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6.4 Channel coding
6.4.1 LDPC code 
6.4.1.1 Bit-level interleaver design

R1-1716667
Bit-level interleaver design for data channel
Samsung

Revision of R1-1716023
R1-1716224
On design of bit level interleaver
MediaTek Inc.

R1-1715501
Bit interleaver for LDPC codes
Huawei, HiSilicon

R1-1715663
On bit level interleaving for LDPC code
ZTE, Sanechips

R1-1715831
Bit-level interleaver design for eMBB data channel
CATT

R1-1716328
On Bit-interleaver for LDPC
Intel Corporation

R1-1716556
Bit-interleaving for LDPC
Nokia, Nokia Shanghai Bell

Agreement:
For the per-codeblock bit-interleaver for LDPC: 

· Row-column interleaver with number of rows equal to the modulation order is adopted, with row-wise write and column-wise read. 
· Note that this achieves Systematic Bit Priority Ordering for RV0

· The number of coded bits in a code block is an integer multiple of the modulation order

R1-1716733
Bit-level interleaving
Qualcomm Incorporated

Revision of R1-1716441

Working Assumption: 

· The interleaver is located after the whole rate matching functionality including repetition 

· To be confirmed at RAN1#90bis. 

Conclusions: 

FFS until RAN1#90bis, and take decisions then: 

· Whether mapping order of bits to modulation symbols is reversed in retransmissions, subject to defining how to avoid ambiguity, e.g. by using the natural order for the first transmission of RV0, and the reverse order for retransmissions of RV0 (as indicated by NDI)
· Suggested cases when this may be beneficial:

· When Chase combining with RV0 is used?

· With HOM and repetition?

· With HOM and low code rate?

· In fading channels?

· …

6.4.1.2 Remaining details on rate matching
R1-1716734
Non-uniform RV positions for LDPC
Nokia, Nokia Shanghai Bell

Revision of R1-1716557

R1-1715894
On rate matching for LDPC code
LG Electronics

R1-1715664
On rate matching for LDPC code
ZTE, Sanechips

R1-1716225
On LDPC rate matching
MediaTek Inc.

R1-1715502
Rate matching for LDPC codes
Huawei, HiSilicon

R1-1715732
Redundancy Version for HARQ of LDPC Codes
Ericsson

R1-1715832
Rate matching  scheme for NR LDPC codes
CATT

R1-1716668
Rate matching details for data channel
Samsung

Revision of R1-1716024
R1-1716329
Finalization of remaining details of rate-matching
Intel Corporation

R1-1716442
LDPC rate matching
Qualcomm Incorporated

R1-1716485
LDPC rate matching design 
InterDigital, Inc.

Observations:
· Some small gains are seen in some cases for non-uniform starting positions

· But many companies propose uniform starting positions as a “safe choice”
· Some advantages have been mentioned for having another self-decodable RV available at all code rates

· Bit reordering proposal has additional complexity associated with it

Agreement: (as a good compromise considering self-decodability, performance and complexity)
· When LBRM is not applied, fix RVs {0,1,2,3} at {0,17,33,56} x Z for BG1 and {0,13,25,43} x Z for BG2
Default RV order for any special cases where RV index is not explicitly signalled but there is no ambiguity about which instance of a transmission occurred:
· Evaluate at least {0,2,3,1} and {0,3,2,1} until RAN1#90bis. 

· Take final decision at RAN1#90bis. 

FFS for cases where there may be ambiguity, if any such cases exist – discuss offline until RAN1#90bis. 
Note that order of RVs should be discussed in the channel coding session, e.g. if it is decided elsewhere to support RV cycling. 

6.4.1.3 Other
Including confirmation of Working Assumptions on segmentation, etc.

R1-1715733
Summary of email discussion [90-28] Definition of R_init
Ericsson

Agreement: 

· Rinit value to be used in the Working Assumption from RAN1#90 is 

· 0.25

Working Assumption from RAN1#90, to be checked after finalisation of the TBS table and confirmed if TBSs exist for which the following is meaningfully beneficial and does not cause meaningful degradation: 
· 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
Alternative proposal: BG2 is not used when TBS>3824. 

