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7.1.4 Channel coding
LDPC code 
7.1.4.1.1 Coding chain
7.1.4.1.1.1 CRC attachment
R1-1707063
CRC Attachment for Code Block Group
Ericsson

R1-1707519
Consideration on CRC attachment for eMBB data
CATT

R1-1707848
On CRC attachment for LDPC
MediaTek Inc.

R1-1708044
CRC attachment for data channel
Samsung

R1-1708824
CRC attachment for CBG
Nokia, Alcatel-Lucent Shanghai Bell

R1-1709272
WF on criteria for selection of CRC length 
Ericsson

R1-1709281
WF on TB level CRC reduction for small size TBs
LG Electronics, KT, Nokia, ASB

R1-1709271
WF on CRC attachment for CBGs
Ericsson, AT&T, Fujitsu, LG, Qualcomm, MediaTek, ZTE

R1-1707064
Study of Number of CRC Bits for Code Blocks
Ericsson
R1-1707201
Study of Number of CRC Bits for Small Transport Blocks
Ericsson Inc.

R1-1708825
CRC attachment for Smaller TBs
Nokia, Alcatel-Lucent Shanghai Bell

R1-1707177
Consideration on coding chain for eMBB data channel
ZTE

Section 2.1
R1-1707668
Discussion on CRC length reduction for eMBB data
LG Electronics
R1-1709024
Considerations on CRC Length
KT Corp.
R1-1708638
CRC attachment
Qualcomm Incorporated

R1-1707746
Attaching CRC for data and control channels
AT&T

R1-1708356
Data Channel Processing and CRC Attachment
InterDigital, Inc.

7.1.4.1.1.2 Segmentation
R1-1707065
Code Block Segmentation
Ericsson
Agreement: 

· If bit-level interleaving is applied, it should be limited to each code block individually
Next steps: 

· Evaluation of bit-level interleaving and decision on its adoption will take place in the channel coding session. 
· If adopted, decide the location of bit-level interleaving relative to circular buffer. 

R1-1708045
Segmentation and concatenation for data channel
Samsung
Agreement: 

· FFS: how CB sizes are determined within a TB
· One of the following approaches will be selected at June Adhoc for determining the Z values of code blocks within a TB:

· Alt 1. Same value of Z 
· Alt 2. At most two different values of Z for a given TB
R1-1708159
Segmentation for eMBB data
Huawei, HiSilicon

R1-1708639
LDPC segmentation
Qualcomm Incorporated
R1-1708826
Code block segmentation of eMBB
Nokia, Alcatel-Lucent Shanghai Bell
R1-1709278
WF on LDPC segmentation
Samsung

R1-1709273
WF on channel interleaver of data channel
Ericsson

R1-1707177
Consideration on coding chain for eMBB data channel
ZTE

Section 2.2
R1-1707669
Code block segmentation for eMBB data
LG Electronics

R1-1708357
Code Block Segmentation for Data Channel
InterDigital, Inc.

R1-1708827
Padding techniques for LDPC
Nokia, Alcatel-Lucent Shanghai Bell
7.1.4.1.1.3 Rate matching
R1-1706973
Rate matching for LDPC codes
Huawei, HiSilicon
Working Assumption:

· The number of redundancy versions is at least 4

· FFS whether 8, 16 RVs should be available
R1-1707068
Rate Matching for NR LDPC codes
Ericsson

R1-1707520
IR-HARQ scheme for eMBB LDPC codes
CATT

R1-1707670
On rate matching with LDPC code for eMBB
LG Electronics

R1-1708640
LDPC rate matching
Qualcomm Incorporated
R1-1709274
WF on highest code rate supported by LDPC
Ericsson, Fujitsu, Intel, LG, Qualcomm

Conclusion: 
· The maximum supported effective code rate for DL and UL transport blocks will be determined after selecting the code. 

R1-1707066
LDPC Code Performance at High Code Rate
Ericsson

R1-1707067
Bit Ordering for Circular Buffer of LDPC Codes
Ericsson

R1-1707849
Rate matching for LDPC codes
MediaTek Inc.

