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7.4 Channel coding
7.4.1 LDPC code 
7.4.1.1 Remaining issues of bit-level interleaver 
R1-1718346
Remaining issues on bit-level interleaver
MediaTek Inc.
R1-1718673
Reverse order mapping for retransmissions
Nokia, Nokia Shanghai Bell
R1-1717680
Bit-reversal mapping in bit-level interleaver
Samsung
R1-1717404
Remaining issues of LDPC bit-level interleaver
Intel Corporation
R1-1718375
Bit mapping to modulation symbols
Huawei, HiSilicon
R1-1718408
On bit reversal in bit-level interleaver
ZTE, Sanechips
R1-1717975
On bit reverse mapping of LDPC
LG Electronics
R1-1717682
Coding chain for data channel
Samsung
R1-1717989
Remaining Issues of Channel Interleaver for LDPC Codes
Ericsson
R1-1718583
Bit-level interleaving
Qualcomm Incorporated

Late submission
Agreements: 
· Reverse mapping is not supported. 

· Working assumption is confirmed that interleaver is located after the whole rate matching functionality including repetition
7.4.1.2 RV order for special cases

R1-1717405
LDPC RV ordering for special cases
Intel Corporation
Observations: 

· If performance is the priority, {0,2,3,1} should be used. 
· If self-decodability is the priority, it should be taken into account that the upper limit of the code rate at which each RV is self-decodable is in the following order: 0>3>>2>1
Agreement: 

· The default RV order is {0,2,3,1} for cases where RV index is not explicitly signalled or otherwise specified and there is no ambiguity about which instance of a transmission occurred, for both BG1 and BG2
Conclusion for other cases, e.g. grant-free and unlicensed: 

· The respective session should determine the requirements (ambiguity, number of repetitions, self-decodability, existence of configuration signalling) and RV(s) should then be determined accordingly in the channel coding session. 

R1-1717990
RV Order for LDPC HARQ
Ericsson
R1-1717681
RV order for special case
Samsung
R1-1718498
Performance Evaluation of RV Order 
InterDigital, Inc.
R1-1718409
On RV order for special cases
ZTE, Sanechips
R1-1718674
Default RV order
Nokia, Nokia Shanghai Bell
R1-1717976
RV order for special cases
LG Electronics
R1-1718584
Considerations for RV order
Qualcomm Incorporated
R1-1718347
On RV order for special cases
MediaTek Inc.
R1-1718376
RV order for LDPC codes
Huawei, HiSilicon
7.4.1.3 Other

Including confirmation of Working Assumptions on segmentation and BG selection. 

Including handling highest code rate supportable by each BG with acceptable performance
Max code rate for BG1
R1-1717406
Remaining issues for LDPC BG usage and segmentation
Intel Corporation
Section 4

R1-1717683
Highest code rate supportable by BG1
Samsung
R1-1718676
Highest code rates for LDPC base graphs
Nokia, Nokia Shanghai Bell
R1-1717991
Highest Code Rate Supported by LDPC Codes
Ericsson
R1-1717977
Remaining issues in LDPC code
LG Electronics
Section 2.2

R1-1718410
Remaining issues of segmentation and BG selection
ZTE, Sanechips
Section 4
R1-1718348
Remaining issues on BG applications for NR
MediaTek Inc.
Section 2

Values proposed: 0.935, 0.9375, 0.949, 0.95, 0. 9565, 0.96, 0.97

Agreement: 

· UE can skip decoding with BG1 when the effective code rate is > 0.95. 

Observation: 
· BG1 performance is good for 256QAM up to 0.9375, and for QPSK up to 0.9565. 
BG selection and segmentation
R1-1717993
Application of BG1 and BG2 for NR Data Channel
Ericsson
R1-1718997
Highest code rate supportable by BG2
Samsung
Revision of R1-1717684
R1-1718377
Base graph usage for small block lengths
Huawei, HiSilicon
Section 2

R1-1718348
Remaining issues on BG applications for NR
MediaTek Inc.
Section 3
Agreement: 

For block lengths K≤308:
· BG2 is used for all code rates
R1-1717686
Discussion on BG2 segmentation
Samsung
R1-1717406
Remaining issues for LDPC BG usage and segmentation
Intel Corporation
Section 2

Proposals:: 

· Alt 1: Zero padding is added during segmentation if there are cases where the relevant BG does not support the required TBS. 

