and an EDC
encoder 310-¢. The data allocator 305-2 may allocate data into at least two subsets, in the
same or similar as the data allocator 385 described in FIG. 3. The hybrid RM Polar encoder
9605 may encode the HP data to generate a hybrid RM-Polar code that includes RM-Polar
encoded HP data using the below process that is a hybrid of polar and RM encoding. In an
example, the RM Polar encoder 1005 may obtain a generator matrix (e.g., Hadamard matrix)
according to a coded block size, and determine a hamming distance {(e.g., determine a
maximum hamming distance) such that the number of rows of the matrix whose weight is not
less than the hamming distance is larger than the bit length of the HP bits. The hybrid RM
Polar encoder 1005 may select rows from the generator matrix {(e.g., find the best rows) from
the rows whose weight is not less than the hamming distance according to the reliability of

cach sub-channel, and map bits of the HP data to the sclected rows.
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[0116] Becanse RM Polar encoding has better performance than polar encoding, the
segmentor 210-b may not include an EDC in the first segmentation. In some examples, the
gain of RM Polar codes over polar codes may be 0.5 dB because of coding gain from a lower
code rate. The RM Polar encoder 1003 may output a first segmentation including the RM-
encoded HP data to the polar encoder 215 for polar encoding. As above, the EDC encoder
310-c may jointly encode the HP data and the LP data to generate a single EDC that applies
to both of the HP data and the LP data. The EDC encoder 310-¢ may output a second
segrentation including the EDC to the polar encoder 215 for encoding using a polar code.

Examples of the first and second segmentations are described below.

[0117] FIG. 11 illustrates an example of control information segmentations 1100-a,
1100-b that support polar codes for uplink control information in accordance with various
aspects of the present disclosure. The segmentor 210-b of FIG. 18 may generate the control
information segmentations 1100-a, 1100-b. First segmentation 1100-a may inclade frozen
bits 1105-a and RM Polar HP bits 1110. The RM Polar HP bits 1110 may be the bits of the
RM Polar encoded HP data output by the RM polar encoder 1005, The frozen bits 1105-a
may be bits sct to a defined value that are known by cach of the transmitter and receiver (e.g.,
each of base station 105-a and UE 115-a), and the mumber of and sub-channel location of the
frozen bits 1105-a within the polar code may be known by each of the wansmitter and

receiver.

[6118] Second segmentation 1100-b may include frozen bits 1105-b, HP bits 1115, LP
bits 1120, and EDC bits 1125, The HF bits 1110 may be the bits of the HP data output by the
data allocator 305-a of FIG. 10. The LP bits 1120 may be the bits of the LY data output by the
data aliocator 305-a. The EDC bits 1125 may be the bits of the EDC generated by the EDC
encoder 310-c. The frozen bits 1105-b may be bits set to a defined value that are known by
cach of the transmitter and receiver (e.2., each of base station 105-a and UE 115-a), and the
nurnher of and sub-chanvel! location of the frozen bits 1103-b within the polar code may be
known by each of the transmitter and receiver. Similar to the first and second segmentations
400-a, 400-b, bits of the first and second segmentations 1100-a, 1100-b may be loaded into
sub-channels of a polar code based on the reliability of cach sub-channel relative to the other
sub-channels. With reference to FIG. 2, the polar encoder 215 may respectively load the N
bits of the first segmentation 1100-a into N sub-channels of a polar code for polar encoding
and output a first codeword of length N. The polar encoder 215 may similarly foad NV bits of

the second segmentation 1100-b into N sub-channels of a polar code for polar encoding and
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output a second codeword of length N. The polar encoder 215 may output the first and second

codewords to the modulator 220 for transmission to the UE 115-a.

[0119] The UE 115-a may receive at least one signal that includes the first and second
codewords and a decoder of the UE 115-a may attemnpt to retrieve the control information
from the received codewords. FIG. 12 illustrates an example diagram 1200 of a decoder that
supports polar codes for uplink control information in accordance with various aspects of the

present disclosure. In some examples, decoder 235-c may implement aspects of decoder 235.

10120] A first list decoder 1205-a of decoder 235-¢ may perform a path search algorithim,
as described above in FIGs. 6-7, to search a code tree for decoding the veceived first polar-
encoded codeword generated from the first segmentation 1100-a. The first list decoder 1205-
a may determine a list size L of candidate paths through the code tree. If decoding of the first
segrmentation 1100-a is successful, the first list decoder 1205-a may select a bit sequence
corresponding to the candidate path of the L candidate paths having the best path metric. The
sclected bit sequence may correspond to the first segmentation 1100-a. The first list decoder
1205-a may decode the RM Polar HP bits 1110 of the first segmentation 1100-a to retricve
the HP bits 1115, and may output the HP bits 1115 to the second list decoder 12035-b. The
second list decoder 1205-b may set the HP bits 1115 as frozen bits. Because the first
segmentation 1100-a does not include an EDC, the decoder 235-b does not perform error

detection on the output BP bits 1115 using an EDC included in the first segmentation 1100-a.

10121} A second list decoder 1205-b of decoder 235-¢ may perform a path search
algorithm, as described above in FI(Gs. 6-7, to scarch a code tree for decoding the received
second polar-encoded codeword generated from the second segmentation 1100-b. The second
list decoder 1205-b may determine a list size L of candidate paths through the code tree and
output bit sequences corresponding to the L candidate paths to the error detector 1210 for
error detection. The second list decoder 1205-b may use the HP bits 1115 set as frozen bits
for calculating the path metrics of the respective candidate paths, and may assign a penalty to
paths where a bit value at a particular node along a candidate path differs from the value of a

HP bit 1115 set as a frozen bit.

10122} An error detector 1210 of decoder 235-c may iteratively perform an error
detection algorithm on the bit sequences corresponding to the L candidate paths in an order
based on path metrics for each path. As noted above, if a bit sequence from a selected

candidate paths is the same as the bit sequence of the second segmentation |130-b, the error
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detector 1210 may extract the HP bhits 11135, the LP bits 1120, and the EDC buts 1125 from
the bit sequence. The error detector 1210 may calculate an EDC using the extracted HP bits
1315 and the extracted LP bits 1120 for comparison to the extracied EDC for determining
whether the bit sequence passes crror detection {e.g., calculated EDC is the same as the
extracted EDC). The error detector 1210 may stop as soon as one of the bit sequences passes
the error detection algorithm, or all of the bit sequences have been checked and none passed
the error detection algorithm. If a bit sequence passes error detection, the error detector 1210

may output the extracted HFP bits 1115 and the extracted LP bits 1120,

10123] In some examples, the first segmentation may not include EDC bits and the
second segmentation may not include HP bits. FIG. 13 illustrates an example of control
information segmentations 1300-a, 1300-b that support polar codes for uplink control
information in accordance with various aspects of the present disclosure. The segmentor 210-
b of FIG. 10 may generate the first and second segmentations 1300-a, 1300-b. The first
segmentation 1300-a may be the same as or stmilar to the first segmentation 1108-a and may
include frozen bits 1105-3 and RM Polar HP bits 1110. The second segmentation 1300-b may
include the LP bits 1120, frozen bits 1105-b, and EDC bits 1125, but not the HP hits 1115,
The LP bits 1120 may be the bits of the LP data output by the data allocator 305-a. The EDC
bits 1125 may be the bits of the EDC generated by the EDC encoder 318-c. The frozen bits
1105-b may be bits set to a defined value that are known by each of the transmitter and
recetver (e.g., each of base station 105-a and UE 115-a), and the number of and sub-channel
location of the frozen bits 1105-b within the polar code may be known by each of the

transmitter and receiver.

[0124] Similar to the first and second segmentations 400-a, 400-b, bits of the first and
second scgmentations 1300-a, 1300-b may be loaded into sub-channels of a polar code based
on the reliability of cach sub-channel relative to the other sub-channels. With reference t©
FIG. 2, the polar encoder 215 may respectively load the N bits of the first segmentation 1300-
a into N sub-channels of a polar code for polar encoding and cutput a first codeword of length
N. The polar encoder 215 may similarly load N bits of the second segmentation 1300-b into N
sub-channels of a polar code for polar cncoding and cutput a second codeword of length V.
The polar encoder 215 may output the first and second codewords to the modulator 220 for

transmission to the UE 115-a.
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[0125] The UE 115-a may receive at least one signal that includes the first and second
codewords and a decoder of the UE 115-a may attempt to retrieve the control information
from the received codewords. FEG. 14 ilustrates an example diagram 1400 of a decoder 235-
d that supports polar codes for uplink control information in accordance with various aspects
of the present disclosure. In some examples, decoder 235-d may implement aspects of

decoder 235.