R1-1716330
Finalization of remaining aspects of LDPC segmentation
Intel Corporation

R1-1715734
Code Rate Threshold for BG2 Application
Ericsson

Conclusion:

· FFS until RAN1#90bis what is the highest code rate supportable by each BG with acceptable performance. 

R1-1715503
Code block segmentation for BG2
Huawei, HiSilicon

R1-1715736
Application of BG1 and BG2 for NR Data Channel
Ericsson

Working Assumption:

· Use base graph #1 for combinations of block lengths K>308 and code rates (as defined in previous email discussion) R>2/3.

· Base graph #2 may be used for block lengths K≤308 and code rates R>2/3, but the scheduler should take into account that no base graph is optimized for this region of K and R and therefore allow extra link adaptation margin.
To be confirmed at RAN1#90bis. 

R1-1715735
Code block segmentation for NR data channel
Ericsson

R1-1716558
Code segmentation for LDPC
Nokia, Nokia Shanghai Bell
R1-1715833
CB segmentation for data channel
CATT

R1-1716443
Considerations for BG2 segmentations
Qualcomm Incorporated

R1-1715895
Code block segmentation for eMBB data transmission
LG Electronics

R1-1716486
Code rate threshold for LDPC base graph selection 
InterDigital, Inc.

R1-1716025
Code rate definition for BG selection
Samsung

R1-1716226
On code block segmentation for BG#2
MediaTek Inc.

R1-1716026
Code rate threshold for BG selection
Samsung

6.4.2 Polar code
6.4.2.1 Downlink code construction 
CRC & Interleaver

R1-1716677
Check on Polar distributed CRC function
MediaTek Inc.

Revision of R1-1716220
R1-1716681
Performance evaluation for distributed CRC
Qualcomm Incorporated

Revision of R1-1706444

R1-1715494
Distributed CRC for Polar code construction
Huawei, HiSilicon

R1-1716771


R1-1716729
On DL polar code construction using distributed CRC and interleaver
NEC Corporation

Revision of R1-1715703
R1-1716669
Downlink polar code construction
Samsung

Revision of R1-1716027
R1-1716765
On interleaver pattern for downlink polar code construction 
InterDigital, Inc.

Revision of R1-1716487
R1-1716695
DL control code construction
Nokia, Nokia Shanghai Bell

Revision of R1-1716559
R1-1715737
Polar Code Construction for DL
Ericsson

R1-1716331
Details of DL Polar code construction
Intel Corporation

Section 2. 

Conclusions: 

· Several companies have shown that the working assumption proposal (7 distributed CRC bits) has at least one case where the FAR target is missed with DMRS overhead 1/3. 

· No missed FAR targets are observed with the working assumption with the agreed DMRS overhead ¼. 

· Other proposals: 

· HW R1-1715494 (8 distributed CRC bits)
· NEC R1-1716729 (3 distributed CRC bits)
· Nokia R1-1716695 (6 distributed CRC bits)
· Ericsson R1-1715737 (3 or 4 distributed CRC bits)
· Best FAR performance (based on evaluations available at this meeting) is from R1-1715494; this also has the largest number of distributed CRC bits (8). 

From the available evaluation results, the following schemes satisfy the FAR targets for all cases:
· Working assumption (modified as in 38.212v1.0.0) when DMRS overhead is ¼

· Modified proposal in R1-1715494
Agreement:

· Confirm working assumption on CRC and interleaver (as modified as in 38.212v1.0.0)

· Can be reviewed on Thursday if further evaluations available by 8:30am Nagoya time for DMRS overhead ¼ with the agreed simulation assumptions contradict those already provided.
· When the conclusions on DCI payload size for Rel-15 are agreed, the Kmax in 38.212 will be reduced from the current value of 200 (which is only a placeholder)
· the current working assumption for Kmax remains a working assumption (to be revisited when there is progress in offline discussion); the final value of Kmax will not be greater than the working assumption. 
Tsofun expressed concern about whether the interleaver based dCRC approach is a robust solution to satisfying the FAR target. 
Frozen bit values and scrambling

R1-1716534
Linear Codeword Scrambling for Early Termination on DCI Blind Detection
Coherent Logix

R1-1715498
UE-ID and value of frozen bits for Polar code
Huawei, HiSilicon

R1-1716331
Details of DL Polar code construction
Intel Corporation

Section 3.

