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(57) Abstract: Techniques are described herein to terminate a list decoding operation before its completion based on performing one
or more error check processes. A transmitted codeword encoded using a polar code may include one or more error check vectors

interspersed with one or more information vectors. Upon receiving the codeword,

a decoder may perform a list decoding operation

on the received codeword. Upon decoding one of the error check vectors, the decoder may determine whether at least one candidate
path used in the successive cancellation list decoding operation passes an etror check process based on the error check vector. If no
candidate paths satisfy the error check process, the decoder may terminate the list decoding operation. In some examples, the decoder
may recheck whether candidate paths satisty the error check operation at intermediate positions between error check vectors. Such

rechecking may occur while decoding information vectors.
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FARLY TERMINATION OF SUCCESSIVE CANCELLATION LIST DECODING
INTRODUCTION

[6001] The following relates generally fo wireless communication, and more specifically

to early termination of successive cancellation list decoding.

[6002] 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 communication with multiple users by sharing
the available system resources (e.g., time, frequency, and power). Examples of such multiple-
access systems nclude code division multiple access (CBMA) systems, time division
multiple access (TBMA) systems, frequency division multiple access (FDMA) systems, and
orthogonal frequency division multiple access (OFDMA) systemas, {e.g., a Long Term
Evolution (LTE) syvstem, or a New Radio (NR) system). A wireless multiple-access
communications system may include a number of base stations or aceess network nodes, ¢ach
simultancously supporting communication for multiple communication devices, which may

be otherwise known as user equipment (UE).

[00603] Information transmitted between devices in wireless multiple-access
communications systems may be encoded into a codeword in order to improve the rehability
of successfully decoding the transmitted mformation. In some cases, codewords may provide
redundancy, which may be used to correct errors that result from the transmission
cnvironment {e.g., path loss, obstacles, efc.}. Some examples of encoding algorithms with
error correcting codes melude convolutional codes (CCs}), low-density parity-check (LDPC)
codes, and polar codes. A polar code is an example of a lincar block error correcting code and
has been shown to asymptotically approach the theoretical channel capacity as the code
length increases. Polar codes are based on polanzation of sub-channels used for information
bits or frozen bits {e.g., predetermined bits set to a *0” or a * 17y, with information bits
generally assigned to the higher rehiability sub-channels. However, practical implementations
of a polar decoder are complex {e.g.. due to the ordered nature of decoding and list decoding
techniques used for improving the error-correcting performance) and may introduce latency
i order to increase reliability . As such, traditional polar coding techniques may not
adequately meet the low latency standards of some wireless communications. Techuniques for

high-performance polar codes for low latency communications are desired.
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SUMMARY

[6004] The described technigues relate to improved methods, svstems, devices, or
apparatuses that support early termination of successive cancellation list decoding. Generally,
the described techniques provide for termination of a hist decoding operation before its
completion based on performing one or more error check processes. A transmitted codeword
encoded using a polar code may include one or more error check vectors interspersed with
one or more information vectors. Upon receiving the codeword, a decoder may perform a hist
decoding operation on the received codeword. Upon decoding one of the error check vectors,
the decoder may determine whether at least one candidate path used in the successive
cancelation list decodmg operation passes an error check process based on the error check
vector. If no candidate paths satisfy the error check process, the decoder may terminate the
list decoding operation. In some exarples, the decoder may recheck whether candidate paths
satisty the error check operation at intermediate positions between error check vectors. Suc
rechecking may occur during the successive cancellation list decoding process for at least one
mformation bit location that is subsequent to the error check vector being applied according

to a decoding order of the polar code.

{60057 A method of wireless communication is described. The method may include
monitoring, at a user equipment (UE), for a decoding candidate of a codeword encoded
according to a polar code, wherein the decoding candidate 1s based at least m part on a first
mformation vector, a second information vector, and a first error check vector posttioned
between the first information vector and the second mformation vector according tc a
decoding order of the polar code, performing a list decoding operation on a first portion of
sub-channels of the decoding candidate corresponding to the first information vector and the
first error check vector to obtain a first set of list decoding paths, determining, for the first set
of list decoding paths, that at least one hist decoding path of the first set of list decoding paths
satisfies a first error check process using respective decoding path candidates for the first
error check vector and the first information vector, performing the list decoding operation on
a second portion of the sub-channels of the decoding candidate corresponding to at least a
subset of the second mformation vector to obtaim a sccond set of hist decoding paths that are
based at least in part on the first set of list decoding paths, and determining whether at least

one of the second set of decoding paths satisfy the first error check process.
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[6006] An apparatus for wireless commumication is described. The apparatus may include
means for monitoring, at a user equipment (UE}, for a decoding candidate of a codeword
encoded according to a polar code, wherein the decoding candidate s based at east in part on
a first mformation vector, a second mtormation vector, and a first error check vector
positioned between the first information vector and the second information vector according
to a decoding order of the polar code, means for performing a list decoding operation on a
first portion of sub-channels of the decoding candidate corresponding to the first information
vector and the first error check vector to obtain a first set of bist decoding paths, means for
determining, for the first set of list decoding paths, that at least one list decoding path of the
first set of list decoding paths satisfics a first error check process using respective decoding
path candidates tor the first ervor check vector and the first information vector, means for
performing the hist decoding operation on a second portion of the sub-channels of the
decoding candidate corresponding to at least a subset of the second information vector to
obtain a sccond set of list decoding paths that arc based at least in part on the first set of list
decoding paths, and means for determining whether at least one of the second set of decoding

paths satisfy the first error check process.

[00607] Another apparatus for wireless communication 18 described. The apparatus may
mclade a processor, memory in electronic communication with the processor, and
mstructions stored in the memory. The instructions may be operable to cause the processor to
monitor, at a user equipment {UE), for a decoding candidate of a codeword encoded
according to a polar code, wherein the decoding candidate 1s based at least in part on a first
mformation vector, a second information vector, and a first error check vector posttioned
between the first information vector and the second information vecior according to a
decoding order of the polar code, perform a list decoding operation on a first portion of sub-
channels of the decoding candidate corresponding to the first information vector and the first
error check vector to obtain a first set of list decoding paths, determing, for the first set of Hst
decoding paths, that at least one bist decoding path of the first set of Tist decoding paths
satisties a first error check process using respective decoding path candidates for the first
error check vector and the first information vector, perform the list decoding operation on a
second portion of the sub-channels of the decoding candidate corresponding to at least a
subset of the second mformation vector to obtain a second set of hist decoding paths that are
based at least 1n part on the first set of list decoding paths, and determine whether at least one

of the second set of decoding paths satisfy the first error check process.
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[0008] A non-transitory computer readable medium for wireless commumication is
described. The non-transitory computer-readable mednmm may mclade instractions operable
0 cause a processor to monitor, at a user equipment (UE), for a decoding candidate of a
codeword encoded according to a polar code, wherein the decoding candidate is based at least
n part on a first information vector, a second information vector, and a first error check
vector positioned between the first information vector and the second information vector
according to a decoding order of the polar code, perform a list decoding operation on a first
portion of sub-channels of the decoding candidate corresponding to the first mmformation
vector and the first error check vector to obtain a first set of list decoding paths, determine,
for the first sct of hist decoding paths, that at least one list decoding path of the first sct of fist
decoding paths satisfies a first error check process using respective decoding path candidates
for the first error check vector and the first information vector, perform the hist decoding
operation on a second portion of the sub-channels of the decoding candidate corresponding to
at least a subset of the second mformation vector to obtain a second set of list decoding paths
that are based at least in part on the first set of Iist decoding paths, and determine whether at

least one of the second set of decoding paths satisfy the first error check process.

[6009] Some examples of the method, apparatus, and non-transitory compuier-readable
medium described above may further include processes, features, means, or instructions for
terminating, prior fo completion of the list decoding operation on the decoding candidate of
the codeword, the list decoding operation based at least in part on a farlure of the first error
check process for all of the second set of list decoding paths deternined while performing the

list decoding operation on the second portion of the sub-channels of the decoding candidate.

[6318] Some examples of the method, apparatus, and non-transitory compuier-readable
mediom described above may further include processes, features, means, or instructions for
marking the at least one list decoding path of the first set of list decoding paths that satisfies
the first error check process using the first error check vector, wherein determining whether
at least one of the second set of decoding paths satisfy the first error check process may be

based at least in part on the marking of the at least one list decoding path.

[0011] Some examples of the method, apparatos, and non-transitory computer-readable
mediom described above may further include processes, features, means, or instructions for
propagating the marking of the at least one list decoding path to child list decoding paths as

part of performing the hist decoding operation on the second portion of the sub-channels of
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the decoding candidate, wheremn each child list decoding path associated with the second
portion of the sub-channels of the decoding candidate inchudes an mdication of whether the

child list decoding path was marked during the first crror check process.

[0012] Some examples of the method, apparatos, and non-transitory computer-readable
mediom described above may further include processes, features, means, or instructions for
performing the list decoding operation on a third portion of the sub-channels of the decoding
candidate corresponding to the first information vector, the second mformation vector, the
first error check vector, and a second error check vector to obtain a third set of list decoding
paths, the second error check vector positioned afier the second information vector. Some
examples of the method, apparatus, and non-transitory computer-readable medium deseribed
above may further include processes, features, means, or instructions for determining, for the
third set of list decoding paths, that at least one list decoding path of the third set of list
decodmg paths satisfies both the first error check process and a second error check process
using respective decoding path candidates for the first information vector, the first error

check vector, the second information vector, and the second error check vector.

[6013] Some examples of the method, apparatus, and non-transitory compuier-readable
mediom described above may further include processes, features, means, or instructions for
performing the list decoding operation on a fourth portion of the sub-channels of the
decoding candidate corresponding to at least a subset of a third information vector positioned
after the second error check vector to obtain a fourth set of list decoding paths that may be
based at least in part on the third set of list decoding paths. Some examples of the method,
apparatus, and non-transitory computer-readable medium described above may further
include processes, features, means, or mstructions for determining whether at feast one of the
fourth set of list decoding paths satisfies the first error check process and the second error

check process.

[0614] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
terminating, prior to completion of the list decoding operation on the decoding candidate of
the codeword, the ist decoding operation based at least in part on a failure of the first error
check process and a failure of the second error chack process for all of the fourth set of list
decoding paths determined while performing the list decoding operation on the fourth portion

of the sub-channels of the decoding candidate.
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[6315] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further melude processes, features, means, or instructions for
performing the first error check process using the first error check vector on the second set of
decoding paths as part of performing the list decodmg operation on the second portion of the
sub-channels of the decoding candidate corresponding to at least the sabset of the second
mformation vector, wherein determining whether at least one of the second set of decoding
paths satisfies the first error check process may be based at least in part on performing the
first error check process while performing the list decoding operation on the second portion

of the sub-channels of the decoding candidate.

[0316] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the determining whether at least one of the second set of decoding
paths satisfy the first error check process occurs at a plurality of mtermediate locations of the
second portion of the sub-channels of the decoding candidate corresponding to at least the

subset of the second information vector.

10G17] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the plurality of intermediate locations corresponds to each sub-

channel of the second portion of the sub-channels of the decoding candidate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 ilustrates an example of a system tor wireless commumnication that
supports early termination of successive cancellation list decoding in accordance with aspects

of the present disclosure.

[6619] FIG. 2 illustrates an example of a device that sapports early termination of
successive cancellation list decoding 1n accordance with aspects of the present disclosure.
[6028] FIG. 3 illustrates an example of codeword generation that supports early

termination of successive cancellation list decoding in accordance with aspects of the present

disclosure.

(6621} FIG. 4 illustrates an example of a decodmg process that supports early termination

of successive cancellation list decoding 1n accordance with aspects of the present disclosure.

[0022] FIG. 5 illustrates an example of a process timeline that supports early termination

of successive cancellation list decoding in accordance with aspects of the present disclosure.
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[6623] FiGs. 6 through 8 show block diagrams of a device that supports carly termination

of successive cancellation list decoding 1n accordance with aspects of the present disclosure.

[0024] FIG. 9 illustrates a block diagram of a system including a UE that supports carly
termination of successive cancellation list decoding i accordance with aspects of the present

disclosure.

[6025] FIG. 10 tHustrates a block diagram of a system including a base station that
supports early termination of suceessive cancellation list decoding in accordance with aspects

of the present disclosure.

{60261 FiGs. 11 through 13 tHlustrate methods for early termination of successive

canceliation list decoding in accordance with aspects of the present disclosure.

DETAILED DESCRIPTION

[0027] In some wireless systems, a base station or a UE may transmit a payvload
containing mformation to be decoded at a receiving device. The message received by the
receiving device may include the payload with some amount of noise introduced by the
transnussion over a wireless communication link. In some cases, the noise may cause errors
to creep indo the information of the payload. To correct for such errors, the payload may be
encoded using an error-correcting code, such as a polar code. When decoding the polar code,
the receiving deviee may use suecessive cancellation decoding to determine a representation
of the original message from the reectved codeword. The representation may be checked
using an error checking code {e.g., a parity check or cychic redundancy check (CRUH. A
detection rate {e.g., block ervor rate { BLER)) may be given by the rate at which a correct
mformation vector is detected, and may be determined as a function of signal-to-noise ratio
{SNR). Instances where the representation passes the error check even when it does not
correctly match the original message, or where a passing error check is found without an
original message {¢.g., a decoding operation on a random codeword or pure noise) may be

referred to as false alarms.