[0126] A first hist decoder 1405-a of decoder 235-d may perform a path search algorithm,
as described above in FIGs. 6-7, to search a code tree for decoding the received first polar-
encoded codeword generated from the first segmentation 1300-a. The first list decoder 1405-
a may determine a list size L of candidate paths through the code tree. If decoding of the first
segmentation 1300-a is successful, the first list decoder 1405-a may select a bit sequence of
length N corresponding to the candidate path of the L candidate paths having the best path
metric. The selected bit sequence may correspond to the first segmentation 1300-a. The first
list decoder 1205-a may decode the RM Polar HF bits of the first segmentation 1300-a to
retrieve the HP bits 1115, and may output the HP bits 1115 to the error detector 1410,
Because the first segmentation 1300-a does not include an EDC, the decoder 235-d does not
perform error detection on the output HP bits 1115 using an EDC from the first segroentation

1300-a.

[0127] A second list decoder 1403-b of decoder 235-d may perform a path search
algorithm, as described above in FIGs. 6-7, to search a code tree for decoding the received
second polar-cncoded codeword generated from the second segmentation 1300-b. In some
examples, the first and second list decoders 1405-a, 1405-b may operate stmultancously. The
second list decoder 14035-b may determine a list size L of candidate paths through the code
tree and output bit scquences of length N corresponding to the L candidate paths to the error
detector 1410 for error detection. An error detector 1410 of decoder 235-d may iteratively
perform an error detection algorithm on the bit sequences corresponding to the L candidate
paths in an order based on path metrics for each path. The error detector 1410 may stop as
soon as one of the bit sequences passes the error detection algorithm, or all of the bit
sequences have been checked and none passed the error detection algorithm. As noted above,
the EDC bits 1125 are generated by jointly encoding the HP bits 1115 and the LP bits 1120.
To perform error detection, the error detector 1410 extracts bit sequences corresponding to
the L candidate paths attempting to identify a bit sequence that is the same as the LP bits

1120.



WO 2018/201404 PCT/CN2017/083088
37

[0128] if a first bit sequence received from the fivst list decoder 14035-2 is the same as the
bit sequence as the transmitted HP bits 1115, and if a second bit sequence obtained by the
second list decoder 1405-b from a selected candidate path is the same as the bit sequence of
the second segmentation 1300-b, the ervor detector 1410 should be able to extract the LP bits
1120 from the second segmentation 1300-b and calculate the EDC bits 1125 using the HP
bits 11135 output by the first list decoder 1405-a and the extracted LP bits 1120 to match the
transmitted HP bits 1115 and the transmitted LP bits 1120. To do so, the error detector 1410
may generate a calculated EDC using the first bit sequence and the extracted LP bits 1120 by
applying the same algorithm as applied by the EDC encoder 310-c to the HP bits 1110 and
the LP bits 1120 (see FIG. 10}, If the calculated EDC is the same as the exiracted EDC, the
error detector 1410 determines that it was able to successfully able to decode the first and
second polar-encoded codewords and outputs the HP bits 1110 and the LP bits 1120 with or

without the EDC bits 1125.

131291 If the calculated and received EDCs are not the same, the ervor detector 1410
indicates a decoding failure for the second bit sequence associated with the selected candidate
path. The crror detector 1410 then checks a next candidate path associated with a next highest
path metric to see if a bit sequence of the next candidate path is able to pass crror detection.
The error detector 1410 thus proceeds from bit sequence o bit sequence untii one of the bit
sequences passes {e.g., due to the bit sequence being the same as the LP bits 1120) or all fail.
If all paths have been checked, the error detector 1410 indicates a decoding failure for the

first and second codewords.

10130] Advantageously, the examples described herein may divide UCH data into at least
two priority-based subsets and may provide differing levels of protection for different kinds
of UCH information (e.g., ACK/NACK, RI, PMI and CQl). Segmentation beneficially
imaproves power efficiency by enabling early termination of a decoding procedure such that
the decoding of second segmentation may not be necessary if decoding of the first
segmentation fails. The performance of the first segmentanon may also be improved by using

RM-Polar codes that reduce EDC {e.g., CRC) overhead.

(0131} FIG. 15 shows a block diagram 1500 of a wireless device 1503 that supports polar
codes for uplink control information in accordance with aspects of the present disclosure.
Wireless device 1505 may be an example of aspects of a base station 105 as described herein.

Wireless device 1505 may include receiver 1510, base station comnminications manager
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1515, and transmitter 1520. Wireless device 1505 may also include a processor. Hach of these

components may be in communication with one another {e.g., via one or more buses).

{0132] Receiver 1510 may receive one or more signals including one or more polar-
encoded codewords. The receiver 1510 may be an example of aspects of the wansceiver 1835
described with reference to FI(5. 18. The receiver 1510 may utilize a single antenna or a set

of antennas.

[0133] Base station commmunications manager 1515 may be an example of aspects of the

base station comununications manager 1815 described with reference to FIG. 18,

[0134] Base station communications manager 1515 and/or at least some of its various
sub-components may be implemented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in software executed by a processor,
the functions of the base station communications manager 1515 and/or at least some of ifs
various sub-components may be cxecuted by a gencral-purpose processor, a digital signal
processor (D8P, an application-specific integrated circuit (ASIC), an field-programmable
gate array (FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform the functions
described in the present disclosure. The basce station communications manager 1515 and/or at
feast some of its various sub-components may be physically located at various positions,
including being distributed such that portions of functions are implemenied at different
physical locations by one or more physical devices. in some examples, base station
communications rmanager 1515 and/or at least some of its various sub-components may be a
separate and distinet component in accordance with various aspects of the present disclosure.
In other examples, base station communications manager 1515 and/or at least some of its
various sub-components may be combined with one or more other hardware components,
inchuding but not limited to an O component, a transceiver, a network server, another
computing device, one o more other components described in the present disclosure, or a

combination thereof in accordance with varicus aspects of the present disclosure.

[0135] Base station communications manager 1515 may generate a first control
information segmentation based on a first subset of conirol information, generate a second
control information segmentation based on jointly encoding the first subset of the control
information and a second subset of the control information, polar encode the first control

information segmentation to generate a first codeword and the second control information
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segmentation to generate a second codeword, and transmit the first codeword and the second

codeword.

[0136] Transmitter 1520 may transmit signals generated by other components of the
device. In some examples, the transmitter 1520 may be collocated with a receiver 1510 in a
transceiver module. For example, the transmitter 1520 may be an example of aspects of the
ransceiver 1835 described with reference to FIG. 18, The transmitter 1520 may utilize a

single antenna or a sgt of antennas.

10137] F1G. 16 shows a block diagram 1600 of a wircless device 1605 that supports polar
codes for uplink control information in accordance with aspects of the present disclosure.
Wireless device 1605 may be an example of aspects of a wireless device 1565 or a base
station 105 as described with reference to FIG. 15, Wireless device 1605 may include
receiver 1610, base station cormumications manager 1615, and transmitter 1628, Wircless
device 1605 may also include a processor. Each of these components may be in

communication with one another {e.g., via one or more buses).

[0138] Receiver 1610 may receive one or more signals including one or more polar-
encoded codewords. The receiver 1610 may be an example of aspects of the transceiver 1835
described with reference to FIG. 18. The receiver 1610 may utilize a single antenna or a set

of antennas.

10139] Base station compmunications manager 1615 may be an example of aspects of the

base station comununications manager 1815 described with reference to FIG. 18.

101401 Base station conynunications manager 1615 may also include segmentor 1625 and

polar encoder 1630,

(0141} Segmentor 1625 may generate a first control information segmentation based on a
first subset of control information and generate a second control information segmentation
based on jointly encoding the first subset of the control information and a second subset of
the control information. In some cases, the second control information scgmentation includes
hits of the EDC, bits of the first subset of the control information, and bits of the second
subset of the control information. In some cases, the second control information segroentation
includes bits of the EDC and bits of the second subset of the control information. In some
cases, generating the first control information segmentation further includes: determining an

error detection code (EDC) based on the first subset of the control information. In some
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cases, the first control information segmentation includes bits of the EDC and bits of the first
subset of the control information. In some cases, the first subset of the control information
includes one or more of acknowledgement data, rank index data, precode matrix index data,
or any combination thereof. In some cases, the second subset of the control information

includes channel quality indicator data.

