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5.1.4 Channel coding
5.1.4.1 LDPC code 
5.1.4.1.1 Coding chain
R1-1711344
LDPC Coding chain
Intel Corporation
R1-1710844
Consideration on coding chain for eMBB data channel
ZTE
5.1.4.1.1.1 CRC attachment

R1-1710482
Study of Number of CRC Bits for Small Transport Blocks
Ericsson

R1-1711533
CRC attachment for Smaller TBs
Nokia, Alcatel-Lucent Shanghai Bell
R1-1710827
On CRC attachment for TB and CB

MediaTek Inc.
Note: proposal is for LTB-CRC =14 for TBs less than e.g. 512 (or higher?)
R1-1710957
Data channel processing and CRC attachment 
InterDigital, Inc.

R1-1711210
CRC attachment
Qualcomm Incorporated
Proposal to be checked until RAN1#90 after LDPC design is complete: 

· LTB-CRC = 16 bits for TBs smaller than e.g. 1008 or 8432 bits

· LCB-CRC = 8 bits

· Checking other values is not precluded

Agreement: 

· CBG-level CRC is not adopted

R1-1710481
Study of Number of CRC Bits for Code Blocks
Ericsson

R1-1710044
Consideration on CRC attachment for eMBB data
CATT
R1-1710341
Discussion on CRC reduction and attachement for eMBB data
LG Electronics

R1-1710480
CRC Attachment for Code Block Group
Ericsson

R1-1711532
CRC attachment for CBG
Nokia, Alcatel-Lucent Shanghai Bell
5.1.4.1.1.2 Segmentation

R1-1710342
Code block segmentation for eMBB
LG Electronics

R1-1710742
CB segmentation on data channel

Samsung
R1-1711534
Code block segmentation of eMBB
Nokia, Alcatel-Lucent Shanghai Bell

R1-1711211
LDPC segmentation
Qualcomm Incorporated

R1-1711439
Segmentation for eMBB data
Huawei, HiSilicon

Agreement: 

· Same value of Z for code blocks within a TB

R1-1710743
UE operation for two different base graphs
Samsung

R1-1710958
Code block segmentation for eMBB data channel 
InterDigital, Inc.

R1-1711535
Padding for LDPC
Nokia, Alcatel-Lucent Shanghai Bell
Agreement: 

· Working assumption from RAN1-NRAH#1 is confirmed that filler bits F are attached at the end of info block B
5.1.4.1.1.3 Rate matching

R1-1710344
Discussion on bit level interleaver
LG Electronics

R1-1710484
Bit Ordering for Circular Buffer of LDPC Codes
Ericsson

R1-1711538
Interleaving for LDPC
Nokia, Alcatel-Lucent Shanghai Bell
R1-1710828
On interleaver for NR LDPC code
MediaTek Inc.

R1-1711212
LDPC rate matching
Qualcomm Incorporated
Conclusion for bit-level interleaving: Revisit after the decision on modulation symbol interleaving in the MIMO session. 

R1-1710045
IR-HARQ scheme for NR LDPC codes
CATT
R1-1710485
Rate Matching for NR LDPC codes
Ericsson

R1-1711438
Rate matching for LDPC codes
Huawei, HiSilicon

R1-1711536
Rate matching for LDPC
Nokia, Alcatel-Lucent Shanghai Bell
Agreement:

· The number of RVs is 4. 

· The RVs are at fixed locations in the circular buffer

· RV#0 is self-decodable

· Working assumption (to be confirmed after selection of the BGs): The first 2Z punctured systematic bits are not entered into the circular buffer