· Alt 2: Cases are not supported where the TBS determination procedure cannot achieve the criterion that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS (before addition of LDPC encoding filler bits).

· Alt 3: Transport block sizes that are supported by BG2 are also supported by BG1, and  the maximum number of code block sizes supported by BG2 is at most two.
· Alt 4: Transport block sizes that are supported by BG1 are also supported by BG2, and zero padding is added during segmentation if necessary. 
Agreement: 

· TBSs are byte-aligned

Agreement: 

The first Working Assumption from RAN1#90 AI 6.1.4.1.2 and the first Working Assumption from NR AH#3 AI 6.4.1.3 are combined and agreed as modified below:
· For initial transmissions with code rate Rinit > 1/4, BG2 is not used when TBS>3824 

· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼ for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840
· TBS determination for all code rates shall ensure that no zero padding is necessary with BG1 segmentation; TBS determination shall also strive to achieve no zero padding also with BG2 segmentation; any special cases are only permitted for BG2. 
· If needed for BG2 segmentation, zero padding is added during segmentation, with the padding being placed at the beginning of the first code block prior to CB-CRC calculation; padding bits are transmitted. 

FFS: Byte- or something-alignment of CB sizes. 

R1-1717992
TB Size and Code Block Segmentation for NR Data Channel
Ericsson
R1-1718675
Remaining details of CB segmentation
Nokia, Nokia Shanghai Bell
R1-1718410
Remaining issues of segmentation and BG selection
ZTE, Sanechips
Sections 2&3

R1-1718499
LDPC Base Graph Selection for Small Code Blocks
InterDigital, Inc.
R1-1717977
Remaining issues in LDPC code
LG Electronics
Section 2.1

R1-1717842
BG  selection for NR data channel
CATT
Nominal code rate determination from DCI
R1-1718377
Base graph usage for small block lengths
Huawei, HiSilicon
Section 3

Question: How to determine the BG of the initial transmission, including when segmentation with BG2 is applied? 

Problem: How to let the receiver identify the BG on a retransmission when the MCS is changed such that the BG seelction would differ from the initial transmission when initial PDCCH assignment is missed, followed by DTX->NACK error? 

Options:

· Alt 1: Explicit indication of BG in DCI 

· Most robust solution, fixes all error cases

· But increases overhead

· LG, ZTE, Nok, Fuji, CATT,  MTK

· Alt 2: Determine TBS and BG from MCS field in DCI, and either:

· Intel, Sams, DCM, Eri, QC, HW, 

· a) apply additional* restrictions to the MCS set of all retransmissions to ensure that the TBS calculation results in the same BG selection as for the initial transmission
· b) enable TBS and BG to be derived from the MCS field unambiguously for both initial and retransmissions, without additional* restrictions on the MCS set for retransmissions
* additional meaning on top of the restrictions that would anyway apply if the BG was explicitly known. 
Study the above further until RAN1#91. 

R1-1717685
Code rate definition for BG selection
Samsung
R1-1717406
Remaining issues for LDPC BG usage and segmentation
Intel Corporation
Section 3

R1-1718585
Considerations for BG2 segmentations
Qualcomm Incorporated

Late submission
7.4.2 Polar code

7.4.2.1 Remaining issues of code construction

Frozen bit values, scrambling, CRC masking
R1-1717407
Remaining issues for Polar code construction
Intel Corporation

Sections 3,4
R1-1718343
On UE-specific scrambling design for DL control
MediaTek Inc.
R1-1718368
Linear Codeword Scrambling to Support Early Termination on DCI Blind Detection and other Modes of Block Discrimination
Coherent Logix
Observations:

· No loss of ET opportunities compared to the case of no masking is foreseen by masking the RNTI onto the last NRNTI CRC bits, provided that NRNTI <= 17. 

