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8.1.4 Channel coding
8.1.4.1 LDPC code 

8.1.4.1.1 Coding chain

Including segmentation, rate matching, padding and CRC attachment
R1-1704254
On CRC for LDPC design
Huawei, HiSilicon
R1-1704310
CRC Attachment for NR Data Channel
Ericsson
R1-1704458
A multi-codebook embedded compact QC-LDPC design
MediaTek Inc.

R1-1705855
Considerations for CRC attachment
Nokia, Alcatel-Lucent Shanghai Bell
R1-1706295
WF on CRC attachment
Ericsson, LG, MediaTek, Samsung, ZTE
Agreement:
· Number of bits for TB-level CRC is: LTB,CRC =24 bits, at least for TBs larger than a threshold (e.g. around 512 bits)
· FFS the value of LTB,CRC for TBs smaller than the threshold, and the value of the threshold (0 is not precluded)
· If a TB is segmented into 2 or more CBs after code block (CB) segmentation,
· CB-level CRC is applied, i.e., CRC bits are attached to each code block individually (as in LTE)
· Number bits for CB-level CRC is: 0 < LCB,CRC <= 24 bits
· Exact value(s) LCB,CRC are to be agreed after base graph(s) are agreed, taking into account inherent LDPC PC capability
· FFS whether for a code block group (CBG) containing 2 or more CBs but not all CBs of the TB, any additional CRC bits are attached to the CBG
· To be decide after decision on the value(s) of LCB,CRC 
R1-1704311
Error Detection Capability of Combined LDPC and CRC Codes
Ericsson
R1-1705533
CRC attachment for eMBB
Potevio
R1-1704312
Code Block Segmentation for LDPC Codes
Ericsson
R1-1705087
Code block segmentation
Huawei, HiSilicon
R1-1704770
Data channel encoding chain
Intel Corporation
R1-1706296
WF on code block segmentation
Ericsson

Agreement:

· For TB of size TBS > KCB,max – LTB,CRC, the TB is segmented into multiple CBs
· The CBs may be further grouped into code block groups (CBGs)
· It is not precluded that CBGs in a given TB may contain different numbers of CBs
R1-1706399
WF on code block group segmentation
LG Electronics, Nokia, ASB, KT
Also supported by InterDigital. 

R1-1705418
LDPC coding chain for data channel
Samsung
R1-1705856
Segmentation principles for LDPC
Nokia, Alcatel-Lucent Shanghai Bell
R1-1704926
Discussion on coding chain for eMBB data transmission
LG Electronics
R1-1705526
On LDPC Coding Chain Design 
InterDigital Communications
R1-1705625
On the coding chain for LDPC codes
Qualcomm Incorporated
R1-1705854
Padding techniques for LDPC
Nokia, Alcatel-Lucent Shanghai Bell

R1-1704253
On rate matching for LDPC codes
Huawei, HiSilicon
R1-1704589
IR-HARQ scheme for eMBB LDPC codes
CATT

8.1.4.1.2 LDPC code design

Finalise number of base graphs, compact vs. extended design, and other design details
R1-1704250
LDPC design for eMBB data
Huawei, HiSilicon
R1-1704252
Performance evaluation of LDPC codes
Huawei, HiSilicon
R1-1704314
LDPC Code Design for eMBB
Ericsson

R1-1704379
Performance evaluation of LDPC codes for eMBB
ZTE, ZTE Microelectronics

R1-1706175
Multi-codebook embedded compact QC-LDPC designs
MediaTek Inc.
Revision of R1-1704457
R1-1706176
QC-LDPC codes performance comparison
MediaTek Inc.
Revision of R1-1704459
R1-1704771
Discussion on LDPC code design details
Intel Corporation

R1-1706157
LDPC code design for eMBB
LG Electronics
Revision of R1-1704927
R1-1706142
Performance evaluation of LDPC code
Samsung
Revision of R1-1705420
R1-1706177
QC-LDPC codes throughput comparison
MediaTek Inc.
Revision of R1-1704600
R1-1706107
LDPC Decoding Latency According to Protomatrix
Samsung

R1-1705627
LDPC code designs for larger lift sizes
Qualcomm Incorporated

R1-1706198
Comparison of basegraphs with larger lift sizes
Qualcomm Incorporated
Revision of R1-1705628
R1-1705859
Implementation aspects of LDPC codes
Nokia, Alcatel-Lucent Shanghai Bell
Decision points for LDPC code design:

· Max shift size Zmax, and Kbmax
· Set of Z values

· Number of base graphs

· Row orthogonality

R1-1706313
WF on base graph parameters
Nokia, ASB
Working Assumption: 
· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined is {8448, 384} => Kbmax = 22
· To be confirmed automatically at RAN1#89 if no significant implementation or performance issues are identified. 
· The base graph supporting Kmax should support the following set of shift sizes Z, where [image: image2.png]7 = ax2/
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· FFS by RAN1#89 whether some values can removed from the above table. 