R1-1716110
UEID scrambling design for Polar codes
NTT DOCOMO, INC.

R1-1716032
UE-specific scrambling for polar codes
Samsung

R1-1716850
WF on linear codeword scrambling for early termination on DCI blind detection
Coherent Logix Inc., AT&T, NTT DOCOMO, Tsofun, Huawei, Nokia, LG Electronics 
R1-1715896
Scrambling on information bits for distributed CRC
LG Electronics

Late submission
6.4.2.2 Uplink code construction 
R1-1715738
Summary of email discussion [90-29] K and nFAR for UL Polar Construction
Ericsson

Proposal: 

· For 1 <= K <=11,

· No CRC bits are attached.

· For K > 22 - nFAR1, where nFAR1 is associated with 12 <=K <= 22 - nFAR1,

· At least nFAR2=8 is adopted, with CRC polynomial length = 8+3=11.

· FFS in scheduling/HARQ session whether same nFAR value is applied to UCI on PUCCH and PUSCH

· FFS in scheduling/HARQ session whether the nFAR value should be dependent on the UCI contents and payload size

R1-1716028
Uplink polar code construction
Samsung

R1-1716560
UL control code construction
Nokia, Nokia Shanghai Bell

R1-1716770
Remaining aspects of UL Polar code construction
Intel Corporation

Revision of R1-1716332
R1-1715495
Uplink code construction
Huawei, HiSilicon

Agreement: 

· Confirm Working Assumption that CRC bits are attached as a block to the end of the information bits.  
· At least LCRC=11 is supported, with the following polynomial: D11+ D10+  D9+ D5+ 1
· Range of K values for CRC11 is FFS
· Which other CRC lengths and associated K values are also supported is FFS. 

Next steps:

· After nFAR values are decided, the complete set of supported CRC polynomials will be selected, preferably at RAN1#90bis. 

· FFS whether the nFAR value should be dependent on the UCI contents and payload size.

· FFS whether same nFAR value is applied to UCI on PUCCH and PUSCH.

· Only the CRC polynomials listed in the Table below are candidates : 

	Lcrc
	3
	4
	5
	6
	8
	16

	Poly-nomial
	D3+ D2+ 1

Or

D3+ D+ 1
	D4+ D3+ 1
	D5+ D3+ 1


	D6+ D5+ 1


	D8 + D6 + D5 + D3 + 1

Or

D8 + D7 + D6 + D4 + D2 + D + 1

Or

D8 + D7 + D3 + D2 + 1
	D16 + D15 + D14 + D13 + D12 + D11 + D8 + D7 + D6 + D4 + 1


R1-1716488
On CRC polynomial for uplink polar code construction 
InterDigital, Inc.

R1-1715739
Polar Code Construction for UL
Ericsson

R1-1716682
Consideration of the number of CRC bits for uplink
Qualcomm Incorporated

Revision of R1-1716445
R1-1715834
Polar codes construction for uplink
CATT

R1-1716111
CRC polynomial for UL Polar codes
NTT DOCOMO, INC.

R1-1715897
Discussion on UL code construction
LG Electronics

6.4.2.3 Remaining details of rate matching

R1-1716029
Rate matching for control channel
Samsung

R1-1716446
Details of Polar code rate-matching
Qualcomm Incorporated

R1-1715775
On the hardware implementation of frozen bit insertion and removal
AccelerComm Ltd

R1-1716651
Improved Rate Matching Method for Polar Codes
Ericsson

R1-1715665
Parameters of Polar code rate matching
ZTE, Sanechips

Trade off in increasing beta slightly: removal of significant spikes with L=1, vs. small degradation with L=8. 