R1-1708828
Rate matching for eMBB
Nokia, Alcatel-Lucent Shanghai Bell
7.1.4.1.1.4 Other
R1-1707069
Throughput Requirements of LDPC Decoder
Ericsson
R1-1709720
WF on LDPC decoder throughput requirements 
Ericsson, MediaTek, Fujitsu

R1-1707671
Discussion on interleaving for eMBB data
LG Electronics

R1-1707745
Impact of frequency domain and time domain  symbol interleaver
AT&T

R1-1708641
Frequency domain interleaving
Qualcomm Incorporated
7.1.4.1.2 LDPC code design

Finalise number of base graphs, compact vs. extended design, and other design details
R1-1706970
LDPC design for eMBB data
Huawei, HiSilicon

R1-1706971
Performance evaluation of LDPC codes
Huawei, HiSilicon
R1-1709289
NR LDPC design
ZTE
Revision of R1-1707179
R1-1707180
Further consideration on flexibility of LDPC codes
ZTE
R1-1709150
On design and performance of NR eMBB LDPC Code
MediaTek Inc.

Revision of R1-1709149/R1-1707850


R1-1709276
LDPC code design for eMBB
Samsung
Revision of R1-1708046
R1-1709181
LDPC rate compatible design
Qualcomm Incorporated
Revision of R1-1708642
R1-1709189
Performance of LDPC design for eMBB
Nokia, Alcatel-Lucent Shanghai Bell
Revision of R1-1708830
Agreement: 

· The selection of base graph design is narrowed down to Alts 1a and 2 from RAN1#88bis

Agreement:  

· For base graph #1:

· The dimensions of the base matrix are 68 columns, 46 rows (to support R=1/3)
· Seven 46x68 base matrices are identified as the set of candidates:
· Provided in the excel file R1_1709751.xlsx in R1-1709751 as Candidates A to G.
· By constructive email discussion until Thursday 1st June, agree (from the set of candidates or a merged solution), for evaluation and downselection until June adhoc:

· a single 46x68 base matrix, 

· the set of shift sizes

· For base graph #2:

· By constructive email discussion until Monday 12th June, agree a single base matrix for Alt 1a and a single base matrix for Alt 2, for evaluation and downselection until June adhoc
· Kbmax = 10 
· Design supports Kmax2 = 
· Working assumption 2560 

· 3840 can be considered further if significant benefit is shown
· The dimensions of the base matrix are 42x52
· Evaluations are to be performed up to Kmax2; primary focus for code selection is performance for K up to around 1024
Open points to be concluded at June adhoc: 

· Selection between Alt 1a and Alt 2
· All coefficients and shift sizes to generate the final parity check matrices

Agreement:

· 1st version of set of Alt2 BG2 candidates are those sent to RAN1 by 31st May 11pm PST
· Final version of set of Alt2 BG2 candidates should be provided by 5th June 11pm PST
· Note that additional candidates can be included that were not in the first version
Summary of deadlines and process:
NxAlt2BG2 (31st May) -> 1xBG1 (1st June) 


-> 1xAlt1aBG2 (12th June)





-> NxAlt2BG2’ (5th June) -> 1xAlt2BG2’ (12th June)

R1-1709751
WF on candidate LDPC base matrices
Nokia, ASB, Samsung, Huawei, ZTE, MediaTek, Qualcomm, LG
R1-1709296
WF on LDPC design convergence
MediaTek, Huawei, HiSilicon, ITRI, Nokia, ZTE, CATT

R1-1706972
Throughput of LDPC codes
Huawei, HiSilicon

R1-1707070
LDPC Code Design
Ericsson

R1-1709288
Performance evaluation of LDPC codes for eMBB
ZTE
Revision of R1-1707178
R1-1707521
LDPC Design for NR data channel
CATT

R1-1707522
Offset optimization on base matrices for LDPC design
CATT

R1-1707672
LDPC codes design for eMBB data channel
LG Electronics

R1-1708319
Discussion on LDPC code design details
Intel Corporation

R1-1708829
LDPC design for eMBB
Nokia, Alcatel-Lucent Shanghai Bell

R1-1709150
On design and performance of NR eMBB LDPC Code
MediaTek Inc.