[6028] Technigues are described herein to terminate a list decoding operation before 1ts
completion based on performing ong or more error check processes. A transmitted codeword
encoded using a polar code may molude one or more error check vectors interspersed with
one or more information vectors. Upon receiving a decoding hvpothesis for the codeword

{e.g., a set of resources that corresponds to the codeword size N or a rate-matched subset of N
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and a number of information bits k encoded n the codeword), a decoder may perform a list
decoding operation for the decoding hypothesis. Upon decoding one of the error check
vectors, the decoder may determine whether at least one candidate path used in the successive
cancellation list decodmg operation passes an error check process based on the ervor check
vector. If no candidate paths satisfy the error check process, the decoder may terminate the
list decoding operation. In some exarples, the decoder may recheck whether candidate paths
satisty the error check operation at intermediate positions between error check vectors. Such
rechecking mayv occur during the successive cancellation list decoding process for at least one
mformation bit location that is subsequent to the error check vector being applied according
to a decoding order of the polar code. The error check vectors may be, for example, bit values

determined by a parity check or CRC function of one or more preceding information veciors.

{60297 Aspects of the disclosure are initially described in the context of a wircless
communications svstem. Aspects of the disclosure are iHlustrated by and described with
reference to devices, encoding processes, decoding processes, and process timelines that
relate o early tormination of successive cancellation list decoding. Aspects of the disclosure
are further illustrated by and descabed with reference to apparatus diagrams, system
diagrams, and flowcharts that relate to early termuination of successive cancellation hist

decoding.

[0630] FIG. 1 illustrates an example of a wireless commumnications system 100 in
accordance with various aspects of the present disclosure. The wireless commaunications
systern 100 includes base stations 105, UEs 115, and a core network 130. In some examples,
the wireless conununications system 100 may be a Long Term Evolution (LTE}, LTE-
Advanced (LTE-A) network, or a New Radio (NR) network. In some cases, wircless
communications system 100 may support enhanced broadband communications, oltra-
reliable {i.e.. mission critical) communications, low latency communications, and

communications with low-cost and low-complexity devices.

[00331] Base stations 105 may wirclessly comnumnicate with UEs 115 via one or more
base station antennas. Each base station 105 may provide communication coverage fora
respective geographic coverage area 110, Communication links 125 shown 1 wireless
commumications system 100 may include uplink transmissions from a UE 115 to a base
station 105, or downkink transmissions, from a base station 105 toa UE 115, Control

mformation and data may be multiplexed on an uplink channel or downlink according to
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various technigues. Control information and data may be multiplexed on a downlink channel,
for example, using time division multiplexing (TDM) techniques, frequency division
multiplexing (FDM]} technigues, or hybrid TDM-FDM techniques. In some examples, the
control mformation transmitied during a transmission time interval (TT1) of a downlink
channel may be distributed between different control regions in a cascaded manner (e.g.,

between a commion control region and one or morg UE-specific control regions).

[6032] UEs 115 may be dispersed throughout the wireless commumnications system 100,
and ¢ach UE 115 may be stationary or mobile. A UE 115 may alsc be referred to as a mobile
station, a subscnber station, a mobile unit, a subscriber unit, a wireless unit, 3 remote unit, a
mobile device, a wireless device, a wireless commumications device, a remote device, a
mobile subscriber station, an access terminal, a mobile terminal, a wireless 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 cordless phone, a personal electronic device, a handheld device, a personal
computer, a wircless local loop (WLL) station, an Internet of Things (IoT) device, an Intemet
of Evervthing (foE) device, a machine type communication {MTC) device, an appliance, an

astomobtile, or the like.

[00633] 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 UHs 115 utilizing D2D communications may be within the coverage area 119 of a cell.
Other UEs 115 in such a group may be outside the coverage arca 110 of a ccll, or otherwise
unable to recetve transmissions from a base station 105, In some cases, groups of UEs 115
commumicating via D2D communications may utilize a one-to-many (1:M) system in which
cach UE 1135 transmits to every other UE 115 n the group. In some cases, a base station 105
facilitates the scheduling of resources tor D2D communications. In other cases, D2D

communications are carmed out independent of a base station 105,

[00634] Some UEs 115, such as MTC or loT devices, may be low cost or low complexaty
devices, and may provide for automated communication between machines, ie., Machine-to-
Machine {(M2M} communication. M2M or MTC may refer to data communication
cchnologies that allow devices to communicate with one another or a base station without

human ntervention. For example, M2M or MTC may refer to communications from devices
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that integrate sensors or meters to measure or capture information and relay that information
to a central server or application program that can make vse of the information or present the
mformation to humans interacting with the program or application. Some UHs 115 may be
designed to coliect information or enable automated behavior of machines. Examples of
applications for MTC devices mmclude smart metering, nventory monitoring, water level
monitonng, equipment monitoring, healthcare monitoring, wildhife monitoring, weather and
geological event monitoring, fleet management and tracking, remote security sensing,

physical access control, and transaction-based busmess charging.

100G35] In some cases, an MTC device may operate using hatf-duplex {onc~-way)
communications at a reduced peak rate. MTC devices may also be configured to enter a
power saving “deep sleep” mode when not engaging i active communications. In some
cases, MTC or loT devices may be designed to support mission critical functions and
wireless communications svstem may be configured to provide ultra-reliable communications

for these functions.

[0036] Base stations 105 may conununicate with the core network 130 and with one
anocther. For example, base stations 105 may interface with the core network 130 through
backhaul finks 132 {e.g., 81, etc.}. Base stations 105 may communicate with one another over
backhaul links 134 {e.g., X2, etc.) cither directly or indirectly {e.g., through core network
130). Base stations 105 may pertorm radio contiguration and scheduling for communication
with UEs 115, or may operate under the conirol of a base station controller (not shown). In
soime examples, base stations 103 mav be macro cells, small cells, hot spots, or the like. Base

stations 105 may also be referred to as evolved NodeBs (¢NBs) 103,

{60371 A base station 105 may be connected by an 51 mterface to the core network 130,
The core network may be an evolved packet core (EPC), which may include at least one
mobility management entity (MME), at least one serving gateway (S~-GW), and at least one
Packet Data Network (PPN} 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)
packets may be transterred through the S-GW, which itself may be connected to the P-GW.
The P-GW may provide IP address allocation as well as other fumctions. The P-GW may be
connected to the network operators IP services. The operators IP services may include the
Internet, the Intranet, an 1P Multimedia Subsystem (IMS), and a Packet-Switched (PS)

Streaming Service.
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[6038] The core network 130 mayv provide user authentication, access authorization,
tracking, Internet Protocol (IP) connectivity, and other access, routing, or mobility fumctions,
At least some of the network devices, the base station may mchude subcomponents such as an
access network entity, which may be an example of an access node controller (ANC). Hach
access network entity may communicate with a number of UEs 115 through a number of
other access network transmission entities, cach of which may be an example of a smart radio
head, or a transmission/reception point (TRP). In some contigurations, various functions of
cach access network entity or base station 105 may be distributed across various network
devices {e.g., radio heads and access network controllers) or consclidated into a single

network device {(e.g., a base station 105),

{6039] Wireless communications system 100 may operate in an uitra-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 alse be known as the decimeter band, since the
wavelengths range from approximately one decumeter to one meter in length, UHF waves
may propagate mainly by line of sight, and may be blocked by buildings and environmental
features. However, the waves may penetrate walls sufficiently to provide service to UEs 113
located indoors. Transmission of UHF waves is characterized by smaller antennas and shorter
range {e.g., less than 100 km) compared to transmission using the smatler frequencies {and
longer waves) of the high frequency (HF) or very high frequency (VHF) portion of the
spectrim. I 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 mav be even smaller and
more closcly spaced than UHF antennas. In some cases, this may facilitate use of antenna
arrays within a UE 115 {e.g., for directional beamforming). However, EHF transmissions
may be subject to even greater atmospheric attenuation and shorter range than UHF

transmissions.

10040] Thus, wireless communications system 100 may support millimeter wave (mmW)
communications between UEs 115 and base stations 103. Devices operating in mmW or EHF
bands may have multiple antennas to aliow beamforming. That is, a base station 105 may use
multiplc antennas or antenna arrays to conduct beamforming operations for directional

communications with a UE 115, Beamforming (which may also be referred to as spatial
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filtering or directional transmission) is a signal processing techmque that may be used at a
transmitter {e.z., a base station 103} to shape and/or steer an overall antenna beam in the
direction of a target receiver {e.g., a UE 115}, This may be achieved by combining elements
i an antenna array i such a way that transmutted signals at particular angles experience

constructive interfergnce while others expenence destructive interference.

[6041] Multiple-input multiple-output (MIMO) wireless systems use a transmission
scheme between a transmuitter {e. g, a base station 105} and a receiver (e.g., a UE 115), where
both transmuitter and receiver are ¢quipped with meltiple antennas. Some portions of wireless
cormmunications 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 base station
105 may use for beamforming in its conmnonication with UE 1135, Signals may be transmitted
multiple imes in different directions {e.£., cach transmission may be beamformed
differently). A mmW receiver {e.g., a UE 115) may try multiple beams (e.g., antenna

subarrays} while recetving the synchromization signals,

{0042] In 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 or antenna arrays may be collocated at an antenna assembly, such
as an antenna tower. In some cases, antennas or antenna arrays associated with a base station
105 may be located in diverse geographic locations. A base station 105 may multiple use
antennas or antenna arrays to conduct beamforming operations for directional

communications with a UE 115,

[0043] In some cases, wireless communications svstem 100 may be a packet-based
network that operate according to a layered protoco! stack. [ 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
layver may also use Hybrid ARQ (HARQ) to provide retransmussion at the MAC layer to
mmprove link efficiency. In the control plane, the Radio Resource Control (RRE) protocol
laver may provide establishment, configuration, and maintenance of an RRC connection

between a UE 115 and a network device 105-¢, network device 105-b, or core network 130



WO 2018/209486 PCT/CN2017/084302

supporting radio bearers for user plane data. At the Physical (PHY} laver, transport channels

may be mapped to physical channels.

[0044] Time intervals in LTE or NR may be expressed in multiples of a basic time unit
{which may be a sampling period of Ty= 1/30,720,000 scconds). Time resources may be
organized according to radio frames of length of 10ms (T = 3072007,), which may be
identified by a system frame number (SFN) ranging from 0 to 1023, Each frame may nclude
ten 1ms subframes numbered from 0 to 9. A subframe may be further divided mio two Sms
slots, cach of which contains 6 or 7 modelation symbol periods (depending on the length of
the cyclic prefix prepended to cach symbol}. Excluding the eyclic prefix, each symbol
containg 2048 sample periods. In some cases the subframe may be the smallest scheduling
unit, also known as a TTL In other cases, a TH may be shorter than a subframe or may be
dyvnamically selected {e.g., in short TT1 bursts or in selected component carriers using short

T¥is).

10045} A resource element may consist of one symbol period and one subcarnier {e.g., a
15 KHz frequency range). A resource block may contain 12 consecutive subcarricrs in the
frequency domain and, for a normal cychic prefix in each orthogonal frequency-division
multiplexing (OFDM) symbol, 7 consecutive OFDM symbaols in the time domain (1 slot), or
84 resource clements. The number of bits carried by cach resource element may depend on
the modulation scheme (the configuration of symbols that may be sclected during cach
symbol pertod}. Thus, the more resource blocks that a UE receives and the ligher the

modulation scheme, the higher the data rate may be.

[0046] Wireless communications system 100 may support operation on mudtiple cells or
carriers, a feature which may be referred to as carrier aggregation (CA) or multi-carrier
operation. A carrier may also be referred to as a component carrier (CC), a laver, a channel,

w5

etc. The terms “carnier,” “component carrier,” “cell,” and “channel” may be used
mterchangeably herein. A UE 115 may be configured with multiple downlink CCs and one or
more uplink CCs for cammier aggregation. Carrier aggregation may be used with both

frequency division duplexing (FDD) and time division duplexing (TDD) component carriers.

100471 In some cases, wireless communications system 100 may utilize enhanced
component carriers (€CCs). An ¢CC may be characterized by one or more features mncluding:
wider bandwidth, shorter symbol duration, shorter TTls, and modified control channel

configuration. In some cases, an ¢CC may be associated with a carrier aggregation
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configuration or a dual connectivity configuration (e.g., when multiple serving cells have a
suboptimal or non-ideal backhau! hink). An eCC may also be configured for use in unlicensed
spectrum or shared spectrum (where more than one operator is allowed to use the spectrum).
An ¢CC characterized by wide bandwidth may include one or more segments that may be
utifized by Uls 115 that are not capable of monitoring the whole bandwidth or prefer to use a

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

[6048] In some cases, an ¢CC may otibize a different symbol duration than other CCs,
which may include use of a reduced symbol duration as compared with symbaol durations of
the other CCs. A shorter symbol duration is associated with increased subcarricr spacing. A
device, such as a UE 113 or base station 103, utilizing ¢CCs may fransmit wideband signals
{e.g., 20, 40, 60, 80 MHz, erc.) at reduced symbol durations {e.g., 16.67 microseconds). A
TTL in eCC may consist of one or multiple svmbols. In some cases, the TT1 duration {that is,

the number of symbols in a TT1) may be vanable.