· No significant loss of ET opportunities compared to the case of no masking is foreseen by masking the RNTI onto the last NRNTI CRC bits, provided that NRNTI <= 21. 
· Masking RNTI on the distributed CRC bits:

· if the UE is configured to monitor only 1 RNTI:

· may increase the ET possibilities in the case of a valid codeword for another RNTI being received
· if the UE is configured to monitor >1 RNTI:

· reduces possibilities for ET 

· may require decoder to maintain two decoding trees in some implementations. 

Agreement: 

· RNTI is masked onto the last NRNTI CRC bits on the PDCCH, where NRNTI is the number of bits of the RNTI

· Working Assumption that NRNTI is 16 bits. 

· Prepare a draft LS to RAN2 (R1-1719086 – Yufei – approved in R1-1719094) to let them know that RAN1’s channel coding design for PDCCH is capable of carrying RNTIs on the DCI up to at least 17 bits, and possibly up to 21 bits, asking RAN2 to inform RAN1 when they have decided the necessary RNTI length. 

· Check the LS in the control channel session in case additional information should be included before sending it. 

Note that this preserves the ET gains in cases of interference that is effectively AWGN or QPSK constituting an invalid codeword. 
Working assumption: no additional UE-specific scrambling motivated by channel coding; can be revisited on Thursday or at RAN1#91 if it is shown that valid codeword interference occurs sufficiently frequently to cause significant overall loss in ET gain (in which case, the following examples of scrambling may be considered, provided that the number of required blind decodes is not increased: u-domain or c-domain or before mapping to modulation symbols, or payload scrambling after CRC calculation but before CRC attachment).
Observations on scrambling:

· When input to decoder is effectively AWGN or random QPSK, there is no difference in ET gain between cases with and without UE-ID-based u-domain scrambling

· Pros and cons of scrambling: 

· When input to decoder is another valid codeword, scrambling gives ET benefits in cases of high SINR to the unintended UE

· May increase latency (different opinions)

R1-1718677
Frozen bit values and scrambling
Nokia, Nokia Shanghai Bell
R1-1718504
Simplified UE-Specific Scrambling for DL Control
Tsofun Algorithm
R1-1718370
UE-ID and value of frozen bits for Polar code
Huawei, HiSilicon
R1-1718884
Consideration of UE ID scrambling for DCI
Qualcomm Incorporated
Revision of R1-1718586
R1-1717997
RNTI and Scrambling for DCI
Ericsson

R1-1718226
UEID scrambling design for Polar codes
NTT DOCOMO, INC.
R1-1717687
UE-specific scrambling for downlink control channels
Samsung
R1-1718407
On Setting the values of Frozen bit locations for Polar codes
AT&T
R1-1717978
Scrambling of downlink control channel
LG Electronics
R1-1717752
RNTI scrambling for PDCCH Polar code
Spreadtrum Communications
R1-1718500
On UE Specific Scrambling 
InterDigital, Inc.
R1-1717995
Remaining Issues of Polar Code Construction for UCI and DCI
Ericsson
R1-1717843
Scrambling for Control
CATT

Late submission
7.4.2.2 Remaining details of DL channel interleaver

R1-1718860
Performance evaluation of DL channel interleaver
LG Electronics

Revision of R1-1717979
R1-1718893
Channel bit interleaver for DL control
MediaTek Inc.

Revision of R1-1718344
R1-1718371
DL Channel interleaver
Huawei, HiSilicon

R1-1717844
Interleaver design for NR DL control channel
CATT

R1-1718501
On Downlink Channel Interleaver 
InterDigital, Inc.

R1-1717996
On Downlink Channel Interleaver for Polar Codes
Ericsson

R1-1717688
Design of channel interleaver for downlink control channels
Samsung

R1-1718678
Downlink Channel Interleaver for Polar codes
Nokia, Nokia Shanghai Bell
R1-1718411
Performance evaluation of  downlink channel interleaver
ZTE, Sanechips

Proposed Agreement: 

· Adopt the interleaver only for the AL=1 case. 