7.1.4.2 Control channel coding

7.1.4.2.1 Polar code 

7.1.4.2.1.1 Code construction
R1-1709176
Early termination for polar codes
Qualcomm Incorporated
Revision of R1-1708644
R1-1709152
Early Termination of Polar Codes in Downlink
Ericsson
Revision of R1-1707072
R1-1708316
Study of early-termination techniques for Polar code
Intel Corporation

R1-1707686
Early block discrimination with polar codes for DCI blind detection
Coherent Logix

R1-1708832
Early termination benefits of CRC distribution
Nokia, Alcatel-Lucent Shanghai Bell

R1-1706965
Polar code design
Huawei, HiSilicon
R1-1708488
Distributed simple parity check Polar codes
NTT DOCOMO, INC.

R1-1707524
Design of polar codes for early termination
CATT

R1-1708047
Early termination of polar decoding
Samsung

R1-1707181
Performance evaluations on Polar codes with distributed CRC bits
ZTE

R1-1708048
CA-polar codes for small block length
Samsung

R1-1708049
Comparison of CA polar codes and PC-CA polar codes
Samsung

R1-1708831
Performance evaluation of polar code constructions
Nokia, Alcatel-Lucent Shanghai Bell

R1-1707060
Design of assistance bit aided polar codes for NR control channel
NEC Corporation

Agreement: 

· For DL: 

· J’ = 3 or 6, to be downselected at June adhoc

· J’’ = 0
· At least some of the J + J’ bits are appended
· FFS until June adhoc:

· how the J + J’ bits are obtained 

· If J’=6, working assumption that at least some of the J + J’ bits are distributed (including to support early termination in the code construction) (Consideration of J’=6 proposals without distributed J+J’ bits are not precluded.)
· If J’=3, FFS until June adhoc whether some of the J + J’ bits are distributed (including to support early termination in the code construction)

· Consideration of distribution of bits shall consider complexity versus benefit and comparison to implementable purely implementation based methods for early termination
Email discussion until Thursday 1st June to align calculation methods for latency and complexity with early termination. 

Companies are requested to provide proposed schemes for evaluation by Thursday 8th June. 

Qualcomm, Ericsson have strong concerns on the maturity of code-construction based early termination. 
Qualcomm has strong concerns on the fifth bullet. 

At least some of the J + J’ bits are distributed in order to support early termination in the code construction:

· yes: DCM, Nokia, HW, ZTE, CATT, IDC, CL, NEC, Mediatek, Accelercomm, Spreadtrum

· no: Intel, LG, QC, Eri, Sams, Fuji, ETRI, Tsofun, IAESI
R1-1709520
WF on polar code construction
NTT DOCOMO, Qualcomm, IAESI, Ericsson

R1-1707055
On design of PC-CA polar codes
NEC Corporation

R1-1707071
Polar Code Construction
Ericsson

R1-1707182
Further Consideration on Polar codes with maximum mother code size
ZTE

R1-1707221
Enhancements for Polar code construction
Sequans Communications

R1-1707523
Performance evaluation of polar codes for eMBB control channel
CATT

R1-1707673
Discussion on early termination for control channel
LG Electronics

R1-1707687
Early Termination Based on UE ID Frozen Bit Insertion
Coherent Logix

R1-1707792
Discussion on Polar code construction
Spreadtrum Communications

R1-1708315
Design aspects of Polar Code
Intel Corporation

R1-1708643
Comparison of Polar codes between CA and PC for control channel
Qualcomm Incorporated

R1-1708645
Polar Coding Construction and Rate Matching Impact on Complexity and Latency
Qualcomm Incorporated

R1-1708833
Design details of distributed CRC
Nokia, Alcatel-Lucent Shanghai Bell

R1-1709060
Performance comparison between CA-polar and PC-polar for very small block length
Qualcomm Incorporated