160491 A shared radio frequency spectrum band may be utilized in an NR shared
spectrum svstent. For exaraple, an NR shared spectrum may utilize any combination of
licensed, shared, and wnlicensed spectrums, among others. The flexability of eCC svmbol
duration and subcarmier spacing may allow for the use of eCC across mudtiple spectrums. In
some cxamples, NR shared spectrum may inerease spectrum utilization and spectral
efficiency, specifically through dynamic vertical (e.g., across frequency) and honzontal (e.g.,

across time} sharing of resources.

[0050] In some cases, wircless system 100 may utilize both hcensed and unlicensed radio
frequency spectrum bands. For example, wireless system 100 may employ LTE License
Assisted Access (LTE-LAA)Y or LTE-Unlicensed {LTE-U) radic access technology or NR
cchnology in an unlicensed band such as the 5Ghz Industrial, Scientific, and Medical (ISM)
band. When operating i unlicensed radio frequency spectrum bands, wireless devices such
as base stations 105 and UEs 115 may employ listen-before-talk (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.
Operations i unlicensed spectrum may include downlink transmissions, uplink
transmissions, or both. Duplexing in volicensed spectrum may be based on FBD, TDD, ora

combination of both.
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(60511 In the wireless communications system 100, a base station 105 or a UE 115 may
encode a message for transmission using a polar code. The resulting codeword may include
one or more error check vectors interspersed with the mformation portions of the codeword.
A base station 105 or a UE 115 that receives the codeword over a wireless commumnication
link may use the error check vectors to determine whether a list decoding operation should be
prematurely terminated. If none of the current candidate paths in the list decoding operation
satisty an error check process based on an error check vector, the decoding device may
terminate the list decoding procedure immediately. Such early termination may reduce false
alarm rates associated with decoding and may reduce waste of computational resources of the

decoding device.

[0052] FI(s. 2 illustrates an example of a device 200 that supports carly termination of
successive cancellation list decoding in accordance with various aspects of the present
disclosure. In some cases, messages may be encoded using a polar code. To ensure that the
correct message 18 decoded, an encoding device {e.g., device 200) may embed error check
vectors in the codeword having bits with values determined from prior bits in a decoding
order for the polar code. When decoding a decoding hvpothesis for the codeword, a decoding
device {e.g., device 200) may terounate a list decoding operation carly if all of the surviving
list decoding paths fail to pass an error check process implemented using one or more of the
error check vectors embedded 1n the codeword. The device 200 may be any device withina
wireless communications system 100 that performs an encoding or decoding process {e.g.,
using an grror-correcting code). In some cases, such as in 534G NR systems, the error-
correcting code may be an example of a polar code. The device 200 may be a UE 115 or base

station 105, as described with reference to FIG. 1.

166537 Ag shown, device 200 mcludes a memory 205, an encoder/decoder 210, and a
transmitter/receiver 215, First bus 220 may connect memory 203 o encoder/decoder 210 and
second bus 225 may connect encoder/decoder 210 to transmutter/receiver 215, In some
mstances, device 200 may have data stored i memory 2035 to be transmitted to another
device, such as a UE 115 or base station 105, To mitiate the transmission process, device 200
may retrieve from memory 205 the data for transmission. The data may include a number of
mformation bits, which may be 1s or Os, provided from memory 205 to encoder/decoder 210
via first bus 220, The number of information bits may be represented as a value k. as
shown. The encoder/decoder 210 may encode the number of information bits and output a

codeword having a length “N,” which may be different than or the same as k. The bits that are
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not allocated as information bits {i.e., N — k bits) may be assigned as frozen bits or panty bits.
In some cases, the information bits may be assigned to the k most reliable bit channels, and
the frozen bits may be assigned to the remaining bit channels. Frozen bits may be bits of a
default value {e.g., 0, 1, etc.} known to both the encoder and decoder (7.2, the encoder
encoding mformation bits at a transmitter and the decoder decoding the codeword received at
areceiver). Further, from the receiving device perspective, device 200 may receive encoded
data via receiver 215, and decode the encoded data using decoder 210 to obtain the

transmutted data.

{0654] In some wircless systems, decoder 210 may be an example of an SC or successive
canceliation list (SCL) decoder. A UE 115 or base station 105 may receive a transmission
mcluding a codeword at receiver 215, and may send the transmission to the SC or SCL
decoder {e.g., decoder 210). The decoder 210 may determine input {e. g., unpolarized) log-
ikelihood ratios {(LLRs) for the bit channels of the received codeword. During decoding, the
decoder 210 may determine decoded LLRs based on these input LERs for each decoding
path, where the decoded LLRs correspond to each polarized bit channel of the polar code.
These decoded LLRs may be referred to as bit metrics. In some cases, ifthe LLR s zero ora
posttive value, the decoder 210 may determine the corresponding bit 1s a O bit, and a negative
LLR may correspond to a 1 bit. The decoder 210 may use the bit metrics to determine the

decoded bit values.

[6035] An SCL decoder may employ multiple concurrent 5C decoding processes. Pue to
the combimation of multiple SC decoding processes, the SCL decoder may calculate multiple
decoding path candidates. For example, an SCL decoder of list size ‘L’ (i.e., the SCL decoder
performs L SC decoding processes) may calculate L decoding path candidates, and a
corrgsponding reliability metric {e.£., a path metric) for each decoding path candidate. The
path metric may represent a reliability of a decoding path candidate or a probability that the
corresponding decoding path candidate is the correct set of decoded bits. The path metric
may be based on the determined bit metrics and the bit values selected at each bit channel.
The SCL decoder may have a number of levels cqual to the nomber of bit channels in the
received codeword. At cach level, cach decoding path candidaie may select eithera O bitora
1 bit based on a path metric of the 0 bit and the 1 bit. The SCL decoder may sclect a decoding
path candidate based on the path metrics, and may cutput the bits corresponding to the
selected decoding path as the decoded sets of bits. For example, the SCL decoder may select

the decoding paths with the highest path metrics.
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[60356] Each SC decoding process may decode the codeword sequentially {e.g., in order
of the bit channel indices) due to LLR derivation dependencies. That 1s, because the first bit
channel depends on the input LLRs and no decoded bits, cach SC decoding process may first
decode the bit corresponding to the first bit channel. Decoding bits for each following bit
channel depends on feedback of previously decoded bits. For example, decoding the bit for
the second bit channel depends on feedback from decoding the first bit channel, decoding the
bit for the third bit chanunel depends on feedback from decoding the first and second bit
channels, efe. Thus, information cocoded n bit channels with lower indices are decoded
carlier than information encoded in bit channels with higher indices based on the sequential

nature of SC polar decoding.

{00587 In some cases, the encoder 210 may generate one or more error check vectors
{e.g.. a CRC) and insert the one or more error check vectors within the codeword. For
example, in addition to or instead of including a single error check vector at the end of the
codeword, the encoder 210 may include multiple error check vectors throughout the
codeword. In some cases, the encoder 210 may use a higher number of parity bits when using
this multiple parity check scheme. The encoder 210 mav identify one or more locations in an
mformation vector to insert the error check vectors and insert the error check vectors in those
identified locations. An error check vector may be an example of a parity check vector, a

CRC vector, a lingar-feedback shift register (LFSR), or combinations thereof.

[0058] A decoder 210 at the device 200 may perform multiple error checks on the
codeword throughout the decoding process. In this way, the decoder 210 may terminate a list
decoding process before reaching the end of the decoding when certain conditions are mct.
For example, if the decoder 210 determines that none of the list decoding paths satisfy the
error check processes implemented using the error check vectors, the decoder 210 may
terminate the list decoding operation before reaching the end of the operation. Early
termination may improve power consumption, and may reduce a false-alarm rate of a polar
decoding process. A false alarm cccurs when the decoder 210 identifies a message that is, in
fact, not the message that was transmitted by the encoder. Said another way, f the decoder
210 determines that none of the current list decoding paths ropresent the original message that
was transmitted, the decoder 210 may terminate the hist decoding operation cardy. This way,
the decoder 210 may not waste computational resources decoding a message it knows is

mcaorrect. In addition, these procedures may save power i some devices. Encoding and
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decodmg data takes power. Any reduction in the amount of time encoding and decoding

mformation may redace the power consumption of the device.

[60359] A device 200 decoding the codeword may perform one or more operations using
at least a portion of the decoded bits before completing decoding of the entire codeword.
After decoding a first set of fields {e.g., a first information vector), the device 200 may
decode a first set of error check bits. In some cases, the codeword may include an adequate
number of error check bits to meet targeted coding performance thresholds {e.g., a block error
rate {BLER} or false-alarm rate (FAR)) for the first set of ficlds. Based on the first set of error
check bits, the decoder 210 may determine which paths do not pass the error check. The
decoder 210 may mark which paths fail to pass the error check. The decoder 210 generaily
does not prune paths based on the results of the error check, but rather the pruning of paths is
performed at information bit locations based on path metrics {¢.g., i selection of L paths
from the 2L paths generated by the different bit values for the information bit location). In
some examples, pruning based on the error check is not performed in order that the false
alarm rate 1 not increased by constraining the decoding paths to valid paths. Thus, the error
check may be used to determine whether the hist decoding operation may be terminated carly

rather than for pruning purposes.

(606681 in some examples, the decoder 210 may determine whether the current list
decoding paths satisfy one or more error checks at any point in the decoding operation afler
encountering an error chock vector. In such examples, the decoder 210 may determine
whether the current paths pass the error check process when decoding mformation bits after

the error check vector in the decoding order.

10061 FI$, 3 ilustrates an example of codeword gencration 300 that supports early
termination of successive cancellation list decoding in accordance with various aspects of the
present disclosure. In some exampies, codeword generation 300 may implement aspects of
wircless communication system 100. Codeword generation 300 illustrates encoding one or
more mformation vectors 303 and onc or more error check vectors 310 into one or more
codewords using a polar code. Codeword generation 300 may be performed by a base station
105 or UE 115 as described with reference to FIG. 1, or by the device 200 as described with

reference to Fi(. 2.

166621 An encoding device, such as a base station 105 ora UE 115, may have one or

more pavloads to transmit to a decoding device, such as a base station 105 ora UE 115, The
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one or more pavioads may contain information vectors 305 made up of information bits that
may comunicate control-plane information or user-plane information. The device may
encode the mformation vectors 305, which may correspond to BCH or UCK, for transmission

within a single TT1 {2 g., a slot) using a polar code. The information vector 305 may include
the bits of a message to be transmutted between the base station 505 and the UE 510. The
mformation vector 305 may include wmformation from a single source or may include
mformation from multiple sources. In some exarmples, the information vector 303 may be a
single mfommation vector that is encoded as a single block. In some examples, the
mformation vector 305 may refer to a set of mformation vectors that are each encoded

scparately.

[0063] In some examples, the encoding device may intersperse one or more error check
vectors 310 within the information vector 305 to reduce a false alarm rate of a decoding
process. The error check vectors may be configured to ensure that a decoding device 1s
decoding accurate data as transoutted by an encoding device. When a receiver recetves a
signal, the signal includes the transmitted data with some added noise. The added noise may
cause the decoder device to misinterpret the received data. For example, a logic °17 may be
transmitted, but due to added noise in the received signal, the decoder may mierpret the
recetved bit as a logic *0.” The error check vector 310 may include one or more bits having
values known to both the transmitter and the receiver. Upon decoding the error check vector
310, the decoding device may cross-reference the decoded bits with the expected values that
are already known to the decoder. If the decoded ervor check vector matches the expected
values of the error check vector, the decoder may have additional confidence that the

message is being decoded correctly.

13064} In some cases, an encoding device may intersperse the one or more error check
vectors 310 in the information vector 305, To reduce a false alarm rate with received
codewords encoded using polar codes, the encoding device may integrate error check vectors
with the mformation vectors {e.g., sub-vectors of the information vector 305) prior to
transmtting the codeword. In some examples, to mitigate wasting computation resources, the
crror check vectors may be distributed at vartous positions with the information vector. In
such examples, an error check vector may be positioned between different sets of information

bits.
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[6065] To mtersperse the error check vectors 310, the encoding device may group the
mformation vector 305 to portions or groups 315, These portions or groups 315 may be
referred to as an information vector. The encoding device may group the information vector
305 based on the source of specific information bits, arbitrary groupings, the size of the
mformation vector, on predetermined sizes of information vectors, predetermined locations
for error check vectors, the priority of the specific information in the information vector, or
combinations thereof. In some examples, the error check vectors 310 may be generated based
on the mformation vector(s) or groups 315 that precede the error check vectors 310. In some
examples, the positions of the error check vectors 310 in the mformation vector 305 may be
predeternuined 1 a static configuration. In some examples, the positions of the error check

vectors 310 in the mformation vector 305 may be dynamically chosen by the encoder.

[G066] In some examples, the positions of the error check vectors 310 in the resultant
vector 320 may be based on the groups of the information vector 305, For example, the crror
check vectors 310 may be positioned at the end of a group 315 of the information vector 303.
In some examples, an error check vector 310 may be positioned at the end of the information
veetor 305 as a final error check. In some examples, each error check vector 310 may be a
function of one or more information vectors 303 positioned the error check vector 310 1n
question. In some examples, the last ervor check vector 310 may be a function of all of the

nformation vectors 305 in the codeword.