R1-1710343
On rate matching with LDPC code for eMBB
LG Electronics

R1-1710483
LDPC Code Performance at High Code Rate
Ericsson

5.1.4.1.1.4 Other
R1-1710486
Throughput Requirements of LDPC Decoder
Ericsson

R1-1711440
On LDPC codes for eMBB data
Huawei, HiSilicon

5.1.4.1.2 LDPC code design

Finalise number of base graphs, compact vs. extended design, and other design details
R1-1711944
Observations on LDPC Shift Coefficients
Qualcomm, Intel, Ericsson
R1-1711692
WF on final parity check matrix selection
Nokia
Agreements: 
Down selection of PCMs are facilitated as follows:
· Considering the priority given to certain merged proposals in BG1 and BG2, the following ranking is used to facilitate the selection of parity check matrices in more fairer manner.    
· The proponent(s) who are not selected for BG1 or BG2 are ranked above. 
· The proponent(s) who are only in one selected solution of BG1 and BG2 are ranked next. 
· The proponent(s) who are selected for both BG1 and BG2 are ranked below. 
· Any PCMs with significant overlaps with previous PCM designs are ranked below.
· If there are several proponents end up with the same rank, mutual understanding may use to rank the companies. 
· Previous proposals on BG1 and BG2 and the effort put in there shall be considered when ranking. 
· Higher ranking may provide to proponents who were not in the BG1. 
· Ranking changes from top to bottom when the proponent’s proposal selected for a shift coefficient design. 
Selection of final parity check matrices for BG1 is facilitated as below. 

For Set i = 1:8

· Step 1:  Cross check BLER performance at 10-2 and 10-4 for the block sizes related to the Set i (within 512-to-8448) and code rates 8/9-to-1/3. 

· Step 2:  Identify the candidates which are within 0.1 dB BLER performance across most block sizes related to the Set i (within 512-to-8448) and code rates 8/9-to-1/3. 

· Step 3:  Higher ranked identified candidate which is proven to satisfy the selection criteria as below, the proposal is selected as shift coefficient design for Set i. 

· Step 4: the selected proponent is ranked below others. 

End 

Selection criteria for a ranked high proposal as candidate X: 

· A candidate among existing candidates which has better (>0.1dB) BLER performance for block sizes related to the Set i (within 512-to-8448) and code rates 8/9-to-1/3 is selected as candidate Y.   

· Error floor should be checked by examining slope of BLER curves at BLER=10-4.

· Denote P1 as the number of  simulation cases for which the required SNR of candidate X is smaller than the required SNR of candidate Y for more than 0.1dB 

· Denote P2 as the number of  simulation cases for which the required SNR of candidate Y is smaller than the required SNR of candidate X for more than 0.1dB 

· If P2 – P1 <= 2% of all simulation cases (QPSK, block sizes related to the Set i (within 512-to-8448) and code rates 8/9-to-1/3, BLER targets), and satisfies the error floor requirement, candidate X is deemed to satisfy the selection criteria.

Selection of final parity check matrices for BG2 is facilitated as below. 

For Set i = 1:8

· Step 1:  Cross check BLER performance at 10-2 and 10-4 for the block sizes related to the Set i (within 40-to-2560) and code rates 2/3-to-1/5. 

· Step 2:  Identify the candidates which are within 0.1 dB BLER performance across most block sizes related to the Set i (within 40-to-2560) and code rates 2/3-to-1/5. 

· Step 3:  Higher ranked identified candidate which is proven to satisfy the selection criteria as below, the proposal is selected as shift coefficient design for Set i. 

· Step 4: the selected proponent is ranked below others. 

End 

Selection criteria for a ranked high proposal as candidate X: 

· A candidate among existing candidates which has better (>0.1dB) BLER performance for block sizes related to the Set i (within 40-to-2560) and code rates 2/3-to-1/5 is selected as candidate Y.   

· Error floor should be checked by examining slope of BLER curves at BLER=10-4. 

· Denote P1 as the number of  simulation cases for which the required SNR of candidate X is smaller than the required SNR of candidate Y for more than 0.1dB 

· Denote P2 as the number of  simulation cases for which the required SNR of candidate Y is smaller than the required SNR of candidate X for more than 0.1dB 

· If P2 – P1 <= 2% of all simulation cases (QPSK, block sizes related to the Set i (within 40-to-2560) and code rates 2/3-to-1/5, BLER targets), and satisfies the error floor requirement, candidate X is deemed to satisfy the selection criteria.