[0142] Polar encoder 1630 may polar encode the first control information segmentation
0 generate a first codeword and the second control information segmentation {0 generate a
second codeword and transmit the first codeword and the second codeword. In some cases,
polar encoding the second control information segmentation to generate the second codeword
further includes: loading a set of frozen bits, bits of the EDC, bits of the first subsct of the
control information, and bits of the second subset of the control information into respective
sub-channels of a polar code based on a reliability order of the sub-channels. In some cases,
polar encoding the first control information segmentation to generate the first codeword
includes: loading a set of frozen bits, the bits of the EDC, and the bits of the first subset of the
control information into respective sub-channels of a polar code based on a reliability order
of the sub-channels. In some cases, polar cncoding the first control information segmentation
to generate the first codeword inchides: loading a sct of frozen bits, the bits of the EDC, and
the bits of the Reed-Muller code tnto respective sub-channels of a polar code based on a

reliability order of the sub-channels.

[0143] Transmitter 1620 may transmit signals generated by other components of the
device. In some examples, the transmitter 1620 may be collocated with a receiver 1610in a
transceiver module, For example, the transmitter 1620 may be an example of aspects of the
transceiver 1835 described with reference to FIG. 18. The transmitter 1620 may utilize a

single antenna or a set of antennas.

[0144] FIG. 17 shows a block diagram 1700 of a base station communications manager
1715 that supports polar codes for uplink control information in accordance with aspects of
the present disclosure. The base station communications manager 1715 may be an cxample of
aspects of a base station communications manager 1515, a base station comununications
manager 1615, or a base station communications manager 1815 described with reference w
FiGs. 15, 16, and 18. The base station comamunications manager 1715 may include segmentor

1720, polar encoder 1723, data allocator 1730, EDC encoder 1735, and RM polar encoder
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17440. Each of these modules may communicate, directly or indirectly, with one another (e.g.,

via one or more buses).

[0145] Segrmentor 1720 may generate a first control information segmentation based on a
first subset of control information and generate a second conwol information segmentation
based on jointly encoding the first subset of the control information and a second subset of
the control information. In some cases, the second control information segmentation includes
bits of the EDC, bits of the first subset of the control information, and bits of the second
subset of the control information. In some cases, the second control information segmentation
mchudes bits of the EDC and bits of the second subset of the control information. In some
cases, generating the first control information segmentation further includes: determining an
EDC based on the first subset of the control information. In some cases, the first control
information segmentation includes bits of the EDC and bits of the first subset of the control
information. In some cases, the first subset of the control information includes one or more of
acknowledgement data, rank index data, precode matrix index data, or any combination
thereof. In some casces, the second subset of the control information includes channel quality

indicator data.

[6146] Polar encoder 1725 may polar encode the first control information segmentation
to generate a first codeword and the second control information segmentation to gencrate a
second codeword and transmut the first codeword and the second codeword. In some cases,
polar encoding the second control information segmentation to generate the second codeword
further inchudes: loading a set of frozen bits, bits of the EDC, bits of the first subset of the
control information, and bits of the second subset of the control information into respective
sub-channels of a polar code based on a reliability order of the sub-channels. In some cases,
polar encoding the first control information segmentation to gencrate the first codeword
includes: loading a set of frozen bits, the bits of the EDC, and the bits of the first subset of the
control information into respective sub-channels of a polar code based on a reliability order
of the sub-channels. In some cases, polar encoding the first control information segmentation
to generate the first codeword includes: loading a set of frozen bits, the bits of the EDC, and
the bits of the Reed-Muller code into respective sub-channels of a polar code based on a

rehiability order of the sub-channels.

101471 Data allocator 1730 may allocate the control information into the first subset and

the second subset based on priority.
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[0148] EDC encoder 1735 may determine a first EDC based on the first subset of the
control information and a second subset of the control information and determine a second
EDC based on the first subset of the control information, where a bit length of the first EDC
differs from a bit tength of the second EDC. In some cases, jointly encoding the first subset
of the control information and the second subset of the control information includes:
determining an EDC based on the first subset of the control information and the second

subset of the control information.

[0149] RM polar encoder 1740 may generate a hybrid Reed-Muller Polar (RM-Polar)
code based on the first subset of the control information, where the first control information
segmentation includes bits of the RM-Polar code, determine a hamoming distance such that a
number of rows of the generator matrix with a weight exceeding the hamning distance at
least is the same as a number of bits of the first subset of the control information, select a
subset of the rows of the generator matrix based on a reliability of each sub-channel of a set
of sub-channels of a polar code, and map the first subset of the control information to the
sclected subset of the rows. In some cases, generating the RM-Polar code includes: obtaining

a generator matrix based on a coded block size.

[0150] FIG. 18 shows a diagram of a system 1800 including a device 1805 that supports
polar codes for uplink control information in accordance with aspects of the present
disclosure. Device 1805 may be an example of or include the components of wireless device
1505, wireless device 1603, or a base station 105 as described above, ¢.g., with reference to
Fi(Gs. 15 and 16. Device 1805 may include components for bi-directional voice and data
commmunications including components for fransmitting and receiving comnumicalions,
including base station communications manager 1815, processor 1820, memory 1825,
software 1830, transceiver 1835, antenna 1840, nctwork communications manager 1845, and
inter-station conypunications manager 1850, These components may be in electronic
communication via one or more buses (e.g., bus 1810). Device 1805 may comumunicate

wirelessly with one or more user equipment (UE)s 115.

[0151] Processor 1820 may include an intelligent hardware device, {e.g., a general-
purpose processor, a DSP, a central processing unit {CPU), a microcontroller, an ASIC, an
FPGA, a programmable logic device, a discrete gate or transistor logic component, a discrete
hardware component, or any combination thereof). In some cases, processor 1820 may be

configured to operate a memory array using a memory controller. In other cases, a memory
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controller may be integrated into processor 1820. Processor 1820 may be configured to
cxecuic computer-readable instructions stored in a memory to perform various functions

{e.g., functions or tasks supporting polar codes for uplink control information).

[0152] Memory 1825 may include random access memory (RAM) and read only memory
(ROM). The memory 1825 may store computer-readable, computer-executable software 1836
including instructions that, when executed, cause the processor to perform various functions
described herein. In some cases, the memory 1825 may contain, among other things, a basic
input/output system (BIOS) which may control basic hardware or software operation such as

the interaction with peripheral components or devices.

[6153] Software 1830 may include code to implement aspecis of the present disclosure,
inchuding code to support polar codes for uplink control information. Software 1830 may be
stored in a non-transitory computer-readable medium such as system memory or other
memory. In some cases, the software 1830 may not be directly executable by the processor
but may cause a computer {e.g., when compiled and executed) to perform tunctions described

herein.

10154} Transceiver 1835 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as described above. For example, the transceiver 1835 may represent
a wireless transceiver and may communicate bi-divectionally with another wireless
transceiver. The transceiver 1835 may also include a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

received from the antenmnas.

[0155] In some cases, the wireless device may include a single antenna 1840. However,
in some cases the device may have more than one antenna 1840, which may be capable of

concurrently transmitting or receiving multiple wiveless transmissions.

10156] Network communications manager 1845 may manage comamunications with the
core network {e.g., via one or more wired backhaul inks}. For example, the network
commumications manager 1845 may manage the transfer of data communications for client

devices, such as one or more UEs 115,

[0157] Inter-station communications manager 1850 may manage communications with
other base station 105, and may include a controller or scheduler for controlling

communications with Uls 115 in cooperation with other base stations 105. For example, the
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inter-station communications manager 1850 may coordinate scheduling for transmissions to
UEs 115 for various interference mitigation techniques such as beamforming or joint
transmission. In some examples, inter-station communications manager 1830 may provide an
X2 interface within an Long Term Bvolution (LTEYLTE-A wireless communication network

technology to provide communication between base stations 105.

[0158] FIG. 19 shows a block diagram 1900 of a wireless device 1905 that supports polar
codes for uplink control information in accordance with aspects of the present discloswre.
Wireless device 1905 may be an example of aspects of a UE 115 as described herein.
Wireless device 1905 may include receiver 1910, UE conununications manager 19135, and
transroitter 1920, Wireless device 1905 may also include a processor. Each of these

components may be in communication with one another {e.g., via onie or more buses).

[0159] Receiver 1910 may receive one or more signals including one or more polar-
encoded codewords. The receiver 1910 may be an example of aspects of the transceiver 2235
described with reference to FIG. 22. The receiver 1910 may utilize a single antenna or a set

of antennas.

[6160] UE communications manager 19135 may be an example of aspects of the UE

communications manager 2215 described with reference to FIG. 22,

[0161] UE communications manager 1915 and/or at least some of its various sub-
components may be implemented in hardware, software executed by a processor, firmware,
or any combination thereof. If implemented in software executed by a processor, the
functions of the UE communications manager 1915 and/or at least some of its various sub-
components may be executed by a general-purpose processor, a DSP, an ASIC, an FPGA or
other programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described in the
present disclosure. The UE communications manager 1915 and/or at least some of its various
sub-components may be physically located at various positions, including being distributed
such that portions of functions are implemented at different physical locations by one or more
physical devices. In some examples, UE communications manager 1915 and/or at least some
of its varicus sub-componexnts may be a separate and distinct component in accordance with
various aspects of the present disclosure. In other examples, UE communications manager
1615 and/or at least some of its various sub-components may be combined with one or more

other hardware components, including but not limited to an /O component, a transceiver, a
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network server, another computing device, one or more other components described in the
present disclosure, or a combination thereof in accordance with various aspects of the present

disclosure.

