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5.1.5 Channel coding

5.1.5.1 LDPC code design

R1-1700092
LDPC design for eMBB data
Huawei, HiSilicon
R1-1700094
Performance evaluation of LDPC codes
Huawei, HiSilicon

R1-1700237
LDPC codes design for eMBB
CATT
R1-1700108
LDPC Code Design
Ericsson
R1-1700110
On LDPC Code Parameters for NR
Ericsson
R1-1700383
LDPC prototype matrix design
Intel Corporation
R1-1700831
LDPC design considerations
Qualcomm Incorporated
R1-1701210
High performance LDPC design features
MediaTek Inc.
Revision of R1-1700166
R1-1700976
Discussion on LDPC Code Design
Samsung
R1-1701028
LDPC design for eMBB data
Nokia, Alcatel-Lucent Shanghai Bell
R1-1700240
IR-HARQ scheme for LDPC codes
CATT
R1-1700384
LDPC HARQ design
Intel Corporation

R1-1700644
IR-HARQ scheme support with double QC-LDPC codes of degree-3
National Taiwan University

R1-1700830
LDPC rate compatible design
Qualcomm Incorporated
R1-1700247
Compact LDPC design for eMBB
ZTE, ZTE Microelectronics
R1-1700518
LDPC code design for eMBB
LG Electronics
R1-1700519
Performance results of LDPC code for eMBB
LG Electronics
R1-1700521
Discussion on maximum code block size for eMBB
LG Electronics

R1-1700866
Evaluation of LDPC codes for eMBB data channels
NTT DOCOMO, INC.
R1-1700977
Discussion on Rate Matching for LDPC Codes
Samsung
R1-1701008
Views on protomatrix selection for LDPC
CATR
Implementation Aspects

R1-1700093
Implementation aspects of LDPC codes
Huawei, HiSilicon
R1-1700111
Implementation and Performance of LDPC Decoder
Ericsson
R1-1701211
High efficiency LDPC design features
MediaTek Inc.
Revision of R1-1700167
R1-1700245
Consideration on flexibility of LDPC codes for eMBB
ZTE, ZTE Microelectronics
R1-1701030
CRC attachment for eMBB data
Nokia, Alcatel-Lucent Shanghai Bell

R1-1700238
Optimization on the first offset row of QC-LDPC codes
CATT

R1-1700239
Optimization on adjacent offset rows of QC-LDPC codes
CATT

R1-1700246
Complexity, throughput and latency analysis on LDPC codes for eMBB
ZTE, ZTE Microelectronics

R1-1700520
Discussion on MET LDPC codes for eMBB data channel
LG Electronics
R1-1700109
Investigation of LDPC codes with CRC attachment
Ericsson
R1-1700382
Data channel encoding chain
Intel Corporation
R1-1700244
Performance evaluation of LDPC code for eMBB
ZTE, ZTE Microelectronics

R1-1700248
Bit rearrangement of LDPC for high order modulation
ZTE, ZTE Microelectronics
R1-1701029
Code segmentation for eMBB data
Nokia, Alcatel-Lucent Shanghai Bell

R1-1701031
Padding for LDPC codes
Nokia, Alcatel-Lucent Shanghai Bell
R1-1701289
WF on parity matrix structure
Samsung

Also supported by Intel, Ericsson, LG, Qualcomm. 

Working Assumption: 

· For at least one base graph, 
· the parity check matrix consists of five sub-matrices (A, B, C, D, E)
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· A may contain systematic and parity bits
· B: 
· B is not necessarily square

· One of the columns has weight-three 
· The columns of B after the weight-three column have a dual diagonal structure, e.g.:
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· C is a zero matrix

· E is an identity matrix for the above base graph
· Other structures can be considered for other base graph(s), if any

· Can be revisited if another structure is shown to be superior in performance and complexity

R1-1701454
WF on LDPC 
Qualcomm
R1-1701264
WF on LDPC design for NR
Samsung

Agreement:

· Number of base graphs NBG is FFS between 1, 2 and 3, considering the trade-offs
· If NBG >1, 
· Each base graph covers a different range of block sizes and/or code rates (not necessarily precluding partially overlapping ranges)
· FFS whether one range can be fully covered by another range
R1-1701466
WF on LDPC design parameters
Ericsson

Revision of R1-1701256
Agreement: 

· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs: 

· {8192, 256}, {8192, 512}, {8192, 1024},

· {FFS near 8192, 320}, {FFS near 8192, 384}

· The exact {Kmax, Zmax} pair to be selected from the above 5 at RAN1#88
Agreement:

· Base graph for supporting Kmax has minimum code rate Rmin,kmax = ~1/3 
· ‘~’ means approximately
· This does not preclude extending the same base graph to code rate lower than ~1/3 when supporting K<Kmax, provided that the number of variable nodes (after lifting) of any parity check matrix, Nmax, is not exceeded, where:
· Nmax = Kmax / Rmin,kmax + Nsys,punct
· Nsys,punct is the number of built-in punctured systematic bits
· Base graph for any info block sizes K has
· Rmin,k >= ~1/5, provided that Nmax is not exceeded
R1-1701463
WF on LDPC Design for NR
Samsung, Nokia, ASB
Working Assumption:

· For the purpose of H matrix design, minimum Code Block Size (including CRC) in the range 40-100 bits should be considered
Conclusion:

· Evaluations at BLER of a single code block = 1e-2 (for performance comparison between codes) and 1e-4 (for the purpose of comparing the error floor performance of the codes)

· (Note that this does not preclude other comparison criteria)

Email discussion until RAN1#88 on granularity of information block sizes to be evaluated.

Email discussion until RAN1#88 on details of other evaluation criteria 

R1-1701230 
WF on other criteria for LDPC design comparison
ZTE, ZTE Microelectronics, Huawei, HiSilicon, CATT, MediaTek  

R1-1701469
WF on LDPC comparisons
MediaTek, Huawei HiSilicon, CATT, CATR, ZTE, ITRI 
Conclusion:

· At least the following criteria are considered for LDPC design comparison in addition to BLER performance
· Implementation complexity 
· Latency 

· discuss details in the email discussion. 
· Companies are encouraged to provide at least the following for the base matrix for the considered code rates: 

· Zmax 
· Total number of edges
· Maximum row weight 
· Maximum column weight 
· FFS if/how to define and compare numbers of (quasi) layers

R1-1701269
WF on circulant weight for LDPC codes
Qualcomm

Agreement:

· For the QC-LDPC design, the non-zero sub-blocks have circulant weight = 1
· Circulant weight is the number of superimposed circularly shifted Z(Z identity matrices
R1-1701464
WF on shortening of LDPC codes
Ericsson, Qualcomm, LG, Intel, Nokia, ASB, Samsung

Revision of R1-1701254
Agreement:

· Shortening is applied before LDPC encoding when necessary
· Working assumption: Filler bits F are attached at the end of info block B to form vector U = [B F] 
· Can be verified at RAN1#88
· Vector U is the input to LDPC encoding
· The filler bits F are not transmitted
R1-1701465
WF on rate matching of LDPC codes
Ericsson, Qualcomm, Intel, LG, Samsung, ZTE, MediaTek, Nokia, ASB, InterDigital

Revision of R1-1701255
Agreement: 

· Built-in puncturing of systematic bits is supported for LDPC coding, that is:
· At least for the initial transmission, the coded bits are taken after skipping the first Nsys,punct  systematic bits 
· Nsys,punct is selected from: 0, Z, and 2*Z
· The rate matching for LDPC code is circular buffer based (same concept as in LTE)
· The circular buffer is filled with an ordered sequence of systematic bits and parity bits
· FFS: Order of the bits in the circular buffer
· For IR-HARQ, each Redundancy Version (RV), RVi,  is assigned a starting bit location Si on the circular buffer
· For IR retransmission of RVi, the coded bits are read out sequentially from the circular buffer, starting with the bit location Si
· Limited buffer rate matching (LBRM) is supported
R1-1701467
WF on CRC attachment
Ericsson