R1-1711545
Summary of [89-24] Email discussion LDPC code base graph #1 for NR
Nokia, Alcatel-Lucent Shanghai Bell

R1-1711546
Summary of [89-25] Email discussion on LDPC code base graph #2 for NR
Nokia, Alcatel-Lucent Shanghai Bell
R1-1710046
LDPC design for eMBB data
CATT

R1-1710047
Offset optimization for NR LDPC
CATT

R1-1710345
Circulant permutation matrix design for LDPC codes
LG Electronics

R1-1710487
LDPC Code Design for Base Graph #1
Ericsson

R1-1710488
LDPC Code Design for Base Graph #2
Ericsson

R1-1710489
Application of Two Base Graphs for NR Data Channels
Ericsson

R1-1710744
LDPC Code for BG#1
Samsung

R1-1710745
LDPC Code for BG#2
Samsung

R1-1710746
Modulo Lifting for Length-Flexible QC LDPC Codes
Samsung

R1-1710829
On NR LDPC design and performance
MediaTek Inc.

R1-1710845
Shift coefficients design for base graph 1
ZTE

R1-1710846
Shift coefficients design for base graph 2
ZTE

R1-1711213
LDPC rate compatible design
Qualcomm Incorporated

R1-1711345
Base Graph 1 lifting and evaluations
Intel Corporation

R1-1711346
Base Graph 2 lifting and evaluations
Intel Corporation

R1-1711436
LDPC design for base graph 1
Huawei, HiSilicon

R1-1711437
LDPC design for base graph 2
Huawei, HiSilicon

R1-1711537
LDPC designs for base graph 1 and base graph 2
Nokia, Alcatel-Lucent Shanghai Bell
R1-1711731
WF on LDPC code usage scenarios
MediaTek, Qualcomm, InterDigital, ZTE

R1-1711982
WF on LDPC parity check matrices
Nokia et al
Agreement: 

Final parity check matrices for NR LDPC base graph #1 and #2 are agreed as in excel files R1-1711982_BG1.xlsx and R1-1711982_BG2.xlsx in R1-1711982.
Agreement:
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y
· Working assumption : X = 2560 and Y = 0.67
· FFS after PCM decisions if X can be extended to 3840 and/or Y can be extended to 0.75
To be checked how the receiver knows in each case the code rate of the initial transmission, and how exactly it is defined. 
FFS whether some UE capabilities may be possible that do not require the implementation of both base graphs. 
5.1.4.2 Polar code
5.1.4.2.1 Code construction 
R1-1711443
Summary of [89-26] Polar code for NR -- alignment of latency/complexity calculation for early termination
Huawei
R1-1711442
Summary of [89-27] Polar code proposal for NR
Huawei
R1-1711215
Evaluation of early termination for Polar codes
Qualcomm Incorporated

R1-1711644
Study of Split-CRC Polar Code Construction for Early Termination
Tsofun Algorithm
Revision of R1-1709883
R1-1710587
Polar code construction for NR control channel
NEC Corporation

R1-1711347
Simple distributed CRC design for Polar codes
Intel Corporation
R1-1710490
CRC-based Polar Code Construction
Ericsson

R1-1711764
WF on Polar Code Construction
NTT DOCOMO, Ericsson, Qualcomm, Intel, Tsofun Algorithm, CATT, AT&T

R1-1711730
WF on number of assistant bits for Polar Construction
Ericsson, DOCOMO, Qualcomm, Intel, Tsofun Algorithm, Samsung, LG, Fujitsu

Questions: 

· J’ = 3 or 6? 

· How are the J+J’ bits generated? 

· Which bits are distributed (if any) and how? 