Agreement: 

· Confirm working assumption on Polar rate matcher, with the following modification: 
[image: image1.emf]  is         if       and   


R1-1715496
Rate matching for Polar code
Huawei, HiSilicon

R1-1716678
Check on Polar rate-matching function
MediaTek Inc.

Revision of R1-1716221
R1-1716648
Polar code rate-matching evaluations
Intel Corporation

6.4.2.4 Remaining details of channel interleavers

Downlink
R1-1715497
Channel interleaver for DCI
Huawei, HiSilicon

R1-1715666
Performance evaluation of Polar code channel interleaver
ZTE, Sanechips

R1-1716447
Considerations for channel interleavers
Qualcomm Incorporated

R1-1716740
Downlink Channel Interleaver for Polar Codes
Ericsson

Revision of R1-1715740
R1-1716030
Necessity of channel interleaver for downlink
Samsung

R1-1715835
Interleaver design for NR polar codes
CATT

R1-1716489
Performance evaluation of channel interleaver 
InterDigital, Inc.

Sections 2.1, 2.2

R1-1716679
On channel bit interleaver design for NR DL control
MediaTek Inc.

Revision of R1-1716222
Working Assumption: 

· If a DL bit-level channel interleaver is adopted:

· Its span is equal to the number of coded bits corresponding to 1 CCE
· The span can be increased to the number of coded bits corresponding to 2 CCEs if there is a benefit of doing so
· FFS whether the interleaver is not used at higher ALs
· Companies are encouraged to assess by RAN1#90bis the implementation impacts of using or not using the interleaver at higher ALs

Conclusions and next steps to help towards a decision on the Working Assumption from RAN1#90:
· From the cases evaluated so far, gains of DL channel interleaver are not significant for AL >2
· Continue evaluations until RAN1#90bis, according to the above working assumption
· Focus on AL=1,2 cases, with and without REG bundle interleaver
· Include evaluations with up to 3 OFDM symbols for the control channel

· Companies are also encouraged to compare block parallel interleaver with low-complexity block interleavers, e.g. single block interleaver. 
Uplink
R1-1716031
Evaluation of channel interleavers for high-order modulation
Samsung

R1-1716786
Bit-interleaving for polar codes
Nokia, Nokia Shanghai Bell

Revision of R1-1716561
R1-1716489
Performance evaluation of channel interleaver 
InterDigital, Inc.

Section 2.3

Agreement: 

· Confirm Working Assumption that the uplink channel interleaver is a triangular interleaver

· The interleaver from R1-1713474 is adopted.  

R1-1715898
Performance evaluation of DL channel interleaver
LG Electronics

Late submission
6.4.2.5 Other

R1-1715667
Segmentation of Polar code for large UCI
ZTE, Sanechips

R1-1716338
Study of CSI coding methods using Polar code
Intel Corporation

Withdrawn
6.4.3 PBCH

R1-1715499
Polar code for PBCH and soft combining
Huawei, HiSilicon

R1-1715518
Scrambling sequence design for PBCH
Sequans Communications

R1-1715741
Polar Code Design for NR-PBCH
Ericsson

R1-1715836
Consideration on Polar codes for PBCH
CATT

R1-1715899
Coding aspects of PBCH transmission
LG Electronics

R1-1716033
PBCH polar code construction
Samsung

R1-1716680
NR PBCH coding design
MediaTek Inc.

Revision of R1-1716223
R1-1716448
PBCH design using Polar codes
Qualcomm Incorporated

6.4.4 Other
R1-1715457
Essential enhancement to rate matching of Reed Muller code
Sequans Communications

R1-1715500
Channel coding for URLLC
Huawei, HiSilicon

R1-1715507 
Channel Coding for URLLC
Tsofun Algorithm