Revision of R1-1701257
Agreement:

· Before code block segmentation, LTB,CRC bit TB-level CRC are attached to the end of the transport block
· LTB,CRC <=24 bits
· LTB,CRC value is determined to satisfy probability of misdetection of TB error <=10-6
· Inherent error detection of LDPC codes is taken into account in determining the LTB,CRC value
R1-1700323
Design of Parity Check Matrix for LDPC
AT&T

5.1.5.2 Control channel coding
5.1.5.2.1 Polar code design   

R1-1700088
Summary of polar code design for control channels
Huawei, HiSilicon
R1-1700089
Performance of polar codes for control channels
Huawei, HiSilicon
R1-1700979
Discussion on CA-Polar and PC-Polar Codes
Samsung
R1-1700523
Discussion on polar code for control channel
LG Electronics
R1-1700832
Design of Polar codes for control channel
Qualcomm Incorporated

R1-1701186
Comparison of Polar codes for control channel
Qualcomm Incorporated
Revision of R1-1700833
R1-1700385
Considerations in Polar code design
Intel Corporation
R1-1700386
Polar code design
Intel Corporation
R1-1701212
Polar code design features for control channels
MediaTek Inc.
Revision of R1-1700168

R1-1701032
Polar code design for DL control
Nokia, Alcatel-Lucent Shanghai Bell
R1-1700241
Discussion on polar codes for eMBB control channel
CATT
R1-1700250
Construction of polar codes for eMBB
ZTE, ZTE Microelectronics
R1-1700324
Design of Polar Codes for Control Channel in NR
AT&T
R1-1700242
Polar codes design for eMMB control channel
CATT

R1-1700112
Polar Code Design for Control Channel of NR
Ericsson
R1-1700249
Rate matching of polar codes for eMBB
ZTE, ZTE Microelectronics
R1-1700522
Principles of Polar code design
LG Electronics

R1-1700724
Preliminary performance evaluation of polar codes puncturing 
InterDigital Communications

R1-1700836
Polar code information bit allocation and nested extension construction
Qualcomm
R1-1700867
Discussion on Polar codes design
NTT DOCOMO, INC.
R1-1700978
Discussion on Polar Code Design
Samsung
R1-1701033
Polar codes design for UL control
Nokia, Alcatel-Lucent Shanghai Bell
R1-1700090
On latency, power consumption and implementation complexity for polar codes
Huawei, HiSilicon
R1-1700113
Practical Issues of Polar Code for NR
Ericsson
R1-1700114
Investigation of Segmented Polar Codes
Ericsson
R1-1700425
Scalable processing for accelerated DCI blind detection
Coherent Logix
R1-1701258
WF on Description of Polar Code for NR
Ericsson, AT&T, LG, Intel, Qualcomm, Nokia, ASB, ZTE, Samsung
Agreed Description Method:

· In NR Polar Code discussion, polar codes will be described without bit reversal in the encoder, i.e.:
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Note that this does not affect any aspect of the Polar code design.
R1-1701347
WF on Max Code Size for Polar Codes
Ericsson, Intel, AT&T, Qualcomm, Samsung, Nokia, ASB, LG
Agreement:

· Maximum mother code size of Polar code, N=2n, is:
· 256 <= Nmax,DCI <=1024 for downlink control information
· 1024 <= Nmax,UCI <= 2048 for uplink control information
· Exact values to be revisited with the aim of agreeing at RAN1#88  
R1-1701474
WF on evaluation methodology of Polar Code for NR
LG, Samsung, Ericsson

Agreement:

· To compare CRC-related aspects of polar code design,
· The same FAR performance (the same as LTE) should be considered for a fair comparison
· List size Lmax 8 is the baseline (evaluations of other values are not precluded)
· Performance metrics (may be based on analytic derivation)
· BLER
· FAR (with AWGN as input to the decoder)
· Polar codes for control channels support one of the following alternatives:
· Alt. 1: CRC + “basic polar” (i.e. as per above agreed description) codes
· 1a: Longer CRC
· e.g.
(J + J’) bits CRC + basic polar
· 1b: J bit CRC