[6067] Once the resultant vector 320 has been generated, the encoding device may
encode the resultant vector 320 with a polar code. The resultant vector 320 may include any
number of error check vectors 310 {e.g., zero, one, two, three, four, five, six, seven, cight,

eic.).

[0068] in some examples, an encoder may encode a single codeword for all information
bits of a TTI {e.g., a slot). For example, it an encoder has multiple pavicads to encode for
transmission 1n g stngle TTI {e.g., if the total information bits are made up of multiple sets of
mformation bits, cach set corresponding to a different payioad), the encoder mav concatenate
the multiple payioads into a single joint payload {e.g., information vector 305). The encoder
may encode the joint payload into a single codeword. Using a single codeword rather than
multiple smaller codewords in the TTI may improve BLER coding performance and may

allow a decoder to perform fewer decoding hypotheses. A single codeword may include
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multiple error check vectors separating fields of data (¢ g., mformation vectors or groups

315).

[0069] FIG. 4 illustrates an example of a decodmg process 400 that supports carly
termination of successive cancellation list decoding in accordance with various aspects of the
present disclosure. In some examples, the decoding process 400 may implement aspects of
wireless communication system 100. The decoding process 400 may be performed by a base
station 103, a UE 115, or a device 200 as described with reference to FIGs. 1 and 2. For
example, the decoding process 400 may be performed by an SCL decoder of list size L = 4,
with L list decoding paths 420. The decoding process 400 may be represented by a binary
tree, where each branch in the tree represents assigning a decoded bit to a bit channel for a
decoding path. In some cases, cach upwards branch may represent assigning a 0 for a bit
channel, while the corresponding downward branch may represent assigning a 1 for that bit
channel. In such cases, list decodimg path 420-h may represent the assigned bits

100101101011 for the first twelve information and parity bif channels of the codeword.

10G70] In some cases, the decoding process may be an example of decoding bit channels
of a codeword 405 encoded vsing a polar code. The codeword 405 may be organized with
one or more error check vectors 415 inferspersed with one or more information vectors 410.
In some examples, the bit value(s) of the error check vectors 415 may be generated using a
function that depends on the bits of one or more mfommation vectors 410 that precede the
specific error check vector 415, For example, the error check vector 415-a may be based on
the mformation vector 410-a, the error check vector 415-b mav be based on the information
veetor 410-b, efe. In some examples, cach error check vector 415 may be a function of one or
more information vectors 410 positioned prior to the ervor check vector 415 in question. For
exaraples, the error check vector 415-b may be a function of the first information vector 410-
a and the second information vector 410-b. The codeword 4035 may also include error check
vector 415-d which may be generated using a function that depends on the bits of all of the
mformation vectors 410-a, 410-b, and 410-¢, and which may be located at the end of the
codeword. In some cases, the codeword may not inclade ¢rror check vector 415-¢ for a last
mformation portion, and instead the last data information vector 410-¢ may be followed by
the error check vector 415-d based on the bits for all of the ficlds in the codeword. The
mformation vectors 410 and error check vectors 415 shown may itlustrate an organization of
mformation bits used to encode the codeword, and may not show other aspects of encoding

process, such as frozen bit placement. In some cases, the information vectors 410 may be
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examples of the mformation vectors 305, 315 described with reference to FIG. 3. In some
cases, the error check vectors 415 may be examples of the error check vectors 310 described

with reference to FIG. 3.

[0071] Ag an SCL decoder of list size L = 4, the decoder may concurrently process {e.g.,
maintain afier processing ¢ach information bit) four candidate paths. Following decodimg of
the first error check vector 415-a at bit channel 4235-g, the SCL decoder may check for any
candidate paths that do not pass the error detecting check. The 5CL decoder may mark which
candidate paths pass the error detecting check. In some examples, the SCL decoder may mark
which candidate paths do not pass the error detecting check. The SCL decoder may select
surviving candidate paths independent of the results of the error detecting check that uses the
error check vectors 4135, The selection of surviving list decoding paths 420 may be based on
path metrics and may mchude propagating any markings about the error check process to any
child list decoding paths. At any point in the Iist decoding operation afier the first ervor check
vector 415-a, the SCL decoder may terminate the list decoding operation carly, if none of the
surviving list decoding paths 420 pass of the one or more error check operations associaied

with error check vectors 415,

100721 The decoding device may perform a list decoding operation on the first
mformation vector 410-a of a decoding candidate {e.g., codeword 405) encoded using a polar
code. Dunng the fist decoding operation, the decoding device may obtain a first set 430 of list
decoding paths 420 that is based on the first information vector 4103 and the first error check
vector 415-a at bt channel 425-g. In some cxamples, the decoded bits for each list decoding
path 420 in the first set 430 is different. The first set 430 of list decoding paths 420 may
mnclude a number of list decoding paths that are equal to the list size of the SCL decoder (e.g.,

L=4),

[6073] At bit channel 425-g, the SCL decoder may perform an error check process based
on the first error check vector 415-a. The error check process may include comparing the bit
values at bit channels 425-f and 425~g for cach list decoding path 420 of the first set 430 10
expected bit values. Because bit channels 425-f and 425-g correspond to the first error chee
vector 415-a, the SCL decoder can determine expected bit values for those bit channels based
on the decoded bit values for bit channels 425-a through 425-f for the decoding paths. i the
decoded bit values at bit channels 425-f and 425-g for a particular list decoding path 420 arc

equal 1o the expected bit values, the SCL decoder may deternune that the particular list
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decoding path passes the error check process. In some exarmples, a list decoding path may be

referred to as a candidate path.

[6074] i the SCL decoder determines that none of the list decoding paths 420 of the first
set 430 satisty the error check process, the SCL decoder may terminate the hist decoding
operation immediately. When a hist decoding path 420 fails to satisfy the error check process,
such a result may indicate that the list decoding path 420 is not an accurate representation of
the data transmitted by the encoder. The SCL decoder receives a codeword that includes data
and noise. The ncise may cause indroduce errors into the received codeword when compared
to the transmitted codeword. Failing an error check process may indicate a likelihood that the
failing hist decoding path does not accurately reflect the bits that were transmutted. If none of
the hist decoding paths 420 in the first set 430 pass the error check process, it may indicate
that ali of the list decoding paths 420 of the first 430 do not accurately represent the data that
was transmitted. Instead of using computational resources on decoding operations that will
not produce a successfidly decoded message, the SCL decoder may terminate the hist
decoding procedure before reaching the end of the list decoding procedure. In many cases,
however, some of the all of the list decoding paths mayv satisfv the error check process. In

such cases, the SCL decoder may continue performing the hist decoding operation.

160751 in some cases, upon determining that at least one list decoding path of the first set
430 satisfies the error check process, the SCL decoder may mark the at least one list decoding
path. Marking the list decoding paths may include toggling a bit associated with a given
decoding path indicating that the error check process was passed. In some examples, the SCL
decoder mav mark the list decoding paths that do not satisty the crror check process rather

than those that do.

160761 Independent of the results of the error check process, the SCL decoder may select
L st decoding paths to survive to bit channel 425-h based on the path metnics of the hist
decoding paths in the first set 430. As sach, the SCL decoder may prune the candidate paths
that have the lowest path metrics. For example, if the number of paths in an SCL decoder is
four, the SCL decoder will prune all but the four paths with the best path metrics. For
example, at bit channel 425-g, the SCL decoder may prune a list decoding path 420-d due to
msufficient path metrics, while allowing list decoding paths 420-a. 420-b, and two list

decoding paths from 420-c advance to bit channel 425-h.
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(06771 In some of the marking cases, the SCL decoder may propagate the marking of the
st decoding paths 420 of the first set 430 that satisty the error check process to their
surviving child list decoding paths. For cxample, 1t hist decoding path 420-c satisfied the error
check process associated with the first error check vector 415-a, the SCL decoder may mark
the hist decoding path 420-¢ as passing. Accordingly, both list decoding paths that branch
from the list decoding path 420-¢ at bit channel 425-h may be marked as passing the first

error check process associated with the first error check vector 415-a.

10078] Afier determiming that at least one of the list decoding paths 420 satisfies the first
crror check process, the SCL decoder may continue the list decoding operation by moving o
bit channel 425-h. The SCL decoder may continue with typical ist decoding operations by

pruning candidate paths that have the lowest path metrics.

(60791 The SCL decoder may determune whether surviving list decoding paths satisfv the
first error check process at one or more points after bit chamnel 425-g. For example, while
processing bit channels 425 associated with the second information vector 410-b {e.g., bit
channels 425-b through 4235-k), the SCL decoder may make deternunations about whether the
surviving list decoding paths satisfy the first ervor check process. Through the process of
pruning list decoding paths whose path metrics are the lowest path metrics, the SCL decoder
may prune the descendants of list decoding paths that pass the first error check process. By
checking whether current list decoding paths 420 satisfy the first error check process at
mtermediate locations, the SCL decoder conserve power, fiee computational resources for
other processes, and/or avoid using communication resources on a list decoding operation
that may not yicld a correct resulf. In some examples, these operations may mitigate false

alarms.

100801 The SCL decoder may recheck the first error check process at infermediate
locations using a variety of procedures. In some mstances, at bit channel 425+, the SCL
decoder may determine whether any of the current list decoding paths 420 of a second set 435
have been marked based on the results of the first error check process. For example, if list
decoding path 420-¢ was marked as passing the first error check process and list decoding
path 420-b was not marked because 1t failed the first error check process, the SCL decoder
may determine that three of the four list decoding pathg in the second set 435 pass the first
error check process. This is because three for the four hist decoding paths in the second set

435 are descendants ot the hist decoding path 420-¢ and one of the four list decoding paths in
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the second set 433 15 a descendant of the hist decoding path 420-b. Using the marking may be
possible because the marking may be propagated to children st decoding paths of the list
decoding paths of the first set 430 In other instances, the SCL decoder mav perform the first
error check agamn on the hist decoding paths of the second set 435, rather than check a

marking.

(0081} The SCL decoder may determine whether list decoding paths satisfyv the first error
check process at any bit channel after the first error check vector 415-a. In some examples,
the SCL decoder may make this determination at every bit channel after the first error check
veetor 415-a. In some examples, the SCL decoder may make this determination at discrete
mitermediate locations {e.g., every other bit channel or every third bit channel). Although
described above that a first error checking process for the first error check valoe 415-a 15
performed at bit channel 425-g, in some exarples the first error checking process using the
first error check value 415-a may be performed after bit channel 425-g. That 1s, one or more
additional bit channels 425 may be processed before the first error checking process using the

first error check value 415-a is performed.

[0082] If the SCL decoder determines at any time that all of the list decoding paths 420
fail to satisfv the first error check process, the SCL decoder may terminate the fist decoding
operation immediately. Rechecking the first error check process at intermediate locations
during decoding may vield a more ¢fficient use of computational resources of the SCL.

decoder than not rechecking.

[0083] Afier decoding bit channels associated with the second information vector 410-b
and the second error check vector 415-b, the SCL decoder the SCL decoder may perform a
second error check process based on the second error check vector 415-b at bit channel 425-
m. The second error check process may include comparing the bit values at bit channel 425-
m for cach list decoding path 420 of a third set 440 to an expected bit value. Becanse the bit
channel 425-m corresponds to the second error check vector 415-b, the SCL decoder may be
capablc of determining expected bit values for the bit channel. If the decoded bit value at bit
channel 425-m for a particular list decoding path 420 1s equal to the expecied bit value, the
SCL decoder may determine that the particular list decoding path passes the second error
check process. The second error check process may be an example of the first error chock
process that uses the sccond error check vector 415~b rather than the first error check vector

415-a. The second error check vector 415-b has a different vector length {e. g., one bit) than
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the first error check vector 415-a {e.g., two bits). The error check veciors 415 may be any bit

length {e.g.. one, two, three, four, five, six, seven, eight, esc.).

{0084] The SCL decoder may temunate the hist decoding procedure prematurely it ail of
the hist decoding paths 420 of the third set 446 fail the second error check process. In some
examples, the SCL decoder may terminate the list decoding procedure only if all of the list
decoding paths 420 of the third set 440 fail the first ervor check process and the second error
check process. In some cases, the SCL decoder may mark whether the list decoding paths 420
of the third set 440 satisfy the second error check process. The SCL decoder may test whether
surviving hist decoder paths satisty the second crror check process and/or the first error check

process at intermediate bit channels after the second error check vector 415-b.

100851 Such error check processes and intermediate testing of error check process may
continue to occur for each ervor check vector 415 in the decoding candidate. The positions for

mtermediate testing occur at locations that correspond to sub-channels of information vectors.

[6086] Fi1G. 5 illustrates an example of a process timeline 360 that supports early
termination of successive cancellation list decoding in accordance with various aspects of the
present disclosure. The process timeline 500 shows encoding and decoding operations that
use error check vectors interspersed with information vectors in the codeword. Such
mterspersed error check vectors may be used to termunate a hist decoding process early in the

event that all of the corrent list decoding paths fail the parity checks.