[0162] UE communications manager 1913 may determine a first bit sequence
corresponding to a first subset of control information based on decoding a first polar-cncoded
codeword, determine an EDC and a second bit sequence corresponding to a second subset of
the control information based on decoding a second polar-encoded codeword, perform error
detection on the first bit sequence and the second bif sequence based on the determined EDC,
and output, based on the error detection, one of: a combination of the first bit sequence and

the second bit sequence or a decoding error.

[0163] Transroitter 1920 may transmit signals generated by other corponents of the
device. In some examples, the transmitter 1920 may be collocated with a receiver 1910 in a
wransceiver module. For exampie, the transmitter 1920 may be an example of aspects of the
transceiver 2235 described with refercnee to FIG. 22, The transmitter 1920 may utilize a

single antenna or a set of antennas.

10164} FiGs. 26 shows a block diagram 2000 of a wircless device 2005 that supports polar
codes for uplink control information in accordance with aspects of the present disclosure.
Wircless device 2003 may be an example of aspects of a wireless device 1905 or a UE 115 as
described with reference to FIG. 19. Wireless device 2005 may include receiver 2010, UE
commmunications manager 2015, and transiotiter 2020, Wireless device 2005 may also include
a processor. Each of these comaponents may be in compunication with one another {e.g., via

one or more buses).

[01653] Receiver 2010 may receive one or more signals including one or more polar-
encoded codewords. The receiver 2010 may be an exampie of aspects of the transceiver 2235
described with reference to FIG. 22. The receiver 2010 may utilize a single antenna or a set

of antennas.

[0166] UE communications manager 2015 may be an example of aspects of the UE

communications manager 2215 described with reference o FIG. 22,

[6167] UE communications manager 2015 may also include list decoder 2025 and error

detector 2030.
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[0168] List decoder 2025 may determine a first bit sequence corresponding to a first
subset of control information based on decoding a first polar-encoded codeword. List decoder
2025 may determine an EDC and a second bif sequence corresponding to a second subset of

the control information based on decoding a second polar-encoded codeword.

(6169 Error detector 2030 may determine that the first bif sequence passes error
detection based on the second EDC, perform error detection on the first bit sequence and the
second bit sequence based on the determined EDC. output, based on the ervor detection, one
of: a combination of the first bit sequence and the second bit sequence or a decoding error,
and calculate an EDC based on the first bit sequence and the second bit sequence, where
performing the error detection is based at least in a comparison of the calculated EDC and the
determined EDC. In some cases, decoding the second polar-encoded codeword further
includes: calculating an EDC based on the first bit scquence and the second bit sequence,
where performing the error detection is based at least in a comparison of the caleulated EDC

and the determined EDC.

10170] Transmitter 2020 may transmit signals generated by other components of the
device. In some examples, the transmitter 2020 may be collocated with a receiver 2010 in a
transceiver module. For example, the transmitter 2020 may be an example of aspects of the
transceiver 2235 described with reference to FIG. 22. The transmitter 2020 may utilize a

single antenna or a set of antennas.

(6171} FiG. 21 shows a block diagram 2100 of a UE communications manager 2115 that
supports polar codes for uplink control information in accordance with aspects of the present
disclosure. The UE communications manager 2115 may be an example of aspects of a UE
communications manager 2215 described with reference to FIGs. 19, 20, and 22. The UE
communications manager 2115 may include list decoder 2120, error detector 2125, path
determiner 2130, path selector 2133, frozen bit component 2140, and early termination
decision component 21435, Each of these modules may communicate, directly or indirectly,

with one another {e.g., via onc or more buses).

[0172] List decoder 2120 may determine a first bit sequence corresponding to a first
subset of control information based on decoding a first polar-encoded codeword, and may
determine an EDC and a second bit sequence corresponding to a second subset of the control

information based on decoding a second polar-encoded codeword.
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[0173] Error detector 2125 may determine that the first bit sequence passes error
detection based on the second EDC, perform error detection on the first bit sequence and the
second bit sequence based on the determined HEDC, ountput, based on the error detection, one
of: a cornbination of the first bit sequence and the second bit sequence or a decoding error,
and calculate an EDC based on the first bit sequence and the second bit sequence, where
performing the error detection is based at least in a comparison of the calculated EDC and the
determined EDC. In some cascs, decoding the second polar-encoded codeword further
includes: calculating an EDC based on the first bit sequence and the second bit sequence,
where performing the error detection is based at least in a comparison of the calculated EDC

and the determined EDC.

[0174] Path determiner 2130 may determine a second set of candidate paths through a
second code tree based on the SCL decoding algorithm and generate a set of candidate paths
through a code tree based on the SCL. decoding algorithm. In some cases, decoding the fivst
polar-encoded codeword further inchides: determining a set of candidate paths through a code
tree. In some cases, decoding the second polar-encoded codeword further includes:
generating 2 second set of candidate paths through a second code tree based on a SCL
decoding algorithm. In some cases, decoding the furst polar-encoded codeword further
includes: determining a set of candidate paths through a code tree. In some cases, decoding
the first polar-encoded codeword further inchudes: determining a set of candidate paths
through a code tree. In some cases, decoding the second polar-encoded codeword further
includes: generating a second set of candidate paths through a second code tree based on a

SCL decoding algorithm.

[0175] Path selector 2135 may select a candidate path of the set of candidate paths, obtain
the second bit sequence and the determined EDC from the selected candidate path, select a
second candidate path of the second set of candidate paths, obtain the first bit sequence, the
second bit sequence, and the determined EDC from the second candidate path, obtain the
second bit sequence and the determined EDC from the second candidate path, obtain the first
bit sequence and a second EDC from the selected candidate path, and obtain the first bit
sequence from the selected candidate path.

[#176] Frozen bit component 2140 may set the first bit sequence as frozen bits in a SCL

decoding algorithm. In some cases, decoding the second polar-encoded codeword further

includes: setting the first bit sequence as frozen bits in a SCL decoding algorithm.
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[0177] Early termination decision component 2145 may make a decision on early

ermination of decoding of the second polar-encoded codeword based on the second EDC.

[0178] FIG. 22 shows a diagram of a systern 2200 including a deviee 2203 that supports
polar codes for uplink control information in accordance with aspects of the present
disclosure. Device 2205 may be an example of or include the components of UE 115 as
described above, e.g., with reference to FIG. 1. Device 2205 may include components for bi-
directional voice and data communications including components for transmitting and
receiving communications, including UE communications manager 2215, processor 2220,
memory 2225, software 2230, transceiver 2235, antenna 2240, and /O controller 2245, These
components may be in electronic communication via one or more buses (2.2, bus 2210}

Digvice 2205 may communicate wirelessly with one or more base stations 105.

[0179] Processor 2220 may include an intelligent hardware device, (e. 2., a general-
purpose processor, a DSP, a CPU, a microconuoller, an ASIC, an FPGA, a programmable
logic device, a discrete gate or transistor logic component, a discrete hardware component, or
any combination thereof). In some cases, processor 2220 may be configured to operate a
memory mray using a memory controller. In other cases, a memory controller may be
integrated into processor 2220. Processor 2220 may be configured to execute computer-
readable instructions stored in a memory to perform various functions (e.g., functions or tasks

supporting polar codes for uplink control information).

10180] Memory 2225 may include RAM and ROM. The memory 2225 may store
computer-readable, computer-executable software 2230 inclading instructions that, when
executed, cause the processor to perform vartous functions described herein. I some cases,
the memory 2225 may contain, among other things, a BIOS which may control basic
hardware or software operation such as the interaction with peripheral components or

devices.

10181} Software 2230 may include code to implement aspects of the present disclosure,
including code to support polar codes for uplink control information. Software 2230 may be
stored in a non-transitory computer-readable medium such as system memory or other
remory. In some cases, the software 2230 may not be directly executable by the processor
but may cause a computer (e.g., when compiled and executed) to perform functions described

herein.
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[0182] Transceiver 2235 may cormunicate bi-directionally, via one or roore antennas,
wired, or wireless links as described above. For example, the transceiver 2235 may represent
a wircless transceiver and may communicate bi-directionally with another wircless
transceiver. The transceiver 2235 may also include a modem to modulate the codewords and
provide the modulated codewords to the antennas for transmission, and to demodulate

codewords received from the antennas.