· FFS by RAN1#89 whether some of {272, 304, 336, 368} can be added to the above table. 

Conclusion: 
· Companies to submit almost-final proposals for one base graph by RAN1#89

· Fine-tuning still permitted until submission deadline for June adhoc. 
· Final base graph to be finalized by the June NR Ad-Hoc meeting
· If it is agreed to support a second base graph, aim also to finalise it by the June adhoc. 
R1-1706330
WF on Number of Base Graphs
Ericsson, Intel
Agreement: 

The base graph design is selected from the following alternatives:

Alt 1: One base graph covering ~1/5 <= R <= ~8/9

Alt 1a: Two nested base graphs, where: 

· Base graph #1 
· Covers info block size K: 

Kmin1 <=K<= Kmax1, Kmin1 > Kmin, Kmax1 =Kmax
· Covers code rate R: ~1/3 <= R <= ~8/9; FFS whether Rmin can be ~1/5
· Base graph #2 
· Nested within base graph #1
· Covers info block size K: 

 Kmin2 <=K<= Kmax2, Kmin2 =Kmin, Kmax2 < Kmax, where 512<=Kmax2<=2560
· Covers code rate R: ~1/5 <= R <= ~2/3 
· Kbmax =16 is the starting point; lower values in the range 10<=Kbmax<16 are encouraged if feasible. 
· The set of supported shift sizes is taken from the set of shift sizes supported by the base graph supporting Kmax
Alt 2: Two base graphs, where: 

· Base graph #1 
· Covers info block size K: 

Kmin1 <=K<= Kmax1, Kmin1 > Kmin, Kmax1 =Kmax
· Covers code rate R: ~1/3 <= R <= ~8/9; FFS whether Rmin can be ~1/5
· Base graph #2 
· Not nested within base graph #1
· Covers info block size K: 

 Kmin2 <=K<= Kmax2, Kmin2 =Kmin, Kmax2 < Kmax, where 512<=Kmax2<=2560
· Covers code rate R: ~1/5 <= R <= ~2/3 
· Kbmax = 10 is the starting point; higher values in the range 10<Kbmax<=16 can also be considered if necessary.
· The set of supported shift sizes is taken from the set of shift sizes supported by the base graph supporting Kmax
BLER Performance is the main criterion for selecting between Alts 1, 1a and 2 (since it is already assumed that complexity is not increased significantly by the addition of a second smaller base graph); decoding latency (e.g. evaluated by the number of edges) should also be considered as an important criterion.
R1-1706376
WF on number of Base Graphs for LDPC codes
Huawei, Hisilicon, ZTE, ZTE Microelectronics, MediaTek, CATT, CATR, Spreadtrum, Accelercom, Coherent Logix

Proposal:
· Number of base graphs for eMBB LDPC is 1
· FFS: Matrix nested from smaller Kb to large Kb
R1-1706178
WF on throughput requirements 
MediaTek, Huawei, HiSilicon, 
ZTE, ZTE Microelectronics

Proposal: 
· NR eMBB LDPC designs for supporting Kmax should evaluate
· The throughput performance at the lowest code rate of the highest QAM order, X
· FFS: X ~= 0.6, referencing LTE lowest TBS with 256QAM
· Throughput scaling proportional to code rate for the range X to 0.89
· Evaluations should provide scheduling details assuming a baseline (multi-core) block parallel decoder subject to LLR dependency and memory allocation constraints.
R1-1706297
WF on throughput requirements of LDPC codes
Ericsson

Proposed Conclusion for evaluations:

· For code rates R<8/9, the highest decoder information throughput supported is 
· thrupt_R = thruput_Rmax * NRmax / NR, where
· thruput_Rmax: throughput at Rmax=8/9
· NRmax: number of variable nodes after lifting, corresponding to Kmax and Rmax=8/9
· N: number of variable nodes after lifting, corresponding to Kmax and code rate R
· Evaluations should provide scheduling details assuming a baseline (multi-core) block parallel decoder subject to LLR dependency and memory allocation constraints.
Discuss offline and revisit at RAN1#89. 