[6087] In some examples, the process timeline 500 may implement aspects of wireless
communication system 100, The process timeline 500 may Hustrate communications
between a base station 505 and a UE 510. While the process timeline 500 illustrates processes
im a downlink context, the functions of the process timehine 500 may be implemented in an
uplink context. In such uplink contexts, the functions of the base station 505 may be
performed by the UE 510 and vice versa. The base station 505 may be an example of the base
stations 105 or the device 200 described with reference to FIGs. 1 and 2. The UE 510 may be

an example of the UEs 115 or the device 200 described with reference to FIGs. and 2.

[6088] At block 515, the base station 505 may generate one or more information vectors
for the codeword. The information vector may include the bits of a message 1o be transmitted
from the base station 505 to the UE 510. The mformation vector may include control

miormation and/or user information to communicate to the UE 510,
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[00G89] At block 520, the base station 505 may generate error check vectors for the
codeword. The error check vectors may be configured to ensure that a decoding device is
decoding accurate data as transmitted bv an encoding device. The error check vectors may be

based on data i the related mformation vectors.

[0090] At block 5235, the base station 505 may position the one or more error check
vectors 1n the one or more information vectors. By interspersing one or more error check
vectors in the one or more information vectors, the base station 505 may reduce a false alarm
rate associated with a received codeword and/or mitigate wasting computation resources
performing list decoding operations that will likely vield inaccurate results. The base station

503 may position the one or more error check vectors at various locations within or between

the one or more mformation vectors.

(60911 At block 530, the base station 505 may encode the resultant vector that includes
the one or more mformation vectors and the error check vectors into a codeword. The vector
may be encoded using a polar code. In some examples, the base station 505 may encode the
mformation vector before inserting the error check vectors. The base station 505 may
transmit the codeword 535 to the UE 510 over a wireless communication link of a wireless

communication system. The UE 510 may receive the codeword 335 with some added noise.

[0692] At block 540, the UE 510 may imtiate a list decoding operation on a decoding list
candidate based on the received codeword 335, As part of the imtiation, the UE 310 may
monitor for a decoding candidate of a codeword encoded according to a polar code, wherein
the decoding candidate 1s based at least in part on a first information vector, a second
mformation vector, and a first error check vector positioned between the first information
vector and the second information vector according to a decoding order of the polar code.
The UE 510 may perform a list decoding operation on a first portion of sub-channels of the
decoding candidate corresponding to the first information vector and the first error check

vector to obtain 3 first set of list decoding paths.

[0093] At block 545, the UE 510 may determine, for the fivst set of list decoding paths,
that at least one list decoding path of the first set of hist decoding paths satisfies a first ervor
check process using respective decoding path candidates for the first error check vector and
the first information vector. In some cases, the UE 510 may mark which list decoding paths
pass the first error check process. After performing the first error check process, the UE 510

may perform the list decoding operation on a second portion of the sub-channels of the
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decoding candidate corresponding to at least a subset of the second mformation vector to
obtain a second set of list decoding paths that are based at least in part on the first set of list

decoding paths.

[0094] At block 550, the UE 510 may continue to determine whether decoding paths
satisty the error check process while decoding information bits of the decoding candidate. In
such examples, the UE 510 may check to see if the list decoding paths still satisty the first
error cheek process at intermediate positions between a first ervor check vector and a second

error check vector.

[0095] At block 555, the UE 510 may terminate, prior to completion of the list decoding
operation on the decoding candidate of the codeword, the list decoding operation based at
least 1n part on a tatlure of the first error check process for all of the second set of fist
decoding paths determuned while performing the list decoding operation on the second
portion of the sub-channels of the decoding candidate. Such an early termination may be
based on a determination that none of the results of the cusrent decoding paths will vicld an

accurate representation of the transmitted data.

100961 FI{. 6 shows a block diagram 600 of a wireless device 605 that supports carly
termination of successive cancclation list decoding in accordance with aspects of the present
disclosure. Wircless device 605 may be an example of aspects of a UE 115 or base station
105 as described herein. Wireless device 605 may include receiver 610, decoding manager
615, and transmitter 620. Wireless device 603 may also include a processor. Each of these

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

{60971 Receiver 610 may receive information such as packets, user data, or control
mformation associated with varous information channels {2 2., control chanvels, data
channels, and information related to carly termination of successive cancellation list
decoding, erc.}. Information may be passed on to other components of the device. The
receiver 610 may be an example of aspects of the transceiver 935 described with reference to

FIG. 9. The receiver 610 may utilize a single antenna or a set of antennas.

100981 Receiver 610 may monitor, at a UE, for a decoding candidate of a codeword
encoded according to a polar code, where the decoding candidate 15 based on a first
mformation vector, a second information vector, and a first error check vector posttioned
between the first information vector and the second mformation vector according to a

decoding order of the polar code.
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(60991 Decoding manager 615 mayv be an example of aspects of the decoding manager
915 described with reference to FIG. 9. Decoding manager 615 and/or at least some of its
various sub-components may be implemented in hardware, software exccuted by a processor,
firmware, or any combination thereof. If implemented 10 software executed by a processor,
the functions of the decoding manager 615 and/or at least some of s various sub-components
may be executed by a general-purpose processor, a digital signal processor (BEP), an
application-specific mtegrated circuit {ASIC), an ficld-progranunable 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 decoding manager 615 and/or at Ieast some of its various sub-
components may be physically located at various positions, including being distributed such
that portions of functions are tmplemented at different physical locations by one or more
physical devices. In some examples, decoding manager 615 and/or at least some of ifs various
sub-components may be a separate and distinct component in accordance with various
aspects of the present disclosure. In other examples, decoding manager 615 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 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.

[0160] Decoding manager 615 may perform a list decoding operation on a first portion of
sub-channels of the decoding candidate corresponding to the first information vector and the
first error check vector to obtain a first set of list decoding paths, determine, for the first set of
list decoding paths, that at least one list decoding path of the first set of list decoding paths
satisfies a first error check process using respective decoding path candidates for the first
error check vector and the first information vector, perform the list decoding operation on a
second portion of the sub-channels of the decoding candidate corresponding to at least a
subset of the second information vector fo obtain a second set of hist decoding paths that are
based on the first set of list decoding paths, and determine whether at least one of the second

set of decoding paths satisfy the first error check process.

[0101] Transmitter 620 may transmit signals generated by other components of the
device. In some examples, the transmitter 620 may be collocated with areceiver 610 ina

transceiver module. For example, the transmitter 620 may be an example of aspects of the
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transceiver 935 described with reference to FIG. 9. The transmutter 620 may utilize a single

antenna or a set of antennas.

[0162] FI1G. 7 shows a block diagram 700 of a wireless device 705 that supports carly
termination of successive cancellation list decoding m accordance with aspects of the present
disclosure. Wireless device 705 may be an example of aspects of a wireless device 605 or a
UE 115 or base station 103 as described with reference 1o FIG. 6. Wireless device 705 may
mehude receiver 710, decoding manager 715, and transmitter 720. Wireless device 705 may
also include a processor. Hach of these components may be in communication with one

ancother {e.£., via one or more buses).

{61037 Receiver 710 may receive information such as packets, user data, or control
mformation associated with various information channels (e g., control channels, data
channels, and mformation related o carly termination of successive cancellation list
decoding, erc.}. Information may be passed on to other components of the device. The
receiver 710 may be an example of aspects of the {ransceiver 935 described with reference to

Fi(3. 9. The recerver 710 may utilize a single antenna or a set of antennas.

10104} Becoding manager 715 may be an example of aspects of the decoding manager
913 descnibed with reference to FIG. 9. Decoding manager 7135 may also include fist

decoding operation manager 725 and error check manager 730,

[0105] List decoding operation manager 728 may perform a list decoding operation on a
first portion of sub-channels of the decoding candidate corresponding to the first information
vector and the first error check vector to obtain a first set of list decoding paths, perform the
list decoding operation on a second portion of the sub-channels of the decoding candidaie
corresponding to at least a subset of the second information vector to obiain a second set of
st decoding paths that are based on the first set of list decoding paths, perform the list
decoding operation on a third portion of the sub-chanuels of the decoding candidate
corresponding to the first information vector, the second information vector, the first error
check vector, and a second error check vector to obtain a third set of list decoding paths, the
second error check vector positioned after the second information vector, and perform the hist
decoding operation on a fourth portion of the sub-channels of the decoding candidate
corresponding to at least a subset of a third mformation vector positioned after the second
crror check vector to obtain a fourth set of hist decoding paths that are based on the third set

of list decoding paths.
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(619061 Error check manager 730 may determine, for the first set of list decoding paths,
that at least one list decoding path of the first set of hist decoding paths satisfies a first error
check process using respective decoding path candidates for the first error check vector and
the first mformation vector, determine whether at least one of the second set of decoding
paths satisfy the first error check process, determune, for the third set of hist decoding paths,
that at least one list decoding path of the third set of list decoding paths satisfies both the first
error check process and a second error check process using respective decoding path
candidates for the first information vector, the first error check vector, the second information
veotor, and the second error check vector, determine whether at least one of the fourth set of
list decoding paths satisfics the first error check process and the sccond ervor check process,
and perform the first error check process using the first ervor check vector on the second set
of decoding paths as part of performing the list decoding operation on the second portion of
the sub-channels of the decoding candidate corresponding to at keast the subset of the second
mformation vector, where determuining whether at least one of the sccond set of decoding
paths satisfies the first error check process is based on performing the first error check
process while performing the list decoding operation on the second portion of the sub-
channels of the decoding candidate. In some cases, the determining whether at least one of
the second set of decoding paths satisty the first error check process occurs at a set of
mtermediate locations of the second portion of the sub-channels of the decoding candidate
corrgsponding to at least the subset of the second information vector. In some cases, the set of
mtermediate [ocations corresponds to each sub-chanue! of the second portion of the sub-

channels of the decoding candidate.

10107] Transmitter 720 may transmit signals generated by other components of the
device. In some examples, the transmitter 720 may be collocated with aveceiver 710 ina
transceiver modale. For example, the transmitter 720 may be an example of aspects of the
transceiver 935 described with reference to FIG. 9. The transmitier 720 may utilize a single

antenna or a set of antennas.

[0108] FiG. 8 shows a block diagram 800 of a decoding manager 815 that supports early
termination of successive cancelation list decoding in accordance with aspects of the present
disclosure. The decoding manager 815 may be an example of aspects of a decoding manager
613, a decoding manager 713, or a decoding manager 913 descnibed with reference to FiGs.
6, 7, and 9. The decoding manager 815 may include list decoding operation manager 820,

error check manager 823, termination manager 830, and marking manager 835, Each of these
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modules may communicate, directly or indirectly, with one another {e.g., via one or more

buses).

[0169] Last decoding operation manager 820 may perform a hist decoding operation on a
first portion of sub-channels of the decoding candidate corresponding to the first information
vector and the first error check vector to obtain a first set of hist decoding paths, perform the
fist decoding operation on a second porfion of the sub-channels of the decoding candidate
corresponding to at least a subset of the second information vector to obtain a second set of
kst decoding paths that are based on the first set of list decoding paths, perform the list
decoding operation on a third portion of the sub-channels of the decoding candidate
corresponding to the first information vector, the second intformation vector, the first error
check vector, and a second error check vector to obtain a third set of list decoding paths, the
second error check vector positioned after the second information vector, and perform the hist
decodmg operation on a fourth portion of the sub-channels of the decoding candidate
corresponding to at least a subset of a third nformation vector positioned after the second
error check vector to obtain a fourth set of list decoding paths that are based oun the third set

of list decoding paths.

[6110] Error check manager 825 may determine, for the first set of list decoding paths,
that at least one list decoding path of the first sct of list decoding paths satisfies a first error
check process using respective decoding path candidates for the first error check vector and
the first mformation vector, deternine whether at least one of the second set of decoding
paths satisty the first error check process, determine, for the third set of list decoding pathg,
that at least one list decoding path of the third set of list decading paths satisfies both the first
error check process and a second error check process using respective decoding path
candidates for the first information vector, the first error check vector, the second information
vector, and the second crror check vector, deternmune whether at least one of the fourth sct of
list decoding paths satisfics the first error check process and the second error check process,
and perform the first error check process using the first ervor check vector on the second set
of decoding paths as part of performing the list decoding operation on the second portion of
the sub-channels of the decoding candidate corresponding to at least the subset of the second
mformation vector, where determining whether at least one of the second set of decoding
paths satisfies the first error check process is based on performing the first error check
process while performing the list decoding operation on the second portion of the sub-

channels of the decoding candidate. In some cases, the determining whether at least one of
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the second set of decoding paths satisfy the first error check process occurs at a set of
mtermediate locations of the second portion of the sub-chanoels of the decoding candidate
corresponding to at Jeast the subset of the seccond information vector. In some cases, the set of
miermediate locations corresponds to each sub~channel of the second portion of the sub-

channels of the decoding candidate.

(0111} Termination manager 830 may terminate, prior to completion of the list decoding
operation on the decoding candidate of the codeword, the list decoding operation based on a
faihure of the first error check process for all of the second set of list decoding pathg
determined while performing the list decoding operation on the second portion of the sub-
channels of the decoding candidate and terminate, prior to completion of the list decoding
operation on the decoding candidate of the codeword, the list decodimg operation based on a
failure of the first error check process and a failure of the second error check process for all
of the fourth set of hist decoding paths determined while performing the list decoding

operation on the fourth portion of the sub-channels of the decoding candidate.