R1-1709134
Implementation Considerations for Polar Code Construction
Coherent Logix

R1-1709135
WF: Embedded UE_ID for Early Termination
Coherent Logix
7.1.4.2.1.2 Sequence design
R1-1706966
Sequence design for polar codes
Huawei, HiSilicon

R1-1707059
Evaluation of sequence design for polar codes
NEC Corporation
R1-1709153
Impact of Information Bit Locations to Polar Codes with High Order Modulations
Ericsson
Revision of R1-1707073
R1-1708051
Design of nested polar code sequence
Samsung

R1-1708157
Analysis of the sequence for polar codes
Huawei, HiSilicon

R1-1708489
Sequence design of Polar codes
NTT DOCOMO, INC.

R1-1708490
Performance evaluation of sequence design for Polar codes
NTT DOCOMO, INC.

R1-1709178
FRANK polar construction for NR control channel and performance comparison
Qualcomm Incorporated
Revision of R1-1708646
R1-1708834
Sequence design for Polar codes
Nokia, Alcatel-Lucent Shanghai Bell
R1-1709361
WF on information and frozen bit selection on NR polar codes
LG Electronics, Ericsson, KT, AT&T, InterDigital

Agreement: 
· Working assumption (1) that a single fixed sequence is provided for information and frozen bit selection for each mother code size

· FFS until June adhoc whether an additional fixed sequence per mother code size is beneficial for:

· 16QAM vs other modulations

· UL vs DL

· FFS until June adhoc the impact of channel interleaving on the possible need for multiple sequences

· A set of fixed sequences for different mother code sizes are derived from a single sequence for a single reference mother code size 
· The single reference mother code size is either: 
· the largest mother code size, max(Nmax,UCI, 512), or
· 64
· To be decided in June adhoc 
· If the working assumption (1) above is modified such that there is more than one sequence for the largest mother code size, additional set(s) of sequences may be derived for the other mother code sizes. 
· When selecting the sequences, take into account at least the known CCE sizes and if possible typical payloads 
R1-1709731
WF on polar codes for high order modulation
Samsung

R1-1708491
Rate matching design of Polar codes
NTT DOCOMO, INC.

R1-1707845
Polar code rate-matching design
MediaTek Inc.

R1-1707075
Rate Matching Schemes for Polar Codes
Ericsson
Terminology for use in RAN1 from now on:
· Puncturing refers to non-transmission of coded bits such that the non-transmitted bits are unknown at the receiver and the corresponding LLRs can be set to zero.
· Shortening involves setting input bits to a known value, and non-transmission of coded bits corresponding to those input bits, such that the corresponding LLRs can be set to a large value at the receiver.
R1-1708647
Rate-matching scheme for polar code and performance evaluation
Qualcomm Incorporated

R1-1706967
Rate matching for polar codes
Huawei, HiSilicon  

R1-1707076
Performance Comparison of Rate Matching Schemes for Polar Codes
Ericsson

R1-1707077
Puncturing and Repetition of Polar Codes
Ericsson

R1-1707183
Polar codes construction and rate matching scheme
ZTE
R1-1707675
Discussion of rate matching for Polar codes
LG Electronics

R1-1708835
Rate matching for Polar codes
Nokia, Alcatel-Lucent Shanghai Bell
R1-1707058
Evaluation of rate-matching schemes for polar codes
NEC Corporation

R1-1708358
Rate Matching Design for Polar Codes
InterDigital, Inc.
R1-1709464
WF on repeating coded bits of polar code
Ericsson, ZTE, MediaTek, Qualcomm, InterDigital
Working Assumption is confirmed: 
· Maximum code size, Nmax=2n, at the output of Polar encoding for Uplink Control Information (UCI) is:
· Nmax,UCI = 1024 for uplink control information
R1-1709362
WF on rate matching for polar codes
Qualcomm, Ericsson, Intel, LG Electronics, ZTE
Agreement:

After segmentation (if any):
· K is the number of information bits (including CRC if one is attached)
· M is the number of coded bits for transmission
· NDM  is the smallest power of 2 that is >=M
· NM  is 
· NDM /2     if    M < β* NDM /2 and K/M < Rrepthr,   1<=β<2  (exact value FFS; it is not precluded that β is a function of NDM)
· Otherwise, NDM         
· FFS the value of Rrepthr;  Rrepthr = 0 not precluded
· NR is the smallest power of 2 that is >= K/Rmin
· Rmin is the supported minimum coding rate, 
· ~1/12<=Rmin<=~1/5, FFS the exact value 
· Nmax is the maximum supported mother code size 
· The mother code size N is determined as min(NM, NR, Nmax)
· Repetition is applied when   M > N
· Puncturing or shortening is applied when M < N    
· Puncturing for lower code rates, e.g. in cases where code rate <= Rpsthr, and/or other condition(s) 
· Shortening for higher code rates, e.g. in cases where code rate > Rpsthr, and/or other condition(s)
· Details FFS
R1-1709465
WF on puncturing methods of polar codes
Ericsson, MediaTek, LGE , Qualcomm

R1-1707674
Information bit allocation of Polar codes
LG Electronics

R1-1708050
Consideration on polar codes for high order modulation
Samsung

R1-1708317
Sequence design for Polar codes
Intel Corporation

R1-1707747
Polar code construction for control channels
AT&T

R1-1707074
On the Design of Polar Codes
Ericsson

R1-1707078
Impact of Puncturing on Bit-channel Capacities
Ericsson

7.1.4.2.1.3 Other
R1-1707202
Polar Code Performance in Fading Channel
Ericsson Inc.

R1-1708273
Blind Detection with Polar Codes
McGill University

R1-1708648
On UCI aspects (design of Polar code for large UCI with segmentation)
Qualcomm Incorporated

R1-1708649
Interleaver design for Polar codes
Qualcomm Incorporated

PBCH
R1-1706969
Channel coding for PBCH
Huawei, HiSilicon
R1-1709154
Coding Techniques for NR-PBCH
Ericsson
Revision of R1-1707080
R1-1707525
Evaluation of coding schemes for PBCH
CATT
R1-1707846
Channel coding for NR PBCH
MediaTek Inc.

R1-1708053
Implicit data transmission over PBCH using LDPC code
Samsung

R1-1708318
Coding scheme for PBCH
Intel Corporation

R1-1708650
PBCH channel coding
Qualcomm Incorporated

R1-1708836
Coding scheme for PBCH
Nokia, Alcatel-Lucent Shanghai Bell

Agreement:

· Polar coding is adopted for NR-PBCH

· Using same polar code construction as for the control channel

· Nmax = 512
· Working assumption that the data, including time index if carried by NR-PBCH, is transmitted explicitly

· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design
R1-1707079
Study of Number of CRC Bits for PBCH
Ericsson

R1-1707184
Consideration on Channel Coding for NR-PBCH
ZTE

R1-1707676
Comparison of LDPC and polar codes for PBCH
LG Electronics

R1-1707801
Multi-RAT system level considerations for NR PBCH Channel Coding
AccelerComm Ltd

R1-1708052
Channel coding for PBCH
Samsung

R1-1708158
Soft-combining for PBCH
Huawei, HiSilicon

R1-1708359
Channel Codes for PBCH
InterDigital, Inc.
#
Other
R1-1706968
Channel coding chain for control channel
Huawei, HiSilicon

R1-1707007
Channel coding for URLLC
Huawei, HiSilicon

R1-1707185
Consideration on outer code for NR
ZTE
R1-1709044
Draft CR on LDPC code [38.802]
Samsung
Agreed in R1-1709721 38.802CRxxxx with correction of “base graph” -> “base matrix” on cover sheet, and with latest CR cover sheet. 
Change consequences if not approved to “Terminology is not consistent”. 

R1-1709729 
Draft CR on LDPC code [38.912]
Samsung
Agreed in R1-1709722 38.912 CRxxxx with latest CR cover sheet. 