R1-1706406
WF on LDPC selection criteria
Samsung, LGE

Conclusion for evaluations: 
· For BLER (using only the information bits) performance evaluations, use SPA, floating point Flooding 50 iteration, early termination based on parity check
Discuss complexity comparison criteria offline and revisit at RAN1#89. 

R1-1706253
WF on target CBER of simulation assumption for eMBB LDPC
ZTE

R1-1706195
WF on observations for LDPC performance
Huawei, HiSilicon, MediaTek, ZTE, ZTE Microelectronics

R1-1704251
Implementation aspects of LDPC codes
Huawei, HiSilicon

R1-1704313
Design Considerations for Smaller LDPC Codes
Ericsson

R1-1704315
Design Parameters and Implementation Considerations of LDPC Code
Ericsson

R1-1704380
Further consideration on flexibility of LDPC codes for eMBB
ZTE, ZTE Microelectronics

R1-1704381
Implementation consideration on LDPC codes
ZTE, ZTE Microelectronics

R1-1704382
Further consideration on compact LDPC design for eMBB
ZTE, ZTE Microelectronics

R1-1704590
LDPC Design for eMBB data channel
CATT

R1-1704591
Performance evaluation of LDPC codes
CATT

R1-1704592
Offset optimization on base matrices of eMBB LDPC codes
CATT

R1-1704928
Performance results of LDPC code for eMBB
LG Electronics

R1-1704929
Comparison of the average number of iterations of LDPC codes
LG Electronics

R1-1705419
Design of LDPC protomatrix
Samsung

R1-1705421
Channel coding for URLLC
Samsung

R1-1705559
Evaluations for LDPC
Intel Corporation
R1-1705626
Design of multiple family LDPC codes
Qualcomm Incorporated

R1-1705629
Throughput of LDPC codes
Qualcomm Incorporated

R1-1705857
LDPC design for eMBB
Nokia, Alcatel-Lucent Shanghai Bell

R1-1705858
Performance of LDPC design for eMBB
Nokia, Alcatel-Lucent Shanghai Bell

8.1.4.2 Control channel coding
8.1.4.2.1 Polar code 
R1-1704460
Comparison and optimization of Polar code rate matching
MediaTek Inc.
8.1.4.2.1.1 Code construction
R1-1706193
Polar coding design for control channel
Huawei, HiSilicon
Revision of R1-1704247
R1-1704316
Performance Comparison of Polar Code Candidates
Ericsson

R1-1704383
Performance evaluation of PC  Polar Codes and CA Polar codes  for eMBB
ZTE, ZTE Microelectronics

R1-1704593
Polar codes construction for eMBB control channel
CATT
R1-1704773
Study of maximum number of parity-check bits for parity-check Polar code
Intel Corporation

R1-1704930
Discussion on polar code construction
LG Electronics

R1-1705422
Comparison of polar codes for control channel
Samsung
R1-1706102
Improvement of FAR Performance for CA Polar Codes
Samsung
R1-1706167
Comparison of Polar codes between CA and PC for control channel
Qualcomm Incorporated
Revision of R1-1705630
R1-1705631
Evaluation of CA with distributed CRC bits
Qualcomm Incorporated

R1-1705756
CRC related design of Polar codes
NTT DOCOMO, INC.

R1-1705861
Design details of distributed CRC
Nokia, Alcatel-Lucent Shanghai Bell
R1-1706408
WF on polar code design 
Nokia, ASB, Docomo, LG
Conclusion:

· Study until RAN1#89 polar code construction techniques to facilitate early termination (i.e. before decoding all the information bits) without degrading BLER performance or latency (especially considering the time for deinterleaving the information and assistance bits) compared to purely implementation based methods such as path-metric based pruning
· e.g. assistance bits distributed in the codeword in such a way that error detection can be performed after partial decoding
· Investigate performance, complexity and FAR impacts
· Study of use of data-independent scrambling to facilitate early termination is also not precluded
R1-1706415
WF on polar code design 
Huawei, HiSilicon, MediaTek, Coherent Logix, AccelerComm, Spreadtrum

Proposal: 
· PC-CA Polar is taken as the baseline for further design on polar code
· CRC bits can be used for error correction
· Some PC bits inserted in reliable positions
· Remaining frozen bits used for PC bits
R1-1706485
WF on polar code construction
Qualcomm, Ericsson
Also supported by Samsung