Proposal: 

· For DL & UL, at least for K>22:
· The number of assistant bits of Polar codes is
· J+J’ = nFAR + 3
· The J+J’ bits are generated from:
· Working assumption a single CRC polynomial with no interleaver 
· If it turns out that the FAR target cannot be satisfied, then FFS between:
· Single CRC with interleaver, or
· Two CRCs 
· Working assumption that 3 bits are distributed
· 6 distributed bits can be further considered if 3 is shown to be insufficient
· FFS: For UL for K<=22:
· The number of assistant bits of Polar codes is
· J’ = 6
· The J’ bits comprise 3 CRC bits and 3 parity bits
· 6 bits are distributed
Question: Can the FAR target be satisfied using a single CRC polynomial with no interleaver, while achieving early termination benefits? 
Yes: Intel, Docomo, Eri, CATT, QC, 
No: Nokia, LG, HW, CohLog, Mediatek, ZTE, Accelercomm, NEC, Tsofun
Question: Are the achievable early termination benefits (while achieving the FAR and BLER targets) worthwhile compared to the complexity of adding an interleaver?

Yes: LG, Nokia, Mediatek, HW, Accelercomm, ITRI, CohLog, NEC, Spreadtrum, IDC
No: Eri, Docomo, QC, Intel, CATT, Fujitsu, Tsofun

Question: Should we work on a code construction based solution to deliver early termination benefits while achieving the FAR and BLER targets with acceptable complexity?

a) Downlink

Yes: Samsung, Nokia, LG, HW, Mediatek, Intel, IDC, ZTE, ITRI, Spreadtrum, Tsofun, CLX, Accelercomm, NEC, QC (if there is a plan B), Docomo (if there is a plan B)
No: Eri
b) Uplink

Yes: Nokia, HW, Accelercomm, LG, NEC, Intel (if same scheme as for DL)
No: Eri, QC, Samsung, Fuji
Conclusion: 

· RAN1 will work on a code construction based solution to deliver early termination benefits while achieving the FAR and BLER targets with acceptable complexity at least for the DL

· Revisit UL after designing the DL solution. 

Possible solutions for code construction based solution to deliver early termination benefits while achieving the FAR and BLER targets with acceptable complexity for downselection:
· Single CRC + interleaver

· LG, HW, HiSi, Nokia, ASB, CLX, ZTE, Accelercomm, Spreadtrum, Mediatek

· Multiple segment CRCs

· Tsofun, Docomo, QC, CATT, Intel, Eri

Agreement: 
· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 
· Working assumption that the CRC length is 19 bits, to be finalised as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 

· Longer CRCs will be considered if required to meet the FAR target

· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3
· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
Note: K is the number of payload information bits without CRC or parity bits
Note: nFAR may be zero in some circumstances. 
Note: UE specific scrambling is not precluded and will be considered separately. 

From R1-1708833 (submitted to RAN1#89):
Proposal: The interleaver is determined from the CRC generator matrix

R1-1711980
Performance with L1 CRC polynomial
Qualcomm
R1-1709996
Parity check bits for Polar code
Huawei, HiSilicon

R1-1709997
Early termination for Polar code
Huawei, HiSilicon

R1-1710048
Polar codes construction for NR control channel
CATT

R1-1710747
Polar code construction
Samsung

R1-1710847
Performance evaluations on Polar codes
ZTE

R1-1711125
Performance evaluation of DSPC-Polar codes
NTT DOCOMO, INC.

R1-1711214
Early termination scheme for Polar codes
Qualcomm Incorporated

R1-1711540
Early termination benefits of CRC distribution
Nokia, Alcatel-Lucent Shanghai Bell

R1-1711541
Performance evaluation of polar code constructions
Nokia, Alcatel-Lucent Shanghai Bell

R1-1709882
Enhancement of Early Termination of Polar Codes by placing UE-ID on Frozen Symbols 
Tsofun Algorithm
R1-1711570
UE_ID Insertion for Early Block Discrimination on DCI Blind Detection
Coherent Logix

R1-1709998
Polar code for very small block length
Huawei, HiSilicon

R1-1711557
Performance of polar code for very small block length
Qualcomm Incorporated

R1-1709902
Enhancements for Polar code construction
Sequans Communications

R1-1709995
Polar code construction
Huawei, HiSilicon

R1-1710346
Early termination effect of polar codes
LG Electronics

R1-1710479
Evaluation of PM based early termination for Polar code
Huawei, HiSilicon

R1-1710491
Study of Early Termination for DCI
Ericsson

R1-1710748
Scrambling for polar codes
Samsung

R1-1710770
Discussion on Polar code construction
Spreadtrum Communications

R1-1711124
Distributed simple parity check Polar codes
NTT DOCOMO, INC.