[0183] in some cases, the wireless device may include a single antenna 2240, However,
in some cases the device may have more than one antenna 2240, which may be capable of

concurrently transmitting or receiving multiple wircless transmissions.

[0184] /O controlier 2245 may manage input and output signals for device 2205. /O
controtler 2245 may also manage peripherals not integrated tnto device 2205. In some cases,
VO controller 2245 may represent a physical connection or port to an external peripheral. In
some cases, /O controlier 2245 may utilize an operating system such as iOS®, ANDROID®,
MS-DOS®, MS-WINDOWS®, (5/2®, UNIX®, LINUX®, or another known operating
systern. In other cases, I/0 controlier 2245 may represent ot interact with a moder, a
keyboard, a mouse, a touchscreen, or a sirmilar device. I some cases, /O controller 2245
may be irnplemented as part of a processor. In some cases, a user may interact with device

2205 via VO controller 2245 or via bardware components controlled by VO controlier 2245,

[0185] FIG, 23 shows a flowchart iHustrating a method 2300 for polar codes for uplink
control information in accordance with aspects of the present disclosure. The operations of
method 2300 may be implemented by a base station 105 or its components as described
herein. For example, the operations of method 2300 may be performed by a base station
commumications manager as described with reference to FIGs. 15 through 18. In some
examples, a base station 105 may execute a set of codes to control the functional elements of
the device to perform the functions described below. Additionally or alternatively, the base
station 105 may perform aspects of the functions described below using special-purpose

hardware.

[0186] At block 2305 the base station 105 may generate a fivst control information
segmentation bascd at least in part on a first subset of control information. The operations of
block 2308 may be performed according to the methods described herein. In certain
examples, aspects of the operations of block 2305 may be performed by a segmentor as

described with reference to FIGs. 15 through 18.
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[0187] At block 2310 the base station 105 may generate a second control information
segmentation based at least in part on jointdy encoding the first subset of the control
mformation and a second subset of the control information. The operations of block 2310
may be performed according to the methods described herein. In certain examples, aspects of
the operations of block 2310 may be performed by a segmentor as described with reference to

FIGs. 15 through 18.

[0188] At block 2315 the base station 105 may polar encode the first control information
segmentation to generate a tirst codeword and the second control information segmentation io
generate a second codeword. The operations of block 2315 may be performed according to
the methods described herein. In certain examples, aspects of the operations of block 2313

may be performed by a polar encoder as described with reference to FIGs. 15 through 18.

(61891 At block 2320 the base station 105 may transmit the first codeword and the second
codeword. The operations of block 2320 may be performed according to the methods
described herein. In certain examples, aspects of the operations of block 2320 may be

performed by a polar encoder as described with reference to FIGs. 15 through 18,

[6190] FIG. 24 shows a flowchart iHlustrating a method 2400 for polar codes for uplink
control information in accordance with aspects of the present disclosure. The operations of
method 2400 may be implemented by a base station 105 or its components as described
herein. For example, the operations of method 2400 may be performed by a base station
communications manager as described with reference to Fi(Gs. 15 through 18. In some
examples, a base station 105 may execute a set of codes to control the functional elements of
the device to perform the functions described below. Additionally or alternatively, the base
station 105 may perform aspects of the functions described below using special-purpose

hardware.

(6191} At block 2405 the base station 105 may generate a hybrid Reed-Muller Polar
{RM-Polar) code based at least in part on a first subset of control information, wherein the
first control information segrmentation comprises bits of the RM-Polar code. The operations
of block 24035 may be performed according to the methods described herein. In certain
examples, aspects of the operations of block 2405 may be performed by a RM polar encoder

as described with reference to FIGs. 15 through 8.

[6192] At block 2410 the base station 105 may generate a first control information

scgmentation based at least in part on the hybrid Reed-Muller Polar code. The operations of
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block 2410 may be performed according to the methods described herein. In certain
examples, aspects of the operations of block 2410 may be performed by a scgmentor as

described with reference to FIGs. 15 through 18,

[0193] At block 2415 the base station 105 may generate a second control information
segrentation based at least in part on jointly encoding the first subset of the control
information and a second subset of the control information. The operations of block 24135
may be performed according to the methods described hervein. In certain examples, aspects of
the operations of block 2415 may be performed by a segmentor as described with reference to

Fi5s. 15 through 18.

10194} At block 2420 the base station 185 may polar encode the first control information
segmentation to generate a first codeword and the second control information segmentation to
generate a second codeword. The operations of block 2420 may be performed according to
the methods described herein. In certain examples, aspects of the operations of biock 2420

may be performed by a polar encoder as described with reference to FiGs. 15 through 18.

{1957 At block 2425 the base station 185 may transmit the first codeword and the second
codeword. The operations of block 2425 may be performed according to the methods
described herein. In certain examples, aspects of the operations of block 2425 may be

performed by a polar encoder as described with reference to FIGs. 15 through 18.

10196] FiG. 25 shows a flowchart illustrating a method 2500 for polar codes for uplink
control information in accordance with aspects of the present disclosure. The operations of
method 2500 may be implemented by a UE 115 or its components as described herein. For
example, the operations of method 2500 may be performed by a UE communications
manager as described with reference to FIGs. 19 through 22. In some examples, a UE 115
may execute a set of codes to control the functional elements of the device to perform the
functions described below. Additionally or alternatively, the UE 115 may perform aspects of

the functions described below using special-purpose hardware.

[0197] At block 2505 the UE 115 may determine a first bit sequence corresponding to a
first subset of control information based at least in part on decoding a first polar-encoded
codeword. The operations of block 2505 may be performed according to the methods
described herein. In certain examples, aspecis of the operations of block 2305 may be

performed by a list decoder as described with reference to FiGs. 19 through 22.
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{6198} At block 2510 the UE 115 may determine an ervor detection code (EDC) and a
second bif sequence corresponding o a second subset of the control information based at
least in part on decoding a second polar-cncoded codeword. The operations of block 2510
may be performed according to the methods described herein. In certain examples, aspects of
the operations of block 2510 may be performed by a list decoder as described with reference

to F1Gs. 19 through 22.

[6199] At block 2515 the UE 115 may perform error detection on the first bit sequence
and the second bit sequence based at least in part on the determined EDC. The operations of
block 2515 may be performed according to the methods described herein. In certain
examples, aspects of the operations of block 2515 may be performed by an ervor detector as

described with reference to FIGs. 19 through 22.

[0200] At block 2520 the UE 115 may cutput, based at least in part on the error detection,
one of: a combinaton of the {first bit sequence and the seeond bit sequence or a decoding
error. The operations of block 252 may be performed according to the methods described
herein. In certain exampies, aspects of the operations of block 2520 may be performed by an

error detector as described with reference to FIGs. 19 through 22.

1020114 FIG. 26 shows a flowchart ilhustrating a method 2600 for polar codes for uplink
control information in accordance with aspects of the present disclosure. The operations of
method 2600 may be implemented by a UE 115 or its components as described herein. For
example, the operations of method 2600 may be performed by a UE commmunications
manager as described with reference to FiGs. 19 through 22. In some examples, a UE 115
may execute a set of codes 1o control the functional elements of the device to perform the
functions described below. Additionally or akternatively, the UE 115 may perform aspects of

the functions described below using special-purpose hardware,

[6202] At block 2605 the UE 115 may decode a first polar-encoded codeword by
selecting a candidaie path of a plurality of candidate paths. The operations of block 2610 may
be performed according to the methods described herein. In certain examples, aspects of the
operations of block 2610 may be performed by a path selector as described with reference to

FIGs. 19 through 22

[6203] At block 2610 the UE 115 may obtain a first bit sequence corresponding to a first
subset of control information and an ED{ from the selected candidate path. The operations of

block 2615 may be performed according to the methods described herein. In certain
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examples, aspects of the operations of block 2615 may be performed by a path selector as

described with reference to FIGs. 19 through 22.

[0204] At block 2615 the UE 115 may determine that the first bit sequence passes error

detection based at least in part on the EDC. The operations of block 2620 may be performed
according to the methods described herein. In certain exaraples, aspects of the operations of
block 2620 may be performed by an ervor detector as described with reference to FlGs. 19

through 22.

[(205] At block 2620 the UE 115 may determine a second EDC and a second bit
sequence corresponding to a second subset of the control information based at least in part on
decoding a second polar-encoded codeword. The operations of block 2625 may be performed
according to the methods described herein. In certain examples, aspects of the operations of
block 2625 may be performed by a list decoder as described with reference to FiGs. 19

through 22.