Agreement:
· J CRC bits are provided (which may be used for error detection and may also be used to assist decoding and potentially for early termination)
· J may be different in DL and UL
· J may depend on the payload size in the UL (0 not precluded)
· In addition, J’ assistance bits are provided in reliable locations (which may be used to assist decoding and potentially for early termination)
· J + J’ <= the number of bits required to satisfy the FAR target (nFAR) + 6
· Working assumption: 

· For DL, nFAR = 16 (at least for eMBB-related DCI)
· For UL, nFAR = 8 or 16 (at least for eMBB-related UCI; note that this applies for UL cases with CRC)
· J’>0

· Working assumption: J”<=2 additional assistance bits are provided in unreliable locations (which may be used to assist decoding and potentially for early termination)
· Can be revisited in RAN1#89 if significant benefit is shown from a larger value of J” without undue complexity – companies are encouraged to additionally evaluate J”=8
· The J’ (and J” if any) bits may be CRC and/or PC and/or hash bits (downscope if possible)
· Placement of the J, J’ (and J” if any) assistance bits is FFS after the study of early termination techniques

· Appended?

· Distributed?

· evenly?

· unevenly? 
R1-1704384
Further Consideration on Polar codes with maximum mother code size
ZTE, ZTE Microelectronics

R1-1704385
Rate matching of polar codes for eMBB
ZTE, ZTE Microelectronics

R1-1704772
Design aspects of Polar Code
Intel Corporation

R1-1705155
Discussion on the design of PC-polar code
Spreadtrum Communications

R1-1705423
Repetition for polar codes
Samsung

R1-1705424
Design of rate-matching polar code
Samsung

R1-1705527
Rate Matching Design for Polar Codes 
InterDigital Communications

R1-1705561
Design of shortened polar codes for control channel
NEC Corporation

R1-1705632
Polar Coding Construction and Rate Matching Impact on Complexity and Latency
Qualcomm Incorporated

R1-1705757
Distributed simple parity check Polar codes
NTT DOCOMO, INC.

R1-1705860
Polar codes for control channel
Nokia, Alcatel-Lucent Shanghai Bell 
R1-1704461
Comparison of Polar Code Designs
MediaTek Inc.

8.1.4.2.1.2 Sequence design
Offline session on Thursday starting 10am in room 205. 
R1-1705084
Theoretical analysis of the sequence generation
Huawei, HiSilicon

R1-1705425
Design of a nested sequence for polar codes
Samsung

R1-1705633
FRANK polar construction: nested extension design of Polar codes based on mutual information
Qualcomm Incorporated

R1-1705758
Sequence design of Polar codes
NTT DOCOMO, INC.
R1-1704317
Rate Matching Scheme for Polar Codes
Ericsson

R1-1704318
Performance of Polar Codes in Fading Channel
Ericsson

R1-1704594
Discussion on polar design and performance for eMBB control channel
CATT

R1-1704774
Sequence design for Polar codes
Intel Corporation

R1-1704931
Information bit allocation of Polar code
LG Electronics

R1-1705634
A comprehensive Rate-matching scheme for polar code and performance evaluation
Qualcomm Incorporated
R1-1706412
Huawei

R1-1706423
WF on information and frozen bit selection
LG
R1-1706436
WF on puncturing methods for polar codes
Ericsson

R1-1706437
WF on nested puncturing pattern for polar codes
Ericsson

R1-1706546
WF on sequence design of polar codes
NTT Docomo, MediaTek

8.1.4.2.1.3 Other

Including consideration of large UCI messages
R1-1704319
Performance Study of Extended Polar Code
Ericsson

R1-1704351
Design features of polar code for control channels
AT&T
R1-1705085
On the channel coding chain for control channel
Huawei, HiSilicon

R1-1705759
Rate matching design of Polar codes
NTT DOCOMO, INC.

R1-1705862
Polar code repetition for control channels
Nokia, Alcatel-Lucent Shanghai Bell
R1-1706435
WF on repeating coded bits of polar code
Ericsson

R1-1704781
MCS Tables for pi/2 BPSK 
IITH, CEWiT, Reliance Jio, IITM, Tejas Networks

R1-1704932
Design of Polar code for control channel
LG Electronics

R1-1705086
Rate matching for polar codes
Huawei, HiSilicon

R1-1705426
Max. polar code size for UCI
Samsung

R1-1705635
On UCI aspects
Qualcomm Incorporated

8.1.4.2.2 Coding for very small block lengths
R1-1706194
On channel coding for very small control block lengths
Huawei, HiSilicon
Revision of R1-1704248
R1-1704386
Consideration on Channel Coding for Very Small Block Length
ZTE, ZTE Microelectronics

