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8.1.4 Channel coding and modulation for new radio interface
8.1.4.1 Channel coding

Complexity comparisons

R1-166372
Channel coding evaluation of performance and implementation for EMBB
Qualcomm Incorporated

R1-166557
Comparison of channel coding schemes for NR
Intel Corporation

R1-166774
Discussion on complexity of NR candidate FECs
Samsung

R1-166932
Implementation Consideration of Channel Coding Candidates for NR
Ericsson

R1-166936
Survey of Channel Decoder Implementations
Ericsson

R1-167213
Computational and implementation complexity of channel coding schemes
Huawei, HiSilicon

R1-167272
Implementation aspects of eMBB coding schemes
Nokia, Alcatel-Lucent Shanghai Bell, Verizon Wireless, Xilinx

R1-167531
Area, Power and Latency Comparison for NR High Throughput Decoder
MediaTek Inc.

R1-167567
Complexity comparison of channel coding candidates
InterDigital Communications

R1-167713
Consideration points for implementation of flexible channel decoder
LG Electronics Inc.

R1-166412
Complexity, throughput and latency analysis on channel coding candidates for NR
ZTE

R1-166413
Consideration on channel coding for NR
ZTE

R1-168103
WF on implementation complexity for eMBB coding scheme 
Nokia, ASB, Samsung, Ericsson, LG
Performance comparisons

R1-167895
Performance evaluation on channel coding candidates for NR
ZTE
Revision of R1-166411
R1-166559
Performance of channel coding schemes for NR
Intel Corporation

R1-167006
Performance comparison of channel coding schemes in the eMBB scenario
Spreadtrum Communications

R1-167212
Performance of polar and LDPC codes for eMBB scenarios
Huawei, HiSilicon

R1-167239
Field test results of channel coding schemes
Huawei, HiSilicon

R1-167270
Performance of eMBB channel coding candidates
Nokia, Alcatel-Lucent Shanghai Bell

R1-167601
Some simulation results for different coding schemes
CATR

R1-167624
Channel Coding for NR
NTT DOCOMO, INC.

R1-166775
Discussion on throughput and latency of NR candidate FECs
Samsung

R1-166892
Comparison of throughput and complexity for Turbo and LDPC codes
LG Electronics

R1-167214
Channel coding schemes for URLLC scenario
Huawei, HiSilicon

R1-167215
Channel coding schemes for mMTC scenario
Huawei, HiSilicon

R1-167271
Performance of mMTC and URLLC channel coding candidates
Nokia, Alcatel-Lucent Shanghai Bell

R1-167565
Performance evaluation of channel coding for URLLC and mMTC 
InterDigital Communications

R1-167568
Channel coding simulation data sharing
InterDigital Communications
R1-168163
WF on further channel coding simulation data sharing
InterDigital, Qualcomm, Huawei, Ericsson, Samsung, MediaTek, LG, Nokia, ASB, ZTE, Intel, Sharp 
Conclusion: 

· Combined channel coding simulation data sharing is needed by filling in the base excel spreadsheets from participating companies

· Example base excel spreadsheets are attached 

· Participating companies may add their data upon the combined excel spreadsheet and update the file version

· Offline emails can be used to track the updates: Moderator: Chunxuan Ye, Interdigital
· Simulation curves may not be aligned given the same configuration, probably due to different codes or decoding algorithms

· May need to specify further details of different channel codes 

· Companies encouraged to further contribute, update and align their simulation results for RAN1 #86bis
R1-168285
WF on channel code evaluation for URLLC
Qualcomm
Other comparisons

R1-166933
Latency Consideration of Channel Coding Candidates
Ericsson

R1-166934
Flexibility Consideration of Channel Coding Candidates
Ericsson

R1-167276
Evaluation criteria for URLLC and mMTC coding schemes
Nokia, Alcatel-Lucent Shanghai Bell

R1-168169
WF on Flexibility of Channel Coding Techniques
Ericsson, Nokia, ASB, LG, Orange, IMT 

Also supported by NEC. 

Agreement:

· Channel coding techniques for NR, should support the following:
· Info block size K flexibility: 

· Granularity at lower end of range of K = [D1] bits

· D1 may be different for control and data channels

· FFS whether D1 may be different for different code rates

· FFS whether the granularity is coarser at higher values of K 

· Shortening (i.e. assigning info bits to known values, e.g. 0) may be used to provide info block size flexibility 
· Codeword size flexibility: 

· Basic code design with rate matching (i.e., puncturing and/or repetition) supports 1-bit granularity in codeword size
R1-167999
WF on Channel Coding Selection
Qualcomm Incorporated, Samsung, Nokia, ASB, ZTE, MediaTek, Intel, Sharp, MTI, Interdigital, Verizon Wireless, KT Corporation, KDDI, IITH, CEWiT, Reliance-jio, Tejas Networks, Beijing Xinwei Telecom Technology, Vivo, Potevio, WILUS, Sony, Xiaomi 

Also supported by Oppo.