R1-1711216
Decoding and encoding latency for polar codes with PC frozen bits or distributed CRC bits
Qualcomm Incorporated

R1-1711217
Performance comparison between CA-polar and PC-polar for very small block length
Qualcomm Incorporated

R1-1711348
Evaluations of Polar code designs
Intel Corporation

R1-1711539
Distributed CRC Polar code construction
Nokia, Alcatel-Lucent Shanghai Bell

R1-1711571
Scrambling Sequence Design for Early Block Discrimination on DCI Blind Detection
Coherent Logix

R1-1711572
Scrambling Sequence Design for Multi-Mode Block Discrimination on DCI Blind Detection
Coherent Logix

R1-1711573
Early Block Discrimination on DCI Blind Detection
Coherent Logix

R1-1711983
WF on Polar Code Construction With PC bits
Huawei, Hilisicon, CATT, MTK,ZTE, Accelercomm, Coherentlogix, LG, Spreadtrum, Interdigital, Nokia 

Agreement:
For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, 3 PC bits are generated according to the following steps:
1.  Encode K info bits to K+nFAR+3 CRC encoded bits,
· FFS the nFAR+3 CRC bit locations
2.  Select K’ = K+nFAR+6 most reliable bit positions
3.  Select 3 PC bits from the K’ reliable positions
· The most reliable n positions with wmin, where
· wmin is the minimum row weight (as defined in R1-1706193) of the K+nFAR+3 most reliable positions within the K’ reliable positions, where n is given by:
· n=1 if M-K-nFAR>192

· n=0 otherwise
· 3-n positions selected in least reliable positions within the K’ reliable positions.
4. Working Assumption:  The value of the PC bits is obtained from a length-5 cycle shift register as in R1-1706193
5.1.4.2.2 Sequence design

R1-1710470
Necessity of multiple sequence for Polar code
Huawei, HiSilicon
Agreement: 

· Channel bit interleaving is applied 

· The interleaving is either performed as part of the rate matching and/or after rate matching 

· To be confirmed after the rate matching discussion whether the interleaving is a separate function

· FFS whether the interleaver is a function of the modulation

· The same sequence for each mother code size is used for all modulations

· The UL sequence for a given mother code size is also used for the DL
R1-1710348
Design of polar codes with high order modulations
LG Electronics

R1-1710961
Interleaver design for polar codes with high order modulation 
InterDigital, Inc.

R1-1710000
Nested sequence for Polar code
Huawei, HiSilicon
R1-1710493
On Bit Mapping Design for Polar Codes
Ericsson
R1-1710843
On the storage of polar code sequences
AccelerComm Ltd

R1-1711126
Sequence design of Polar codes
NTT DOCOMO, INC.

R1-1711218
Sequence construction of Polar codes for control channel
Qualcomm Incorporated

R1-1711542
Sequence design for Polar codes
Nokia, Alcatel-Lucent Shanghai Bell

R1-1711822
Design of combined-and-Nested polar code sequences
Samsung
Revision of R1-1710749
R1-1711781
Performance comparison of sequences for Polar code
Huawei
R1-1711794
WF on Polar Code Sequence evaluation criteria
Samsung
Current support for each sequence: 

· PW: HW, Mediatek, Nokia, LG, IDC, ZTE, Spreadtrum, CATT, Accel., Tsofun
· O-CN: Sams, QC, Docomo, Eri, Tsofun
· MI-DE: QC, Sams, Docomo, Eri, Tsofun, 