· The J bits can be distributed
· The CRC can be used for both error detection and error correction
· Alt. 2: J bits CRC + concatenated polar codes 
· e.g.
 J bits CRC + J’ bits CRC + basic polar;
            
 J bits CRC + J’ bits distributed CRC + basic polar;
           
 J bits CRC + PC bits + basic polar; (i.e. PC-Polar)
           
 J bits CRC + Hash sequence + basic polar;

…
· J bits CRC is only used for error detection
R1-1701331
WF on Polar Code Design NTT DOCOMO, Ericsson, Qualcomm, Nokia, ASB, Intel

R1-1701488
WF on Frozen Set Selection of Polar Codes
NTT DOCOMO, InterDigital, MediaTek, Qualcomm, ZTE, ZTE Microelectronics

Revision of R1-1701332
R1-1701301
WF on Polar Coding Design
Huawei, HiSilicon, CATT, CATR, Coherentlogix, Mediatek, ZTE, ZTE Microelectronics

R1-1701349
WF on information and frozen bit Selection on NR Polar Codes
LG, Samsung, AT&T

R1-1701259
WF on Rate Matching for Polar Codes
Ericsson, Intel, AT&T, Qualcomm, MediaTek, Nokia, ASB, LG, InterDigital, Samsung

R1-1701468
WF on SCL List Size for Polar Codes
Ericsson, Nokia, ASB, LG , Samsung

5.1.5.2.2 Other
R1-1700091
Channel coding for very small control block lengths
Huawei, HiSilicon

R1-1700524
Control channel coding scheme for small block length
LG Electronics

R1-1700834
Block codes for very small block length
Qualcomm Incorporated

R1-1701034
Coding for Short Blocks in Control Channel
Nokia, Alcatel-Lucent Shanghai Bell

R1-1700325
Control Channel FEC for Small Block Size in NR
AT&T
R1-1701302
WF on Channel Coding for Very Small Control Information Blocks
Huawei, HiSilicon, ZTE, ZTE Microelectronics, Mediatek, CATT, CATR, Coherentlogix

R1-1701471
WF on coding scheme for small block length
LG Electronics, AT&T, Ericsson, Nokia, ASB

5.1.5.3 Other
R1-1700116
On Channel Coding of PBCH
Ericsson

R1-1700169
PBCH enhancement with Polar code
MediaTek Inc.
R1-1700837
PBCH channel coding
Qualcomm Incorporated

R1-1700075
Channel coding for URLLC scenario
Huawei, HiSilicon

R1-1700115
Channel Coding Techniques for URLLC
Ericsson
R1-1700243
Performance comparison of LDPC and polar codes for URLLC
CATT

R1-1700645
Evaluation on double QC-LDPC codes with degree-3 for URLLC 
National Taiwan University

R1-1700725
Performance evaluation of URLLC channel codes 
InterDigital Communications

R1-1700981
Discussion on Channel Coding for URLLC Channel
Samsung

R1-1701035
LDPC design for URLLC codes
Nokia, Alcatel-Lucent Shanghai Bell 

R1-1700251
Consideration on outer code for NR
ZTE, ZTE Microelectronics
R1-1700835
Energy efficiency of channel coding
Qualcomm Incorporated

R1-1700980
Discussion on Channel Coding for eMBB Data Channel
Samsung

R1-1700982
Channel Coding for Short-Length Information
Samsung

R1-1700406
HARQ for polar codes
Huawei, HiSilicon
R1-1700423
Complexity and Performance - System Considerations
Coherent Logix

Agreement: 

· The channel coding working assumptions from RAN1#87 are agreed, with clarification that the mentioned DL control information means DCI (i.e. does not include PBCH, SIBs or PCFICH (if it exists for NR))
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[image: image5.png]* The output of the polar encoder is: x) 1= ul"1Gy
® @Gy is the generator matrix of size N
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