[0206] At block 2625 the UE 115 may perform error detection on the first bit sequence
and the second bit sequence based at least in part on the second EDC. The operations of block
2630 may be performed according to the methods described herein. In certain examples,
aspects of the operations of block 2630 may be performed by an error detector as described

with reference to FiGs. 19 through 22.

10207] At block 2630 the UE 115 may ouiput, based at least in part on the error detection,
one of: a combination of the first hit sequence and the second bit sequence or a decoding
error. The operations of block 2635 may be performed according to the methods described
herein. In certain examples, aspects of the operations of block 2633 may be performed by an

error detector as described with reference to FiGs. 19 through 22.

[0208] It should be noted that the methods described above describe possible
implementations, and that the operations and the steps may be rearranged or otherwise
modified and that other tmplementations are possible. Farthermore, aspects from two or more

of the methods may be combined.

[0209] Technigues described herein may be used for various wireless communications
systems such as code division multiple access (CDMA), time division multiple access
(TDMA), frequency division nultiple access (FIDMA}, orthogonal frequency division

multiple access (OFDMA), single carrier frequency division multiple access (SC-FDMA),
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and other systems. The terms “system” and “network”™ are often used interchangeably. A code
division muitiple access (CDMA) system may implement a radio technology such as
CDMAZO00, Universal Terrestrial Radio Access (UTRA), efc. CDMA2000 covers 15-2000,
15-95, and I5-856 standards. 1S-2000 Releases may be commonly referred to as COMA2000
11X, 1X, efc. 13-856 (T1A-856) is commonly referred to as CDMAZO00 IxEV-DO, High Rate
Packet Data (HRPD), efc. UTRA includes Wideband CDMA (WUCDMA) and other variants
of COMA. A TDMA system may implement a radio techunology such as Global System for

Mobile Communications (GSM).

10210] An OFDMA system may implement a radio technology such as Ultra Mobile
Broadband (UMB), Evolved UTRA (E-UTRA), Institute of Electrical and Electronics
Engineers (IEEE) 802.11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, erc.
UTRA and E-UTRA are part of Universal Mobile Telecommunications System (UMTS).
LTE and LTE-A are releases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A, NR, and GSM are described in documents from the organization named “3rd
Generation Partnership Project” (3GPP). CDMAZ000 and UMB are described in documents
from an organization named “3rd Generation Partnership Project 27 (3(GGPP2). The techniques
described herein may be used for the systems and radio technologies mentioned above as well
as other systems and radio technologies. While aspects of an LTE or an NR systenm may be
described for purposes of example, and L'TE or NR terminology may be used in much of the

description, the technigues described herein are applicable bevond L'TE or NR applications.

[0211] In LTE/LTE-A networks, including such networks described herein, the term
evolved node B (eNB) may be generally used to describe the base stations. The wircless
comrmunications system or systems described herein may include a heterogeneous LTE/LTE-
A or NR network in which different types of eNBs provide coverage for various geographical
regions. For example, cach eNB, next gencration NodeB (giNB), or base station may provide
communication coverage for a macro cell, a small cell, or other types of cell. The term “cell”
may be vsed to describe a base station, a carrier or component carrier associated with a base
stafion, or a coverage arca {e.g., sector, efc.) of a carrier or base station, depending on

coniext.

102121 Base stations may include or may be referred to by those skilled in the art as a
hase transceiver station, a radio basc station, an aceess point, a radio transceiver, a NodeB,

eNodeB (eNB), gNB, Home NodeB, a Home eNodeB, or some other suitable terminology.
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The geographic coverage area for a base station may be divided into sectors making vp only a
portion of the coverage arca. The wireless communications system or systems described
herein may include base stations of different types (e.g., macro or small cell base stations).
The UEs described berein may be able to communicate with various types of base stations
and network equipment including macro ¢NBs, small cell eNBs, gNBs, relay base stations,

and the like. There may be overlapping geographic coverage areas for different technologics.

[0213] A macro cell generally covers a relatively large geographic area {e.g., several
kilometers in radius) and may allow unrestricted access by UEs with service subscriptions
with the network provider. A small cell is a lower-powered hase station, as compared with a
macro cell, that may operate in the same or different (e.g., licensed, unlicensed, efc.)
frequency bands as macro cells. Small cells may include pico cells, femto cells, and micro
cells according to various examples. A pico cell, for cxample, may cover a small geographic
area and may allow anrestricted access by UEs 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 by UEs having an association with the femto cell (e.g.,, UEsina
closed subscriber group (CSG), UEs for users in the home, and the like). An eNB for a macro
cell may be referred to as a macro eNB. An eNB for a small cell may be referred to as a small
cell eNB, a pico eNB, a femto ¢NB, or 3 home eNB. An eNB may support ong or multiple

(e.g., two, three, four, and the like) cells (e.g., component carriers).

[0214] The wireless comnunications system or systems described herein may support
synchronous or asynchronous operation. For synchronous operation, the base stations may
have similar frame timing, and transmissions from different base stations may be
approximately aligned in tme. For asynchronous operation, the base stations may have
different frame timing, and transmissions from different base stations may not be aligned in
time. The techniques described herein may be used for either synchronous or asynchronous

operations.

[0215] The downlink transmissions described herein may also be called forward link
transmissions while the uplink transmissions may also be called reverse link transmissions.
Each commumication link described herein—including, for example, wireless
commumnications system 100 and 200 of Fi(s. 1 and 2-—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).
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[0216] The description set forth herein, in connection with the appended drawings,
describes example configurations and does not represent all the examples that may be
implemented or that are within the scope of the claims. The term “cxemplary” used herein
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 techniques,
however, may be practiced without these specific details. In some instances, well-known
structures and devices are shown in block diagram form in order to avoid obscuring the

concepts of the described examples.

[6217] In the appended figures, sirnilar components or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
simpilar coroponents. I just the first reference label is used in the specification, the description
is applicable to any one of the similar components having the same first veference label

irrespective of the sccond reference label.

[0218] Information and signals described herein may be represented using any of a
variety of different technologics and techniques. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, electromagnetic waves, magnetic fields

or particies, optical fields or particles, or any combination thereof.

[6219] The various ilhistrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
DSP, an ASIC, an FPGA or other programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combination thercof designed to perform the
functions deseribed herein. A general-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controlicr, microcontroiler, or
state machine. A processor may also be implemented as a combination of computing devices
{e.g., a combination of a DSP and a microprocessor, nultiple microprocessors, one or more

microprocessors in conjunction with a D3P core, or any other such configuration).

102201 The functions described herein may be implemented in hardware, software
execuied by a processor, firmware, or any combination thereof. If implemented in software

cxecuied by a processor, the functions may be stored on or transmitted over as one or more
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instroctions or code on a computer-readable mwedium. Gther examoples and implementations
are within the scope of the disclosure and appended claims. For example, due to the natare of
software, functions described above can be implemented using software cxecuted by a
processor, hardware, firmware, hardwiring, or combinations of any of these. Features
implementing functions may also be physically located at various positions, including being
distributed such that portions of functions are implemented at different physical locations.
Also, as used herein, including in the claims, “or” as used in a list of items (for example, a list
of items prefaced by a phrase such as “at least one of” or “one or more of”} indicates an
inclusive list such that, for example, a list of at lcast one of A, B, or C means A or B or C or
AB or AC or BC or ABC (i.e., A and B and C). Also, as used herein, the phrase “based on”
shall not be construed as a reference to a closed set of conditions. For example, an exemplary
step that is described as “based on condition A” may be based on both a condivon A and a
condition B without departing from the scope of the present disclosure. In other words, as
used herein, the phrase “based on™ shall be construed in the same manner as the phrase

“based at least in part on.”

10221} Computer-readable media includes both non-transitory computer storage media
and communication media including any medium that facilitates transfer of a computer
program from one place to another. A non-fransitory storage medivm may be any available
wedium that can be accessed by a general purposce or special purposc computer. By way of
example, and not limitation, non-transitory computer-readable media may comprise RAM,
ROM, electrically erasable programmable read only memory (EEPROM), compact disk (CD)
ROM or other optical disk storage, magnetic disk storage or other magnetic storage devices,
or any other non-transitory mediurm 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 special-purpose processor.
Also, any connection is properly termed a computer-readable medium. For example, if the
software is transwnitted from a website, server, or other remote 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 arc included in the definition of
medium. Disk and disc, as used herein, include CD, laser disc, optical disc, digital versatile

disc (DVD), floppy disk and Blu-ray disc where disks usually reproduce data magnetically,
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while discs reproduce data optically with lasers. Cormbinations of the above are also included

within the scope of computer-readable media.