· Intel: Intel, Sams, QC, Docomo, Eri, Tsofun
· Docomo: Docomo, Sams, QC, Eri, Tsofun
Proposal: 

· PW is adopted up to N=512 

· Companies work together to design the sequence for N>512

Objected by Sams, QC, Docomo, Eri, Tsofun

Agreement for Next Steps: 

· Polar code sequence candidates, including any merged solutions, should be provided by Wed 2nd Aug
· Identify candidates of polar code sequence according to the procedure below by Wed 9th Aug
· Rate matching proposals for any sequence that has been selected as a winner by at least one company to be provided by Wed 16th Aug.
Decision procedure: 

Candidate sequences shall have the property of simple nestedness, i.e. one sequence of length N/2 is nested with the sequence of length N 
· Presence or absence of any other property (including symmetry, arithmetic describability, down-nestedness (i.e. a sequence of length N/2 is nested within the lower half of the sequence of length N), up-and-down-nestedness (i.e. a sequence of length N/2 is nested in both the upper and lower halves of the sequence of length N)) shall not be used as a decision criterion. 

· Performance metric 
· SNR to achieve 10-2 and 10-3 BLER
· Simulation assumptions 
· Evaluate the block error rate (BLER) performance versus SNR
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excluding any code rates below 1/8

	Codeword length (=N)
	{64, 128, 256, 512, 1024} 

	Decoding algorithm
	List-X with LLR-based min-sum

	List sizes
	1,2,4,8,16 (pruned to 8 best paths for CRC check)

	Code construction for evaluation
	CA polar

	Number of (J+J’) bits
	19 bits (0b10100010101101111001 where the last bit is d19) 


PerfThresh_K = 0.1dB for lower range of K, 0.3dB for higher range of K

PerfThresh_L = 0.4dB for L=1, 0.2dB for L=2, 0.1dB otherwise. 
PerfThresh = max (PerfThresh_K, PerfThresh_L)
Each company selects a winning sequence by the following algorithm:
· For sequence A, 

· compare with sequence Bat each simulation case. 
· For each simulation case:

· if A’s performance is worse than B – PerfThresh, increment FailCount_AB
· if A’s performance is better than B + PerfThresh, increment WinCount_AB
· If (FailCount_AB – WinCountAB) / Total number of simulation cases > 2%, increment OverallFail_A
· compare with sequence Cat each simulation case. 

· For each simulation case:

· if A’s performance is worse than C – PerfThresh, increment FailCount_AC

· if A’s performance is better than C + PerfThresh, increment WinCount_AC

· If (FailCount_AC – WinCountAC) / Total number of simulation cases > 2%, increment OverallFail_A
· repeat for sequences D…N

· For sequence B, 

· compare with sequence A at each simulation case

· etc

· …

· For sequence N, 

· compare with sequence A 

· etc

· Select sequence with smallest OverallFail

If multiple sequences A to M have the same smallest OverallFail, 

· For sequence A, 

· compare with sequence Bat each simulation case. 

· For each simulation case, if A’s performance is better than B + PerfThresh, increment WinCount_AB

· compare with sequence C at each simulation case. 

· For each simulation case, if A’s performance is better than C + PerfThresh, increment WinCount_AC

· WinCount A = ∑WinCount_AB…AM

· repeat for sequences up to M

· Repeat for sequences B to M. 

· Select sequence with highest WinCount, referred to as sequence W. 

· If any WinCount_xW > WinCount Wx, then sequence(s) x is/are also selected. 

If more than 1 sequence is selected by at least one company, then the final sequence will be chosen from the sequences that were selected by at least one company according to the largest support in RAN1#90. 

R1-1710347
Repetition scheme of polar codes
LG Electronics

R1-1710750
Design of unfied rate-matching for polar codes
Samsung

R1-1710825
Optimization and comparison of Polar code rate-matching design
MediaTek Inc.

R1-1710848
Rate matching scheme of Polar codes
ZTE

R1-1710960
Parameter selection for polar codes repetition 
InterDigital, Inc.