10112] Marking manager 835 may mark the at least one list decoding path of the first set
of list decoding paths that satisfies the first ervor check process using the first error check
vector, where determining whether at least one of the second set of decoding paths satisfy the
first error check process is based on the marking of the at least one list decoding path and
propagate the marking of the at least one list decoding path to child list decoding paths as part
of performuing the list decoding operation on the second portion of the sub-channels of the
decoding candidate, where each child list decoding path associated with the second portion of
the sub-channels of the decoding candidate inchides an indication of whether the child list

decoding path was marked during the first error check process.

10113} FIG. 9 shows a diagram of a system 900 including a device 905 that supports
carly termination of successive cancellation list decoding in accordance with aspects of the
present disclosure. Device 905 may be an exaraple of or include the components of wireless
device 603, wireless device 705, or a UE 115 as described above, e.g., with reference to
FiGs. 6 and 7. Device 905 may include components for bi-directional voice and data
communications including components for transmitting and receiving comnnmications,
mcluding UE decoding manager 915, processor 920, memory 923, software 930, transceiver

933, antenna 940, and 1O controller 945, These components may be in electronic
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communication via ong or more buses {e.g., bus 910). Device 905 may communicate

wirglessly with one or more base stationg 105,

[0114] Processor 920 may include an intelligent hardware device, (e.g., a general-purpose
processor, a DSP, a central processing untt (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 thercot). In some cases, processor 920 may be configured to
operate a memory array using a memory controller. In other cases, a memory controller may
be integrated into processor 920, Processor 920 may be configured to execuic computer-
recadable instructions stored in a memory to perform various functions (e.g., functions or tasks

supportimg early fernunation of successive cancellation list decoding).

{0115] Memory 925 may mclude random access memory (RAM) and read only memory
{ROMj}. The memory 923 may store computer-readable, computer-executabie sottware 930
mecluding mstructions that, when executed, cause the processor to perform various functions
described herein. I some cases, the memory 925 may contain, among other things, a basic
mput/output svstem (BIOS) which may control basic hardware or software operation such as

the mteraction with peripheral components or devices.

0116} Software 930 may include code to implement aspects of the present disclosure,
mehuding code to support early termimation of successive cancellation hist decoding. Software
530 may be stored in a non-transitory computer-readable medium such as system memory or
other memory. In some cases, the software 930 may not be durectly executable by the
processor but may cause a computer {e.g., when compiled and executed) to perform functions

described herein.

(61171 Transceiver 935 may communicate bi~divectionally, via one or more antennas,
wired, or wireless links as described above. For example, the transcetver 935 may represent a
wircless transeeiver and may communicate bi-directionally with another wircless transceiver.
The transceiver 935 may also include a modem to modulate the packets and provide the
modulated packets to the antennas for transmission, and o demodulate packets received from

the antennas.

[6118] In some cases, the wireless device may mclude a single antenna 940, However, in
some cases the device may have more than one antenna 940, which may be capable of

concurrently transmitting or receiving multiple wircless transmissions.
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[0119] {0 controller 943 may manage mput and output signals for device 905, /O
controller 945 may also manage peripherals not integrated into device 905. In some cases, /O
controller 945 may represent a phvsical connection or port to an external peripheral. In some
cases, I/0 controller 945 may utilize an operating system such as 108®, ANDROID®, MS-
DOS®, MS-WINDOWS®, O8/2®, UNIX®, LINUX®), or ancther known operating system.
In other cases, VO controller 945 may represent or interact with a modem, a keyboard, &
mouse, a touchscreen, or a similar device. In some cases, /0 controller 9435 may be
mmplemented as part of a processor. In some cases, a user may interact with device 905 via

1/ controller 945 or via hardware components controlled by VO controller 945,

[6128] FiG. 10 shows a diagram of a system 1000 including a device 1003 that supports
garly termination of successive cancellation hist decoding in accordance with aspects of the
present disclosure. Device 1005 may be an exampie of or include the components of wircless
device 705, wireless device 805, or a base station 105 as described above, e.g., with reference
to F1Gs. 7 and 8. Device 1005 may include components for bi-directional voice and data
communications including components for transmitting and receiving communications,
mcluding base station decoding manager 1013, processor 1020, memory 1025, software
1030, transceiver 1035, antenna 1040, network communications manager 1045, and inter-
station communications manager 1050, These components may be i electronic
communication via ong or more buses {e.g., bus 1810}, Device 1005 may communicate

wirelessly with one or more UEs 113,

10121} Processor 1020 may inclode an intelligent hardware device, {¢.g., a general-
purpose processor, a D8P, a 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 1020 may be configured to operate a
memory array using a memory controlier. In other cases, a memory controller may be
mtegrated into processor 1020, Processor 1020 may be configured 1o execute computer-
readable instructions stored in a memory to perform vartous functions (e.g., functions or tasks

supporting carly termination of successive cancellation list decoding).

[0122] Memory 1025 may inclode RAM and ROM. The memory 1025 may store
computer-readable, computer-gxecutable scftware 1030 inclading instructions that, when
executed, cause the processor to perform varnous functions described herein. In some cases,

the memory 1025 may contain, among other things, a BIOS which may control basic
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hardware or software operation such as the mieraction with peripheral components or

devices.

[6123] Software 1030 may mnclude code to implement aspects of the present disclosure,
mclading code to support early termunation of successive cancelation list decoding. Software
1030 may be stored in a non-transitory computer-readable medium such as system memory
or other memory. In some cases, the software 1030 may not be directly executable by the
processor but may cause a computer {e.g., when compiled and executed) to perform functions

described herein.

[0124] Transceiver 1035 mayv communicate bi-directionally, via one or more antennas,
wired, or wireless links as described above. For example, the transceiver 1035 may represent
a wircless transceiver and may comununicate bi-dircctionally with another wireless
transceiver. The transceiver 1035 may also include a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodalate packets

received from the antennas.

{31257 In some cases, the wireless device may inchide a single antenna 1040, However,
i some cases the device may have more than one antenna 1040, which may be capable of

concurrently transmitting or receiving multiple wircless transmissions.

[0126] Network communications manager 1045 may manage communications with the
core network {e.g., via one or more wired backhaul links). For example, the network
cornmunications manager 1045 may manage the transfor of data commumications for client

devices, such as one or more UEg 115,

[0127] Inter-station convmunications manager 1050 may manage communications with
other base station 103, and may include a controller or scheduler for controlling
communications with UEs 115 in cooperation with other base stations 103. For example. the
mter-station communications manager 1050 may coordinate scheduling for transmissions to
UEs 115 for varicus interference mitigation technigues such as beamforming or joint
transmission. In some examples, mter-station communications manager 1050 may provide an

technology to provide communication between base stations 105,

[0128] Fi1G. 11 shows a flowchart illustrating a method 1100 for carly termination of

successive canceliation list decoding in accordance with aspects of the present disclosure.
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The operations of method 1100 mayv be implemented by a UE 113 or base station 105 or its
components as described herein. For example, the operations of method 1100 may be
performed by a decoding manager as described with reference to FiGs. 6 through 8. In some
examples, a UE 115 or base station 105 may execute a set of codes o control the functional
elements of the device to perform the functions described below. Additionally or
alternatively, the UE 115 or base station 105 may perform aspects of the functions described

below using special-purpose hardware.

[0125] At block 1105 the UE 115 or base station 105 may monitor for a decoding
candidate of a codeword encoded according to a polar code, wherein the decoding candidate
is based at least 1n part on a first mformation vector, a second information vector, and a first
error check vector positioned between the first information vector and the second information
vector according to a decoding order of the polar code. The operations of block 1105 may be
performed according to the methods described herem. In certain examples, aspects of the
operations of block 1105 may be performed by a receiver as described with reference to

FiGs. 6 through 8.

[0130] At block 1110 the UE 115 or base station 105 may perform a list decoding
operation on a firgt portion of sub-channels of the decoding candidate corresponding to the
first mformation vector and the first error check vector to obtain a first set of list decoding
paths. The operations of block 1110 may be performed according to the methods described
herein. In certain examples, aspects of the operations of block 1110 may be performed by a

list decoding operation manager as described with reference to FIGs. 6 through 8.

(61317 At block 1113 the UE 115 or base station 105 may determine, for the first set of
list decoding paths, that at least one list decoding path of the first set of list decoding paths
satisfics a first error check process using respective decoding path candidates for the first
error check vector and the first mformation vector. The operations of block 1115 may be
performed according to the methods described herein. In certain examples, aspects of the
operations of block 1115 may be performed by an error check manager as described with

reference to FIGs. 6 through 8.

[6132] At block 1120 the UE 115 or base station 105 may perform the list decoding
operation on a second portion of the sub-channels of the decoding candidate corresponding to
at least a subset of the second mformation vector to obtain a sccond set of list decoding paths

that are based at least in part on the first set of list decoding paths. The operations of block
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1120 may be performed according to the methods described herein. In cerfain examples,
aspects of the operations of block 1120 may be performed by a list decoding operation

manager as described with reference to FIGs. 6 through 8.

131337 At block 1123 the UE 115 or base station 105 may determine whether at least one
of the second set of decoding paths satisty the first error check process. The operations of
block 1125 may be performed according to the methods described heren. In certain
examples, aspects of the operations of block 1125 may be performed by an ervor check

manager as described with reference to FIGs. 6 through 8.

[6134] FiG. 12 shows a flowchart dlustrating a method 1200 for eardy termination of
successive canceliation list decoding in accordance with aspects of the present disclosure,
The operations of method 1200 may be taplemented by a UE 113 or base station 105 or its
components as described herein. For example, the operations of method 1200 may be
performed by a decoding manager as described with reference to FIGs. 6 through & In some
examples, a UE 115 or base station 105 may execute a set of codes to control the functional
clements of the device to perform the functions described below. Additionally or
alternatively, the UE 115 or base station 105 may perform aspects of the functions described

below using special-purpose hardware.

[0135] At block 1205 the UE 115 or base station 105 may monitor for a decoding
candidate of a codeword encoded according to a polar code, wherein the decoding candidate
is based at least in part on a first mformation vector, a second information vector, and a first
error check vector positioned between the first information vector and the second information
vector according to a decoding order of the polar code. The operations of block 1205 may be
performed according to the methods described bherein. in certain examples, aspects of the
operations of block 12035 may be performed by a receiver as described with refercnce to

Fi(s. 6 through 8.

10136] Atblock 1210 the UE 115 or base station 105 may perform a list decoding
operation on a first portion of sub-channels of the decoding candidate corresponding to the
first information vector and the first error check vector to obtain a first set of list decoding
paths. The operations of block 1210 may be performed according 1o the methods descnbed
herein. In certain exampies, aspects of the operations of block 1210 may be performed by a

st decoding operation manager as described with reference to FIGs. 6 through 8.
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101371 At block 1215 the UE 115 or base station 105 may determine, for the first set of
hist decoding paths, that at least one list decoding path of the first set of list decoding paths
satisfies a first error check process using respective decoding path candidates for the first
error check vector and the first information vector. The operations of block 1215 may be
performed according to the methods described heremn. In cortain examples, aspects of the
operations of block 1215 may be performed by an error check manager as described with

reference to FiGs. 6 through 8.

[0138] At block 1220 the UE 115 or base station 105 may perform the list decoding
operation on a second portion of the sub-channels of the decoding candidate corresponding to
at Jeast a subset of the second information vector to obtain a second set of list decoding paths
that arc based at least in part on the first set of Hst decoding paths. The operations of block
1220 may be performed according to the methods described herein. In certain examples,
aspects of the operations of block 1220 may be performed by a list decoding operation

manager as described with reference to FIGs. 6 through 8.

[0139] At block 1225 the UE 115 or base station 105 may determine whether at least one
of the second set of decoding paths satisty the first error check process. The operations of
block 1225 may be performed according to the methods described herem. In certain
exaraples, aspects of the operations of block 1225 may be performed by an error check

manager as described with reference to FIGs. 6 through 8.

[0140] At block 1230 the UE 115 or base station 105 may terminate, prior to compiction
of the st decoding operation on the decoding candidate of the codeword, the list decoding
operation based at least in part on a fatlure of the first error check process for all of the
second set of list decoding paths determined while performing the list decoding operation on
the second portion of the sub-channels of the decoding candidate. The operations of block
1230 may be performed according to the methods described herein. In certain examples,
aspects of the operations of block 1230 may be performed by a termination manager as

described with reference to FiGs. 6 through 8.

[0141] FI{s. 13 shows a flowchart illustrating a method 1300 for early termination of
successive canceliation list decoding in accordance with agpects of the present disclosure,
The operations of method 1300 may be implemented by a UE 113 or base station 105 or its
components as described herein. For example, the operations of method 1300 may be

performed by a decoding manager as described with reference to FiGs. 6 through 8. In some
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examples, a UE 113 or base station 105 may execute a set of codes to control the tunctional
clements of the device to perform the functions described below. Additionally or
alternatively, the UE 115 or base station 103 may perform aspects of the functions deserbed

below using special-purpose hardware.