[0222] The description herein is provided to cnable 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 generic principles defined herein may be applied to other variations
without departing from the scope of the disclosure. Thus, the disclosire is not limited to the
examples and designs described herein, but s to be accorded the broadest scope consistent

with the principies and novel features disclosed herein.
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CLAIMS
What is ciaimed is:
1. A method tor wireless communication, comprising:

generating a first control information segmentation based at least in part on a
first subset of control information;

gencrating a second control information segmentation based at least in part on
jointly encoding the first subset of the control information and a second subset of the control
information;

polar encoding the first control information segmentation to generate a first
codeword and the second control information segmentation to generate a second codeword;
and

fransmitting the first codeword and the second codeword.

2. The method of claim 1, further comprising:
allocating the control information into the first subset and the second subset

based at least in patt on priority.

3. The method of claim 1, wherein jointly encoding the first subset of the
control information and the second subset of the control information comprises:
determining an ervor detection code (EDC) based at least in part on the first

subset of the control information and the second subset of the control information.

4. The method of claim 3, wherein polar encoding the second control
information segmentation to generate the second codeword further comprises:

loading a plurality of frozen bits, hits of the EDC, bits of the first subset of the
control information, and bits of the second subset of the control information into respective

sub-channels of a polar code based at least in part on a reliability order of the sub-channels.

5. The method of claim 3, wherein:
the second control information segmentation comprises bits of the EDC, bits
of the first subset of the control information, and bits of the second subset of the control

information.

&. The method of claim 3, wherein:
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the second control information segroentation comprises bits of the EDC and

bits of the second subset of the control information.

7. The method of claim 1, wherein generating the first control
information segmentation further comprises:
determining an ervor detection code (EDC) based at least in part on the first

subset of the control information.

8. The method of claim 7, wherein polar encoding the first control
wnformation segmentation to generate the first codeword comprises:

loading a plurality of frozen bits, the bits of the EDC, and the bits of the first
subset of the control information into respective sub-channels of a polar code based at feast in

part on a reliability order of the sub-channels.

9. The method of claim 7, wherein:
the first control information segmentation comprises bits of the EDC and bits

of the first subset of the control information.

16.  The method of claim 1, further comprising:
generating a hybrid Reed-Muller Polar (RM-Polar) code based at least in part
on the first subset of the control information, wherem the first control information

segmentation comprises bits of the RM-Polar code.

i1 The method of claim 10, wherein polar encoding the fivst control
information segimentation to generate the first codeword comprises:

loading a plurality of frozen bits and the bits of the RM-Polar code into
respective sub-channels of a polar code based at least in part on a reliability order of the sub-

channels.

2. The method of claim 10, wherein generating the RM-Polar code
comprises:

obtaining a generator malrix based at least in part on a coded block size;

determining a hamuning distance such that a number of rows of the generator
matrix with a weight exceeding the hamming distance at least is the same as a number of bits

of the first subset of the control information;



4 W o

Wi

N N S

WS e

[\

B W

(94}

6

£ W N

WO 2018/201404 PCT/CN2017/083088

61

sclecting a subset of the rows of the generator matrix based at least in part on a
reliabiity of each sub-channel of a plurality of sub-channels of a polar code; and
mapping the first subset of the control information to the selected subset of the

TOWS.

13. The method of claim 1, further comprising:

determining a first ervor detection code (EDC) based at least in part on the furst
subset of the control information and a second subset of the control information; and

determining a second error detection code (EDC) based at least in part on the
first subset of the control information, wherein a bit length of the first EDC differs from a bit

length of the second EDC.

14. The method of claim 1, wherein:
the first subset of the control information includes one or more of
acknowledgerment data, rank index data, precode matrix index data, or any combination

thereof.

i5. The method of claim 1, wherein:
the second subset of the control information includes channel quality indicator

data.

6. A wmethod for wireless commmunication, comprising:

determining a first bit sequence corresponding to a first subset of control
information based at least in part on decoding a first polar-encoded codeword;

determining an ervor detection code (EDC) and a second bit sequence
corresponding 0 a second subset of the control information based at feast in part on decoding
a second polar-encoded codeword;

performing ervor detection on the first bit sequence and the second hit
sequence based at least in part on the determined EDC; and

outputting, based at least in part on the error detection, one of: a combination

of the first bit sequence and the second bit sequence or a decoding error.

17. The method of claim 16, wherein decoding the first polar-encoded
codeword further comprises:
determining a plurality of candidate paths through a code tree:

sclecting a candidate path of the plurality of candidatc paths;
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obtaining the first bit sequence and a second EDC from the selected candidate
path; and
determining that the first bit sequence passes error detection based at least in

part on the second EDC.

18. The method of claim 17, wherein decoding the second polar-encoded
codeword further comprises:

setting the first bit sequence as frozen bits in a successive cancellation list
(6CL} decoding algorithm;

determining a sccond plurality of candidate paths through a second code tree
based at least in part on the SCL decoding algorithm;

sclecting a second candidate path of the second plurality of candidate paths;
and

obtaining the first bit sequence, the second bit sequence, and the determined

EBC from the second candidate path.

19 The method of claim 18, wherein decoding the second polar-encoded
codeword further comprises:

calculating an EDC based at least in part on the first bit sequence and the
second bit sequence, wherein performing the error detection is based at least i1 a comparison

of the calculated EDC and the determined EDC.

26. The method of claim 17, wherein decoding the second polar-encoded
codeword further comprises:

gencrating a second plurality of candidate paths through a second code tree
based at least in part on a successive cancellation list (SCL) decoding algorithm;

selecting a sccond candidate path of the second plurality of candidate paths;

obtaining the second bit sequence and the determined EDC from the second
candidate path; and

calculating an EDC based at least in part on the first bit sequence and the
second bit sequence, wherein performing the error detection is based at feast in a comparison

of the calculated EDC and the determined EDC.

21 The method of claim 16, wherein decoding the first polar-encoded

codeword further comprises:
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determining a plurality of candidate paths through a code tree;

selecting a candidate path of the plurality of candidate paths;

obtaining the first bit sequence and a second EDC from the selected candidate
path; and

making a decision on carly termination of decoding of the second polar-

encoded codeword based at least in part on the second EDC.

22, The method of claim 16, wherein decoding the second polar-encoded
codeword further comprises:

setting the first bit sequence as frozen bits in a successive cancellation list
(8CL)} decoding algorithm;

gencrating a plurality of candidate paths through a code tree based at least in
part on the SCL decoding algorithn;

sclecting a candidate path of the plurality of candidate paths;

obtaining the second bit sequence and the determined EDC from the selected
candidate path; and

calculating an EDC based at least in part on the first hit sequence and the
second bit sequence, wherein performing the error detection is based at least in a comparison

of the calculated EDC and the determined EDC.

23 The method of claim 16, wherein decoding the first polar-encoded
codeword further comprises:

determining a plurality of candidate paths through a code tree;

selecting a candidate path of the plarality of candidate paths; and

obtaining the first bit sequence from the selected candidate path.

24 The method of claim 23, wherein decoding the second polar-encoded
codeword further comprises:

generating a second plurality of candidate paths through a second code tree
based at east in part on a successive cancellation list (SCL) decoding algorithim;

sclecting a candidate path of the plurality of candidate paths;

obtaining the sccond bit sequence and the determined EDC from the selected

candidate path; and
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8 calculating an EDC based at least in part on the first bit sequence and the
9 second bit sequence, wherein performing the error detection is based at least in a comparison

10 of the calculated EDC and the determined EDC.

1 25 An apparatus for wireless communication, comprising:

2 4 Processor;

3 memory in electronic communication with the processor; and

4 instructions stored in the memory and operable, when executed by the

5 processor, to cause the apparatus to:

6 generate a first control information segmentation based at least in part
7 on a first subset of control information;

8 generate a second control information segmentation based at least in

9 part on jointly encoding the first subset of the control information and a second subset of the
10 control information;
i1 polar encode the first control information segmentation to generate a
12 first codeword and the second control information scgmentation to generate a second

13 codeword; and

14 transmit the tirst codeword and the second codeword.
i 26. The apparatus of claim 25, wherein the instructions are further
2 executable by the processor to:
3 allocate the control information into the first subset and the second subset
4 based at least in part on priority.
1 27. The apparatus of claim 25, wherein jointly encoding the first subset of
2 the control information and the second subset of the control information comprises
3 instructions further cxecutable by the processor to:
4 determine an error detection code (EDC) based at least in part on the first
5 subset of the control information and the second subset of the control information.
1 28. The apparatus of claim 27, wherein polar encoding the second controd
2 information segmentation to generale the second codeword comprises instructions further
3 cxecutable by the processor to:
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load a plurality of frozen bits, bits of the EDC, bits of the first subset of the
control information, and bits of the second subset of the control information into respective

sub-channels of a polar code based at least in part on a reliability order of the sub-channels.