· Use simple rectangular block interleaver

Objections from Intel, Ericsson, Docomo, Samsung

Conclusion: 

· DL channel interleaver is not adopted. 

R1-1718587
Considerations on downlink interleaver design
Qualcomm Incorporated

Late submission

7.4.2.3 Other

Segmentation for large UCI
R1-1718914
Segmentation of Polar code for large UCI
ZTE, Sanechips

Revision of R1-1718412

Agreement: 

· UCI segmentation into two segments with equal segment sizes (with a single zero-padding bit inserted at the beginning of the first segment if needed) is used for certain ranges of K (before segmentation) and R, e.g. K>= threshold (e.g. 352) and R<= threshold (e.g. 0.4)
· exact values FFS until RAN1#91

· CRC appended to the first segment is calculated based on the first segment only

· CRC appended to the second segment uses the same polynomial as for the first segment, and is calculated based on the second segment only

R1-1717407
Remaining issues for Polar code construction
Intel Corporation
Section 5

R1-1718372
Segmentation for Polar codes
Huawei, HiSilicon

R1-1718589
Segmentation design for large UCI
Qualcomm Incorporated

Miscellaneous

R1-1718227
Polar coding for CSI reporting
NTT DOCOMO, INC.

R1-1718413
Joint coding scheme for UCI
ZTE, Sanechips

R1-1717689
Polar code construction for short UCI
Samsung

R1-1718506
On nFAR for UL code construction
Huawei, HiSilicon

R1-1718588
Consideration nFAR determination for uplink
Qualcomm Incorporated

7.4.3 PBCH

R1-1718373
Polar code for PBCH and soft combining
Huawei, HiSilicon

R1-1717690
Polar code construction for PBCH
Samsung

R1-1717998
Polar Code Design for NR-PBCH
Ericsson

R1-1718959
WF on polar code construction for PBCH
Ericsson, Qualcomm
Agreement from RAN1#89:

· Polar coding is adopted for NR-PBCH

· Using same polar code construction as for the control channel

· Nmax = 512
Clarification of the above agreement: 
· Reuse Polar code design of PDCCH, i.e., 24-bit D-CRC with the associated interleaver.
Agreement: 

· Working assumption from RAN1#89 is confirmed, that the data, including time index if carried by NR-PBCH, is transmitted explicitly


R1-1719136 
WF on bit-field order for NR PBCH
Ericsson, Mediatek

Next steps: 

Study further until RAN1#91 the order of the PBCH fields, considering whether one or more PBCH fields that have known bit values in certain scenarios are placed in a specific order to enable potentially improved PBCH decoder performance/latency (with the CRC being calculated based on the order of the payload after this ordering)
· Examples of field(s) to be considered in particular include:
· SS block time index;
· SFN bits (e.g. for handover cases when the SFN is known a priori);
· reserved bits
· Note that backward compatibility problems in future releases should be avoided. 
R1-1718345
PBCH coding design
MediaTek Inc.

R1-1718524
Scrambling sequence design for PBCH
Sequans Communications

R1-1718590
PBCH design using Polar codes
Qualcomm Incorporated

R1-1718679
Remaining details of PBCH
Nokia, Nokia Shanghai Bell

R1-1717845
Discussion on Polar codes for PBCH
CATT

R1-1717980
Coding aspects of PBCH transmission
LG Electronics

7.4.4 Other
R1-1717727
Essential enhancement to rate matching of Reed Muller code
Sequans Communications

R1-1718374
Channel coding for URLLC
Huawei, HiSilicon

R1-1718505
Channel Coding for URLLC
Tsofun Algorithm
R1-1719253
WF on coding for 6G
Accelercomm, CATT, Coherent Logix, Ericsson, Fujitsu, HiSilicon, Huawei, Intel, InterDigital, LG, MediaTek, Nokia, NSB, NTT Docomo, Orange, Qualcomm, Samsung, Sanechips, Sony, Tsofun, Xilinx, ZTE, Satoshi

With this proposal, 6G is now complete as well as 5G. 