(0142} At block 1305 the UE 115 or base station 105 may monttor for a decoding
candidate of a codeword encoded according o a polar code, wheremn the decoding candidate
is based at least in part on a first information vector, a second information vector, and a first
error check vector positioned between the first information vector and the second information
vector according to a decoding order of the polar code. The operations of block 1305 may be
performed according to the methods described herein. In certam examples, aspects of the
operations of block 1305 may be performed by a receiver as described with reference to

FIGs. 6 through &

[0143] At block 1310 the UE 115 or base station 105 may perform a list decoding
operation on a first portion of sub-channels of the decoding candidate corresponding to the
first information vector and the first error check vector to obtain a first set of list decoding
paths. The operations of block 1310 may be performed according to the methods described
herein. In certain examples, aspects of the operations of block 1310 may be performed by a

list decoding operation manager as descrbed with reference to Fi(s. 6 through 8.

(31441 At block 1315 the UE 115 or base station 105 may determine, for the first set of
list decoding paths, that at least one list decoding path of the first set of list decoding paths
satisfies a first error check process using respective decoding path candidates for the first
error check vector and the first information vector. The operations of block 1315 may be
performed according to the methods described bherein. in certain examples, aspects of the
operations of block 1315 may be performed by an crror check manager as described with

reference to FIGs. 6 through 8.

[0145] At block 1320 the UE 115 or base station 105 may mark the at least one list
decoding path of the first set of list decoding paths that satisfies the first ervor check process
using the first error check vector. The operations of block 1320 may be performed according
to the methods described herein. In certain examples, aspects of the operations of block 1320

may be performed by a marking manager as descrnibed with reference to FIGs. 6 through 8.

[0146] At block 1325 the UE 115 or base station 105 may perform the list decoding

operation on a second portion of the sub-channels of the decoding candidate corresponding to
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at least a subset of the sccond mformation vector to obtain a sccond set of list decoding paths
that are based at least in part on the first set of list decoding paths. The operations of block
1325 may be performed according to the methods described herein. In cortain exanples,
aspects of the operations of block 1325 may be performed by a list decoding operation

manager as described with reference to FIGs. 6 throagh 8.

(61471 At block 1330 the UE 115 or base station 105 may determine whether at least one
of the second set of decoding paths satisfy the first error check process s based at least in part
on the marking of the af least one list decoding path. The operations of block 1330 may be
performed according to the methods described herein. In certain examples, aspects of the
operations of block 1330 may be performed by an error check manager as described with

reference to FIGs. 6 through 8.

[0148] 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 implementations are possible. Furthermore, aspects from two or more

of the methods may be combined.

[3149] 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 multiple access (FDMA), orthogonal frequency division
multiple access (GFDMA), single carrier frequency division mulbtiple access (5C-FDMA),
and other systems. The terms “svstem” and “network” are often used interchangeably. A code
division muitiple access {CDMA) svstem may implement a radio technology such as
CDMAZG00, Universal Terrestrial Radio Access (UTRA), efe. CBMAZG00 covers 15-2000,
15-95, and I5-856 standards. 15-2000 Releases may be commonly referred to as CBMAZ2000
1X, 1X, efe. 185-856 (TTA-856) is commonly referred to as CDMAZ2000 1xEV-DO, High Rate
Packet Data (HRPD), erc. UTRA includes Wideband CDOMA (WCDMA) and other vanants
of CDMA. A TDMA systemn mayv umplement a radio technology such as Global System for

Mobile Communications (GSM).

[0150] 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, etc.
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,
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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 (3GPPZ). The techoigues
described herein may be used for the svstems and radio technologies mentioned above as well
as other systems and radio technologies. While aspects of an ETE or an NR system may be
described for purposes of example, and LTE or NR terminology may be used in much of the

description, the techniques described herein are applicable beyond LTE or NR applications.

[0151] In LTE/L'TE-A networks, including such networks described herein, the term
evalved node B (eNB) may be generally used to describe the base stations. The wircless
communications system or svstems 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 generation NodeB (gNB), or base station may provide
communication coverage for a macro cell, a small cell, or other types of cell. The term “cell”
may be used to describe a base station, a carrier or component carrier associated with a base
station, or a coverage area {e.g., sector, efc.} of a carrier or base station, depending on

confext,

10152] Base stations may include or may be referred to by those skilled mthe artas a
base transceiver station, a radio base station, an access point, a radio transceiver, a NodeB,
eNodeB (eNB), gNB, Home NodeB, a Home eNodeB, or some other suitable terminology.
The geographic coverage area for a base station may be divided into sectors making up only a
portion of the coverage arca. The wireless comumunications system or systems described
herein may include base stations of different types {e.g., macro or small cell base stations).
The UEs described herein may be able to communicate with various types of base stations
and network equipment including macro ¢NBs, small cell eNBs, g¢NBg, relay base statious,

and the hike. There may be overlapping geographic coverage arcas for different technologies.

[6153] A macro cell generally covers a relatively large geographic arca {e.g., several
kilometers in radius) and may allow unrestricted access by UEs with service subscriptions
with the network provider. A small cell 1s a lower-powered base station, as compared with a
macro cell, that may operate in the same or different (e. g., licensed, unlicensed, erc.}
frequency bands as macro cells. Small cells mayv wnclude pico cells, femto cells, and micro
cells according to various examples. A pico cell, for example, may cover a small geographic

arca and may allow unrestricied access by UEs with service subscriptions with the network
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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 fomto cell {e.g., UEsina
closed subscrber 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 ¢NB, a femto eNB, or a home eNB. An eNB may support one or multiple

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

[6134] The wirgless communications system or systems described herein may support
synchronous or asynchronous operation. For synchronous operation, the base stations may
have similar frame timing, and transoussions from different base stations may be
approximately aligned in time. For asynchronous operation, the base stations may have

different frame timing

[y

and transmissions from different base stations may not be aligned
tume. The technigues described herein may be used for either synchronous or asynchronous

operations.

[0155] 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—inchuding, for example, wireless
commumications system 100 of FIG. 1-—may inchude one or more carriers, where cach carrier
may be a signal made up of multiple sub-carriers {e.g., waveform signals of different

frequencies).

10156] The description set forth herein, in connection with the appended drawings,
describes example contfigurations and does not represent all the examples that may be
mmplemented or that are within the scope of the claims. The term “exemplary” used herein
means “serving as an example, instance, or itlustration,” and not “preferred” or
“advantageous over other examples.” The detailed description includes specific details for the
purpose of providing an understanding of the described technigues. These techniques,
however, may be practiced without these specific details. In somge instances, well-knowa
structures and devices are shown in block diagram form 1o order to avoid obscuring the

concepts of the descnbed examples.

(01571 In the appended figures, similar 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 distimguishes among the

similar components. If just the first reference label is used in the specification, the description
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18 applicable to any one of the similar components having the same fivst reference label

irrespective of the second reference label.

[0158] Information and signals described herein may be represented using any of a
variety of different technologies and techniques. For example, data, instructions, commands,
mformation, signals, bits, symbaols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, clectromagnetic waves, magnetic ficlds

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

[3159] The various illustrative blocks and modules described 1n connection with the
disclosure herein may be tmplemented 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 thereof designed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontroller, or
state maching. A processor may alsc be implemented as a combination of computing devices
{e.g., a combination of a D5P and a microprocessor, multiple microprocessors, one or more

MICTOProcessors in conjunction with a PSP core, or anv other such configuration).

101601 The functions described hercin may be implemented in hardware, software
executed by a processor, firmware, or any combination thereof. If mmplemented 1o software
executed by a processor, the functions may be stored on or transmitied over as one or more
mstructions or code on a computer-readable medium. Other examples and implementations
are within the scope of the disclosure and appended claims. For example, due to the nature of
softwareg, functions described above can be implemented using software executed by a
processor, hardware, firmware, hardwiring, or combinations of any of these. Features
mmplementing 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 ttems (for example, a list
of items prefaced bv a phrase such as “at least one of” or “one or more of”’) indicates an
melusive list such that, for example, a list of at least one of A, B, or C means A or B or C or
ABor 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 condition A and a

condition B without departing from the scope of the present disclosure. In other words, as
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used herem, the phrase “based on” shall be construed in the same manner as the phrase

“based at least 1o part on.”

[0161] Computer-readable media imcludes both non-transitory computer storage media
and communication media including any mednum that facilitates transfer of a computer
program from one place to another. A non-transitory storage medivim may be any available
medium that can be accessed by a general purpose or special purpose 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, maguoetic disk storage or other magnetic storage devices,
or any other non-transitory medium 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 gencral-
purpose or special-purpose computer, or a general-purpose of special-purpose processor.
Also, anv connection s properly termed a computer-readable medium. For example, ifthe
software is transmitted 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
nfrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave are mcluded m the definition of
medium. Disk and disc, as used herein, include CD, laser disc, optical dise, digital versatile
disc {(BVYD), floppy disk and Bhu-ray disc where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above are also included

within the scope of computer-readable media.

[0162] The description herein 1s provided to enable a person skilled m the art to make or
use the disclosure. Varnious modifications to the disclosure will be readily apparent to those
skilled in the ait, and the generic principles defined herein may be applied to other vanations
without departing from the scope of the disclosure. Thus, the disclosure is not limited to the
examples and designs described herein, but is to be accorded the broadest scope consistent

with the principles and novel features disclosed herein.
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CLAIMS
What is claimed is:
1. A method for wireless communication, comprising;

monitoring, at a user equipment {UE}, for a decoding candidate of a codeword
encoded according to a polar code, wherein the decoding candidate 1s based at feast m part on
a first imformation vector, a second mformation vector, and a first error check vector
positioned between the first information vector and the second information vector according
to a decoding order of the polar code;

performing a list decoding operation on a first portion of sub-chanunels of the
decoding candidate corresponding to the first information vector and the first error check
vector to obtain a first set of list decoding paths;

determuning, for the first set of list decoding paths, that at least one hist
decoding path of the first set of list decoding paths satisfies a first error check process using
respective decoding path candidates for the first error check vector and the first mformation
vector;

performing the list decoding operation on a second portion of the sub-channels
of the decoding candidate corresponding to at least a subset of the second formation vector
to obtain a second set of list decoding paths that are based at least in part on the first set of list
decoding paths; and

determining whether at least one of the second sct of decoding paths satisfy

the first error check process.

2 The method of ¢lainy 1, further comprising:

terminating, prior to completion of the list decoding operation on the decoding
candidate of the codeword, the list decoding operation based at least in part on a failure of the
first error check process for all of the second set of list decoding paths determined while
performing the list decoding operation on the second portion of the sub-channels of the

decoding candidate.

3. The method of claim |, further comprising:
marking the at least one hist decoding path of the first set of hist decoding paths

that satisfics the first error check process using the first error check vector, whercin
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determuning whether at least one of the second set of decoding paths satisfy the first error

check process is based at least in part on the marking of the at least one list decoding path.

4 The method of claim 3, further comprising:

propagating the marking of the at least one list decoding path to child list
decoding paths as part of performing the list decoding operation on the second portion of the
sub-channels of the decoding candidate, wherein each child list decoding path associated with
the second portion of the sub-channels of the decoding candidate includes an mdication of

whether the child list decoding path was marked during the first crror check process.

5. The method of claim 1, further comprising:

perfornung the list decoding operation on a third portion of the sub-channels
of the decoding candidate corresponding to the first information vector, the second
information vector, the first error check vector, and a second error check vector to obtain a
third set of list decoding paths, the second error check vector positioned after the seccond
mformation vector; and

determuning, for the third set of list decoding paths, that at least one list
decoding path of the third set of list decoding paths satisfies both the first error chack process
and a second error chock process using respective decoding path candidates for the first
mformation vector, the first error check vector, the second information vector, and the second

error check vector.

6. The method of claim 5, further comprising:

performing the list decoding operation on a fourth portion of the sub-channels
of the decoding candidate corresponding to at least a subset of a third information vector
positioned after the second error check vector to obtaimn a fourth set of list decoding paths that
are based at least in part on the third set of list decoding paths; and

determining whether at least one of the fourth set of list decoding paths

satisfies the first error check process and the second error check process.

7. The method of claim 6, further comprising:
terminating, prior to completion of the list decoding operation on the decoding
candidate of the codeword, the list decoding operation based at least in part on a failure of the

first error check process and a failure of the second error check process for all of the fourth
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N

set of list decoding paths determined while performing the hist decoding operation on the

6 fourth portion of the sub-channels of the decoding candidate.

i 8. The method of claim 1, further comprising:

2 performing the first error check process using the first error check vector on
3 the sccond set of decoding paths as part of performing the list decoding operation on the

4 second portion of the sub-channels of the decoding candidate corresponding to at least the

5 subset of the second information vector, wherein determining whether at least one of the

& sccond set of decoding paths satisfies the first error check process is based at least in part on
7 performing the first error check process while performing the hist decoding operation on the
8  second portion of the sub-chanunels of the decoding candidate.

1 9. The method of ¢laim 1, wherein:

2 the determining whether at least one of the second set of decoding paths

3 satisfy the first crror check process occurs at a plurality of mtermediate locations of the

4 second portion of the sub-~channels of the decoding candidate corresponding to at least the

5 subset of the second mformation vector.

1 16 The method of claim 9, whercin:

Z the plurality of intermediate locations corresponds to each sub-channel of the

3 sccond portion of the sub-channels of the decoding candidate.