2%, The apparatus of claim 27, wherein:
the second controd information segmentation comprises bits of the EDC, bits
of the first subset of the control information, and bits of the second subset of the control

information.

36. The apparatus of claim 27, wherein:
the second control information segmentation comprises bits of the EDC and

bits of the second subset of the control information.

31 The apparatus of claim 25, wherein generating the first control
information segmentation comprises instructions further executable by the processor to:
determine an error detection code (EDC) based at least in part on the first

subset of the control information.

3z The apparatus of claim 31, wherein polar encoding the first control
information segmentation to gencrate the first codeword comprises instructions further
executable by the processor to:

load a plurality of frozen bits, the bits of the ED(C, and the bits of the first
subset of the control information into respective sub-channels of a polar code based at least in

part on a reliability order of the sub-channels.

33 The apparatus of claim 31, wherein:
the first control information segmentation comprises bits of the EDC and bits

of the first subset of the control information.

34 The apparatus of claim 25, wherein the instructions are further
cxecutable by the processor to:

generate a hybrid Reed-Muller Polar (RM-Polar) code based at least in part on
the first subset of the control information, wherein the first contro! information segmentation

comprises bits of the RM-Polar code.
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3s. The apparatus of claim 34, wherein polar encoding the first control
information segmentation to generate the first codeword comprises instructions further
executable by the processor to:

load a plurality of frozen bits and the bits of the Reed-Muller code into
respective sub-channels of a polar code based at least in part on a reliability order of the sub-

channels.

36. The apparatas of claim 34, wherein generating the RM-Polar code
comprises instructions further executable by the processor to:

obtain a generator matrix based at least in part on a coded block size;

determine a hamming distance such that a number of rows of the generator
matrix with a2 weight exceeding the hamming distance at least 1s the same as a number of bits
of the first subset of the control information;

sclect a subset of the rows of the generator matrix based at least in part on a
veliability of each sub-channel of a plurality of sub-channels of a polar code; and

map the first subset of the control information to the selected subset of the

TOWS.

37. The apparatus of claim 25, wherein the instructions are further
executable by the processor to:

determine a fivst ervor detection code (EDC) based at least in part on the first
subset of the control information and a second subset of the control information; and

determine a second error detection code (EDC) based at least in part on the
first subset of the control information, wherein a bit length of the first EDC differs from a bit

length of the second EDC.

38. The apparatas of claim 25, wherein:
the {irst subset of the control information includes one or more of
acknowlcdgement data, rank index data, precode matrix index data, or any combination

thereof.

39 The apparatus of claim 25, wherein:
the second subset of the control information includes channel quality indicator

data.
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40. An apparatus for wircless communication, comprising:
4 Processor;
memory in electronic communication with the processor; and
instructions stored in the memory and operable, when executed by the
processor, (o cause the apparatus to:
determine a first bit sequence corresponding to a first subset of control
information based at least in part on decoding a first polar-encoded codeword;
determine an ervor detection code (EDC) and a second bit sequence
corresponding to a second subsct of the control information based at Jeast in part on decoding
a second polar-encoded codeword;
perform error detection on the first bit sequence and the second bit
sequence based at least in part on the determined EDC; and
output, based at least in part on the error detection, one of: a

combination of the first bit sequence and the second bit sequence or a decoding error.

41. The apparatus of claim 40, wherein decoding the fivst polar-encoded
codeword further comprises instructions further executable by the processor to:

determine a plurality of candidate paths through a code tree;

select a candidate path of the plurality of candidate paths;

obtain the first bit sequence and a second EDC from the selected candidate
path; and

determine that the first bit sequence passes ervor detection based at least in

part on the second EDC.

42, The apparatss of clatm 41, wherein decoding the second polar-encoded
codeword further comprises instructions further executable by the processor to:

set the first bit sequence as frozen bits in a successive cancellation st (SCL)
decoding algorithin;

determine a second plurality of candidate paths through a second code tree
based at least in part on the SCL decoding algorithm;

sclect a second candidate path of the second plurality of candidate paths; and

obtain the first bit sequence, the second bit sequence, and the determined EDC

from the second candidate path.
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43. The apparatus of claim 42, whercin decoding the second polar-encoded
codeword further comprises instructions further executable by the processor to:

calculate an EDC based at least in part on the first bit sequence and the second
bit sequence, wherein performing the error detection is based at least in a comparison of the

calculated EDC and the determined EDC.

44. The apparatus of claim 41, whercin decoding the second polar-encoded
codeword further comprises instructions further executable by the processor to:

generate a second plurality of candidate paths through a second code tree
based at lcast in part on a successive cancellation fist (SCL) decoding algorithm;

sclect a second candidate path of the second plurality of candidate paths;

obtain the second bit sequence and the determined EDC from the second
candidate path; and

calculate an EDC based at least in part on the first bit sequence and the second
bit sequence, wherein performing the ervor detection is based at least in a comparison of the

catculated EDC and the determined EDC.

45 The apparatus of claim 40, wherein decoding the first polar-encoded
codeword further comprises instructions further exccutable by the processor to:

determine a plurality of candidate paths through a code tree;

select a candidate path of the plurality of candidate paths;

obtain the first bit sequence and a second EDC from the selected candidate
path; and

make a decision on early termaination of decoding of the second polar-encoded

codeword based at least in part on the second EDC.

46. The apparatas of claim 40, wherein decoding the second polar-encoded
codeword further comprises instructions further executable by the processor to:

sct the first bit sequence as frozen bits in a successive canceliation lise (SCL)
decoding algorithm;

generate a plurality of candidate paths through a code wee based at least in part
on the SCL decoding algorithm;

sclect a candidate path of the plurality of candidate paths;
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obtain the second bit sequence and the determined EDC from the selected
candidate path; and

calculate an EDC based at least in part on the first bit sequence and the second
bit sequence, wherein performing the ervor detection is based at least in a comparison of the

catculated EDC and the determined EDC.

47 The apparatus of claim 40, wherein decoding the first polar-encoded
codeword further comprises instructions further exccutable by the processor to:

determine a plurality of candidate paths through a code tree;

select a candidate path of the plurality of candidate paths; and

obtain the first bit sequence from the selected candidate path.

48. The apparatss of clatm 47, wherein decoding the second polar-encoded
codeword further comprises:

generaie a second plurality of candidate paths through a second code tree
based at least in part on a successive cancellation list (SCL) decoding algorithim;

select a candidate path of the plurality of candidate paths;

obtain the second bit sequence and the determined EDC from the selected
candidate path; and

calculate an EDC based at least in part on the first bit sequence and the second
bit sequence, wherein performing the ervor detection is based at least in a comparison of the

calculated EDC and the determined EDC.

49 An apparatus for wircless communication, comprising:

means for generating a first control information segmentation based at least in
part on a first subset of control information;

means for generating a sccond control information segmentation based at least
in part on jointly encoding the first subset of the control information and a second subset of
the control mformation;

means for polar encoding the first control information segmentation {0
generate a first codeword and the sccond control information segmentation o generate a
second codeword; and

means for transmitting the first codeword and the second codeword.

50. An apparatus for wireless communication, comprising:
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means for determining a first hit sequence corresponding to a first subset of
control information based at least in part on decoding a first polar-encoded codeword;

means for determining an ervor detection code (EDC) and a second bit
sequence corresponding to a second subset of the control information based at least in part on
decoding a second polar-encoded codeword;

means for performing error detection on the tirst bit sequence and the second
hit sequence based at least in part on the determined EDC; and

means for outputting, based at least in part on the error detection, one of: a

combination of the first bit sequence and the second bit sequence or a decoding error.

51. A non-transitory computer readable medivm storing code for wireless
communication, the code comprising instructions exccutable by a processor to:

gencrate a first control information segmentation based at least in part on a
first subset of contro} information;

generate a second control information segmentation based at least in part on
jointly encoding the first subset of the control information and a second subset of the control
mformation;

polar encode the first control information segmentation to gencrate a {ivst
codeword and the second control information segmentation to gencrate a second codeword;
and

transmit the first codeword and the second codeword.

52. A non-transitory computer readable medium storing code for wireless
commuinication, the code comprising instructions executable by a processor to:

determine a first bit sequence corresponding to a first subset of control
information based at least in part on decoding a first polar-encoded codeword;

determine an error detection code (EDC) and a second bit sequence
corresponding to a second subset of the control information based at Ieast in part on decoding
a second polar-encoded codeword;

perform ervor detection on the first bit sequence and the second bit sequence
based at least in part on the determined EDC; and

output, based at least in part on the error detection, one of: a combination of

the first bit sequence and the second bit sequence or a decoding crror.
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