R1-1711219
Determination of the values for the parameters in rate-matching for control channel
Qualcomm Incorporated

R1-1710496
Thresholds for Mother Code Size Determination
Ericsson

R1-1711349
Discussion on Polar code rate-matching
Intel Corporation
R1-1711697
WF on rate matching for Polar codes
Qualcomm
Agreements: 

· Rmin = 1/8 

R1-1711729
WF on Circular buffer of Polar Code
Ericsson, Qualcomm, MediaTek, LGE

Agreement: 

· To support repetition, puncturing, and shortening of Polar code:
· The N=2n coded bits at the output of Polar encoder is written into a length-N circular buffer in an order that is predefined for a given value of N
· To obtain M coded bits for transmission
· Puncturing is realized by selecting bits from position (N-M) to position (N-1) from the circular buffer
· Shortening is realized by selecting bits from position 0 to position M-1 from the circular buffer
· Repetition is realized by selecting all bits from the circular buffer, and additionally repeat (M-N) consecutive bits from the circular buffer
· Exact set of repeated bits FFS till RAN1#90
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R1-1710751
Circular buffer management for polar code rate-matching
Samsung

R1-1710492
Information Sequence Design for Polar Codes
Ericsson

R1-1710494
Impact of Puncturing on Bit-channel Capacities
Ericsson

R1-1710495
Polar Code Performance in Fading Channel
Ericsson

R1-1710591
Sequence design evaluation for rate-matched polar codes
NEC Corporation

R1-1710959
Parameter selection for polar codes puncturing and shortening 
InterDigital, Inc.

R1-1711127
Rate matching of Polar codes
NTT DOCOMO, INC.

R1-1711220
Rate-matching scheme for control channel
Qualcomm Incorporated

R1-1711543
Rate matching for Polar codes
Nokia, Alcatel-Lucent Shanghai Bell
5.1.4.2.3 Other

R1-1709999
Interleaver design for Polar code
Huawei, HiSilicon
R1-1710752
Design of channel interleaver for polar codes
Samsung

R1-1710849
Segementation of Polar codes
ZTE

R1-1711128
Interleaving design of Polar codes
NTT DOCOMO, INC.

R1-1711222
Design and evaluation of Interleaver for Polar codes
Qualcomm Incorporated

R1-1710001
Rate matching for Polar code
Huawei, HiSilicon

R1-1710003
Channel coding chain for control channel
Huawei, HiSilicon

R1-1710842
A flexible, low-latency, hardware-efficient SCL polar decoder
AccelerComm Ltd

R1-1710868
Blind Detection with Polar Codes
McGill University

R1-1710869
Partitioned List Decoding of Polar Codes
McGill University

R1-1711221
Design of Polar code for large UCI with segmentation
Qualcomm Incorporated

5.1.4.3 PBCH
R1-1710002
Support of implicit soft combining for PBCH by Polar code construction
Huawei, HiSilicon

R1-1710004
Channel coding for URLLC
Huawei, HiSilicon

R1-1710049
Discussion on Polar codes for PBCH
CATT

R1-1710349
Details on PBCH coding
LG Electronics

R1-1710472
Benefits of implicit soft combining for PBCH by Polar code construction
Huawei, HiSilicon

R1-1710497
Study of Number of CRC Bits for PBCH
Ericsson

R1-1710498
Polar Code Design for NR-PBCH
Ericsson

R1-1710826
Polar coding design for NR-PBCH combining
MediaTek Inc.

R1-1710850
Considerations on Channel Coding for NR-PBCH
ZTE

R1-1711223
PBCH channel coding
Qualcomm Incorporated

R1-1711544
Implicit timing indication for PBCH
Nokia, Alcatel-Lucent Shanghai Bell
5.1.4.4 Other
R1-1709903
Discussion of LTE-RM decoding ambiguity
Sequans Communications

R1-1710471
CRC polynomial for L1 control information and MIB
Huawei, HiSilicon

R1-1710499
LDPC Code Performance for High Reliability Use Cases
Ericsson