1 11,  An apparatus for wireless communication, comprising:

b

means for monttoring, at a user equipment (UE), for a decoding candidate of a

3

codeword encoded according to a polar code, wherein the decoding candidate 1s based at least
4 i part on a first information vecior, a second information vector, and a first error check
5 vector positioned between the first information vector and the sccond information vector
6  according to a decoding order of the polar code;
7 means for performing a hist decoding operation on a first portion of sub-
8  channels of the decoding candidate corresponding to the first mformation vector and the first
9 error check vector to obtain a first set of list decoding paths;
10 means for determining, for the first set of hist decoding paths, that at least one
11 hist decoding path of the first set of list decoding paths satisfies a first error check process
12 using respective decoding path candidates for the first error check vector and the first

13 mformation vector;
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means for performing the hist decoding operation on a second portion of the
sub-channels of the decoding candidate corresponding to at keast a subset of the second
mformation vector to obtain a second set of list decoding paths that are based at least m part
on the first set of list decoding paths; and

means for determining whether at least one of the second set of decoding paths

satisfy the first error check process.

12.  'The apparatus of claim 11, further comprising:

means for terminating, prior to complction of the list decoding operation on
the decoding candidate of the codeword, the hist decoding operation based at least mpart on a
fadlure of the first error check process for all of the second set of hist decoding paths
determuned while performing the list decoding operation on the second portion of the sub-

channels of the decoding candidate.

13, Fhe apparatus of claum 11, further comprising:

means for marking the at least one list decoding path of the first set of hist
decoding paths that satisfies the first error check process using the first error check vector,
wherein determining whether at least one of the second set of decoding paths satisfy the first
error check process is based at Jeast 1o part on the marking of the at least one list decoding

path.

14.  The apparatus of claim 13, further comprsing:

means for propagating the marking of the at least one list decoding path to
child list decoding paths as pait of performing the list decoding operation on the second
portion of the sub-channels of the decoding candidate, wherein each child list decoding path
associated with the second portion of the sub-channels of the decoding candidate includes an
mdication of whether the child list decoding path was marked during the first error check

process.

18, The apparatus of claim 11, further comprising:

means for perfornung the list decoding operation on a third portion of the sub-
channels of the decoding candidate corresponding to the first information vector, the second
mformation vector, the first error check vector, and a second error check vector to obtain a
third set of list decoding paths, the second error check vector positioned after the second

mformation vector; and
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means for determining, for the third set of list decoding paths, that at least one
list decoding path of the third set of list decoding paths satisfies both the first error check
process and a second error check process using respective decoding path candidates for the
first information vector, the first ervor check vector, the sceond itormation vector, and the

second error check vector.

i6. The apparatus of claim 13, further compnising:

means for performing the list decoding operation on a fourth portion of the
sub-channels of the decoding candidate corresponding to at least a subset of a third
wnformation vector positioned after the second error check vector to obtain a fourth set of list
decoding paths that are based at least in part on the third set of list decoding paths; and

means for determining whether at least one of the fourth set of list deceding

paths satisfies the first error check process and the second error check process.

17. The apparatus of claim 16, further comprising’

means for terminating, prior to completion of the list decoding operation on
the decoding candidate of the codeword, the hist decoding operation based at least in part on a
failure of the first error check process and a failure of the second error check process for all
of the fourth set of list decoding paths determined while performing the hist decoding

operation on the fourth portion of the sub-channels of the decoding candidate.

18, The apparatus of claim 11, further comprsing:

means for performing the first error check process using the first error check
vector on the second set of decoding paths as part of performing the hist decoding operation
on the sccond portion of the sub-channels of the decoding candidate corresponding to at least
the subset of the sccond information vector, wherein determining whether at least one of the
second set of decoding paths satisfies the first error check process is based at least in part on
performing the first crror check process while performing the list decoding operation on the

second portion of the sub-channels of the decoding candidate.

19, The apparatus of claim 11, wherein:

the means for determining whether at least one of the second set of decoding
paths satisty the first error check process occurs at a plurality of intermediate locations of the
second portion of the sub-channels of the decoding candidate corresponding to at least the

subset of the second information vector.
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i 20, The apparatus of claim 19, wheren:
2 the plurality of intermediate locations corresponds to each sub-channel of the
3 second portion of the sub-channels of the decoding candidate.
1 21, An apparatus for wircless communication, comprising:
2 a Processot;
3 memory i electronic commumnication with the processor; and
4 instructions stored in the memory and operable, when executed by the
5 processor, to cause the apparatus 1o
6 monttor, at a user equuipment {UE), for a decoding candidate of a codeword
7 encoded according to a polar code, wherein the decoding candidate 1s based at least in part on

e}

a first information vector, a second wformation vector, and a first error check vector

S positioned between the first information vector and the second information vector according
10 to a decoding order of the polar code;
i1 perform a hist decoding operation on a first portion of sub-channels of the
12 decoding candidate corresponding to the first information vector and the first error check
13 vector tc obtain a first set of list decoding paths;
14 determine, for the first set of list decoding paths, that at least one list decoding
15 path of the first set of list decoding paths satisfies a first error check process using respective
16 decoding path candidates for the first error check vector and the first information vector;
17 perform the list decoding operation on a second portion of the sub-channels of
I8  the decoding candidate corresponding to at least a subset of the second information vector to
19 obtain a second set of list decoding paths that are based at least in part on the first set of list
20 decoding paths; and
21 determine whether at least onc of the second set of decoding paths satisfy the

22 first error check process.

i 22, The apparatus of claim 21, wheremn the mstructions are further
2 executable by the processor to:
3 terminate, prior to completion of the list decoding operation on the decoding

4 candidate of the codeword, the list decoding operation based at least in part on a failure of the

5 first error check process for all of the second set of list decoding paths determined while
6 performing the list decoding operation on the second portion of the sub-channels of the
7  decoding candidate.
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23 The apparatus of claim 21, wheremn the instructions are further
executable by the processor to:

mark the at least one list decoding path of the first set of list decoding paths
that satisfics the first error check process using the first error check vector, wherein
determining whether at least one of the second set of decoding paths satisfy the first error

check process is based at least in part on the marking of the at least one list decoding path.

24 The apparatus of claim 23, wherem the instructions are turther
executable by the processor to:

propagate the marking of the at least one list decoding path to child list
decoding paths as part of performing the list decoding operation on the second portion of the
sub-channels of the decoding candidate, wheremn each child list decoding path associated with
the second portion of the sub-channels of the decoding candidate includes an mdication of

whether the child list decoding path was marked during the first crror check process.

25 The apparatus of claim 21, wherein the instractions are fusrther
executable by the processor o

perform the list decoding operation on a third portion of the sub-channels of
the decoding candidate corresponding to the first mformation vector, the second information
vector, the first crror check vector, and a second crror check vector to obtain a third set of list
decoding paths, the second error check vector positioned afier the second information vector;
and

determune, for the third set of list decoding paths, that at feast one list decoding
path of the third set of list decoding paths satisfies both the first error check process and a
second error check process using respective decoding path candidates for the first information
vector, the first error check vector, the second information vector, and the second error check

vector,

26 The apparatus of claim 25, wherein the instractions are fusrther
executable by the processor o

perform the list decoding operation on a fourth portion of the sub-channels of
the decoding candidate corresponding to at least a subset of a third information vector
posttioned aficr the second error check vector to obtain a fourth set of list decoding paths that

are based at least in part on the third set of list decoding paths; and
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determine whether at least one of the fourth set of list decoding paths satisfies

the first error check process and the second error check process.

27, 'The apparatus of claim 26, wherein the instructions are further
executable by the processor to:

terminate, prior to completion of the list decoding operation on the decoding
candidate of the codeword, the list decoding operation based at least i part on a failure of the
first error check process and a fatlure of the second error check process for all of the fourth
set of list decoding paths determuned while performing the list decoding operation on the

fourth portion of the sub-channels of the decoding candidate.

28 The apparatus of claim 21, wherein the instructions are further
executable by the processor to:

perform the first error check process using the first error check vector on the
sccond set of decoding paths as part of performing the list decoding operation on the second
portion of the sub-channels of the decoding candidate corresponding to at least the subset of
the second information vector, wherein determining whether at least one of the second set of
decoding paths satisfies the first error check process is based at least in part on performing
the first error check process while performing the hist decoding operation on the second

portion of the sub-channels of the decoding candidate.

29 The apparatus of claim 21, wheren:

the determining whether at least one of the second set of decoding paths
satisty the first error check process occurs at a plarality of intermediate focations of the
second portion of the sub-channels of the decoding candidate corresponding to at least the

subset of the second information vector.

3. The apparatus of claim 29, wherein:
the phurahity of intermediate locations corresponds to each sub-channel of the

second portion of the sub-channels of the decoding candidate.

31, A non-transitory computer readable mediam storing code for wireless
compunication, the code comprising instructions executable by a processor to:

monitor, at a user equiproent {UE), for a decoding candidate of a codeword
encoded according to a polar code, wherein the decoding candidate 1s based at least in part on

a first information vector, a second mformation vector, and a first error check vector
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positioned between the first information vector and the second information vector according
to a decoding order of the polar code;

perform a hist decoding operation on a first portion of sub-channels of the
decoding candidate corresponding to the first information vector and the first ervor check
vector to obtain a first set of list decoding paths;

determuine, for the first set of hist decoding paths, that at least one list decoding
path of the first sct of list decoding paths satisfics a first error check process using respective
decodmg path candidates for the first error check vector and the first information vector;

perform the list decoding operation on a second portion of the sub-channels of
the decoding candidate corresponding to at least a subset of the sccond information vector to
obtain a second set of list decoding paths that are based at least in part on the first set of list
decoding paths; and

determine whether at least one of the second sct of decoding paths satisfy the

first error check process.

32, The non-transitory computer-readable medium of claim 31, wherein
the mstructions are further executable by the processor to:

terminate, prior to completion of the list decoding operation on the decoding
candidate of the codeword, the list decoding operation based at least in part on a failure of the
first error check process for all of the second set of list decoding paths determined while
performing the list decoding operation on the second portion of the sub-channels of the

decoding candidate.

33, The non-transitory computer-readable medium of claim 31, wherein
the instractions are further exccutable by the processor o

mark the at least ong list decoding path of the first set of list decoding paths
that satisfies the first error check process using the first error check vector, wherein
determining whether at least one of the second set of decoding paths satisfy the first error

check process is based at least in part on the marking of the at least one list decoding path.

34 The non-transitory computer-readable medium of claim 33, wherein
the instructions arc further executable by the processor 1o

propagate the marking of the at least one list decoding path to child list
decoding paths as part of performing the list decoding operation on the second portion of the

sub-channels of the decoding candidate, wherein cach child list decoding path associated with
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the second portion of the sub-channels of the decoding candidate includes an mdication of

whether the child list decoding path was marked dunng the first error check process.

35.  The non-transitory computer-readable medium of c¢laim 31, wherein
the instractions arc further excoutable by the processor to:

perform the list decoding operation on a third portion of the sub-channels of
the decoding candidate corresponding to the first information vector, the second mformation
veotor, the first error check vector, and a second error check vector to obtain a third set of list
decoding paths, the second error check vector positioned afier the second information vector;
and

determune, for the third set of list decoding paths, that at least one list decoding
path of the third set of list decoding paths satisfies both the first error check process and a
second error check process using respective decoding path candidates for the first information
vector, the first error check vector, the second information vector, and the second crror check

vector.

36.  The non-transitory computer-readable medium of claim 35, wherein
the instractions are further executable by the processor o

perform the list decoding operation on a fourth portion of the sub-channels of
the decoding candidate corresponding to at least a subset of a third information vector
positioned after the second error check vector to obtain a fourth set of list decoding paths that
are hased at least in part on the third set of list decoding paths; and

determine whether at least one of the fourth set of list decoding paths satisfies

the first error check process and the second error check process.

37. The non-transitory computer-readable medium of claim 36, wherein
the ostructions are further executable by the processor to:

terminate, prior to completion of the list decoding operation on the decoding
candidate of the codeword, the fist decoding operation based at least in part on a failure of the
first ervor check process and a failure of the second ervor check process for all of the fourth
st of list decoding paths deternuned while performing the list decoding operation on the

fourth portion of the sub-channels of the decoding candidate.

38. The non-transitory computer-readable medium of claim 31, wherein

the mstructions are further executable by the processor o
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perform the first error check process using the tirst error check vector on the
second sot of decoding paths as part of performing the list decoding operation on the second
portion of the sub-channels of the decoding candidate corresponding to at icast the subset of
the second information vector, wherein determining whether at least one of the second set of
decoding paths satisfics the first error check process is based at least in part on performing
the first error check process while performing the hist decoding operation on the second

portion of the sub-channels of the decoding candidate.

3% The non-transitory computer-readable medium of claim 31, wherein:

the determining whether at least one of the second set of decoding paths
satisfy the first error check process occurs at a plarality of intermediate focations of the
second portion of the sub-channels of the decoding candidate corresponding to at least the

subset of the second information vector.

40.  The non-transitory computer-readable medium of claim 39, wherein:
the plurality of mntermediate locations corresponds to each sub-chamnel of the

second portion of the sub-channels of the decoding candidate.
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