R1-1705528
Performance Evaluation of Channel Codes for Very Small Block Lengths 
InterDigital Communications

R1-1706184
Evaluation of the coding schemes for very small block length
Qualcomm Incorporated
Revision of R1-1705636
R1-1705427
Channel coding for very short length control information
Samsung

R1-1704320
Block Codes for Very Short Control Information
Ericsson
R1-1704322
Performance of Block codes with A Priori Information
Ericsson

R1-1706528
Short block codes for eMBB control
Nokia, Alcatel-Lucent Shanghai Bell
Revision of R1-1705863
R1-1706414
WF on channel coding for very small block sizes
Huawei, HiSilicon, CATT, MediaTek, ZTE, ZTE Microelectronics, Coherent Logix, AccelerComm, InterDigital
Proposal:
· Adopt the following channel coding schemes for very small block lengths of control information
· Repetition for 1 information bit, if channel coding is applied
· Simplex for 2 information bits, if channel coding is applied
· FFS between polar and RM codes for 3 – 11 information bits
· Polar codes for K>=12 information bits
R1-1706579
WF on coding scheme for small block lengths
LG Electronics, KT, Nokia, ASB

Proposal:
· Following coding schemes for K information bits should be supported

· K=1 bit: repetition code

· K=2 bit: simplex code

· 3<=K<=11: RM code in LTE specification

· 12<=K<=X: FFS
R1-1706581
WF on channel coding for very small block lengths
Ericsson, Samsung
Proposal:
· At least for control information block length 3<=K<=11 bit
· Reed-Mueller code is adopted 
· FFS between:
· Alt 1: Reuse LTE-RM code
· Alt 2: A new RM code
Agreement: 

· K=1 (if channel coding is applied):

· Repetition code

· K=2 (if channel coding is applied):

· Simplex code

· 3<=K<=11:

· LTE RM code
· Note that if NR requires a codeword size N that is not supported by the LTE RM code, then the LTE RM code will be extended by repetition as in LTE
· 12<=K:
· Polar code (single design for all control information sizes, except for possible omission of CRC bits for payloads <= ~22 bits)
R1-1704321
Investigation of Dual-RM Performance
Ericsson

R1-1704352
Channel coding design for small block lengths
AT&T

R1-1704933
Coding scheme for small block length
LG Electronics

R1-1705637
Evaluation methodology for very small block length
Qualcomm Incorporated

8.1.4.3 PBCH
R1-1704249
Channel coding for PBCH
Huawei, HiSilicon

R1-1704323
On Channel Coding of NR-PBCH
Ericsson
R1-1704462
Polar coding for NR-PBCH
MediaTek Inc.

R1-1705638
PBCH channel coding
Qualcomm Incorporated

R1-1705864
LDPC for PBCH
Nokia, Alcatel-Lucent Shanghai Bell
Agreement:

· The primary candidates for PBCH channel coding are: 

· Polar control channel coding scheme, with Nmax <= 512, reusing same decoder
· LDPC data channel coding scheme, reusing same decoder – i.e. no new shift network, but a new base graph may be considered
· LTE TBCC may also be considered if fundamental problems are unresolved with the above candidates

· Evaluate BLER and FAR performance until RAN1#89, with the following assumptions:

· Implementable decoders, i.e.:

· For polar decoding: Lmax = 8
· For LDPC decoding: min-sum variants, flooding 50 iterations

· Info + CRC = 40-100 bits
· Target FAR is that achieved with CRC size = 16
· Starting code rate <= 1/6

· Performance to be compared based on a single transmission with no combining

· Note that it is assumed that PBCH uses Chase combining – i.e. IR is not supported.  

· Decoder power may optionally also be considered
R1-1704353
Channel coding for PBCH
AT&T

R1-1704387
Consideration on Channel Coding for NR-PBCH
ZTE, ZTE Microelectronics

R1-1704595
Performance evaluation of coding schemes for PBCH 
CATT

R1-1704934
Discussons on PBCH coding scheme
LG Electronics

R1-1705428
Discussion on channel coding scheme for PBCH
Samsung

R1-1705771
Views on coding scheme selection for PBCH
CATR
R1-1706413
Huawei
8.1.4.4 Other
R1-1704388
Consideration on outer code for NR
ZTE, ZTE Microelectronics

R1-1705865
LDPC for URLLC
Nokia, Alcatel-Lucent Shanghai Bell