Revision of R1-166376
Proposal:

· LDPC should be selected for eMBB data channel to provide performance and implementation advantages at high rate and large blocklength 

R1-168040
WF on channel coding selection
Huawei, HiSilicon, CMCC, CUCC, Deutsche Telekom, Orange, Telecom Italia, Vodafone, China Unicom, Spreadtrum 

Not supported by Orange. 

Proposal:

· Polar code is a candidate channel coding technique for NR for eMBB, URLLC, mMTC 

R1-168164
WF on turbo code selection
LG Electronics, Ericsson, CATT, NEC, Orange, IMT 

Proposal:

· LTE turbo code should be supported for NR for at least low throughput including eMBB, mMTC, and URLLC

· It can support flexibilities of information block sizes and code rates

· Turbo code enhancement can be considered

· FFS: high throughput 

Conclusion:

· The eMBB data channel coding scheme will be chosen at RAN1#86bis

· including agreeing on the observations that led to the decision. 

· Companies are encouraged to:

· continue analysis and comparison in order to inform the final decision at RAN1#86bis

· provide any remaining details, especially focusing on LDPC (in view of the situation in this meeting) 

· provide any remaining details of the flexibility requirements and how they can be satisfied, and corresponding implementation complexity and any impact on performance

· Note that consideration of combinations of coding schemes is not precluded. 
· In case of changes to proposals already available, companies are encouraged to provide them at least 1 week before the normal submission deadline for RAN1#86bis. 
R1-168171
WF on HARQ for NR
Ericsson, Nokia, ASB, LG, CATT, ZTE, Qualcomm, MediaTek, InterDigital, Intel, Orange, IMT 

Agreement:

· Channel coding technique(s) designed for data channels of NR support both Incremental Redundancy (IR) (or similar) and Chase Combining (CC) HARQ

LDPC details

R1-166369
LDPC HARQ
Qualcomm Incorporated

R1-166370
LDPC rate compatible design
Qualcomm Incorporated

R1-166388
LDPC rate compatible design
Qualcomm Incorporated

R1-166414
Discussion on LDPC codes for NR
ZTE

R1-166475
Evaluation of binary LDPC codes for NR
CATT

R1-166476
Evaluation of non-binary LDPC codes for NR
CATT

R1-166558
Channel coding scheme for eMBB
Intel Corporation

R1-166768
Summary of channel coding for NR
Samsung

R1-166769
Discussion on length compatible Quasi-Cyclic LDPC codes
Samsung

R1-166770
Discussion on rate compatible Quasi-Cyclic LDPC codes
Samsung

R1-166771
Preliminary evaluation results on Quasi-Cyclic LDPC codes
Samsung

R1-166890
LDPC code design
LG Electronics

R1-166891
Performance evaluation of LDPC codes
LG Electronics

R1-166929
LDPC Code Design for NR
Ericsson

R1-166931
Impact of Shortening and Puncturing to LDPC Performance
Ericsson

R1-167211
LDPC codes for eMBB
Huawei, HiSilicon

R1-167273
LDPC design for eMBB
Nokia, Alcatel-Lucent Shanghai Bell

R1-167274
IR HARQ schemes for LDPC
Nokia, Alcatel-Lucent Shanghai Bell

R1-167532
Discussion on LDPC Coding Scheme of Code Structure, Granularity and HARQ-IR
MediaTek Inc.

R1-167659
Double QC-LDPC codes with degree-3 for NR
National Taiwan University
R1-168041
WF on performance verification
Huawei
Polar coding details
R1-166371
Polar HARQ
Qualcomm Incorporated

R1-166415
Discussion on polar codes for NR
ZTE

R1-166772
Performance analysis on Polar codes
Samsung

R1-166773
Discussion on flexible Polar codes
Samsung

R1-166893
Discussion on polar code design
LG Electronics

R1-166894
Polar code performance evaluation
LG Electronics

R1-167209
Polar code design and rate matching
Huawei, HiSilicon

R1-167210
HARQ scheme for polar codes
Huawei, HiSilicon

R1-167240
On polar decoders
Huawei, HiSilicon

R1-167275
Design and Performance of polar codes for eMBB
Nokia, Alcatel-Lucent Shanghai Bell

R1-167566
Performance evaluation of puncturing schemes for Polar Codes 
InterDigital Communications

Turbo coding details

R1-166473
Low complexity decoding algorithm for Turbo codes
CATT

R1-166474
Evaluation of dual-binary Turbo code for NR
CATT

R1-166897
Turbo code enhancement and performance evaluation
LG Electronics

R1-166930
Turbo Code for NR Scenarios
Ericsson

R1-167413
Enhanced Turbo Codes for NR: Implementation Details
ORANGE

R1-167414
Enhanced Turbo Codes for NR: Performance Evaluation
ORANGE
Coding for small blocks 

R1-167277
Evaluation criteria for control channel coding
Nokia, Alcatel-Lucent Shanghai Bell

R1-166373
Short blocklength design
Qualcomm Incorporated

R1-166477
Evaluation of TBCC codes for NR
CATT

R1-166895
TBCC design
LG Electronics

R1-166896
TBCC performance evalution
LG Electronics

R1-166926
Further Discussion on Performance and Complexity of Enhanced TBCC
Ericsson

R1-167992
Evaluation of Enhanced TBCC and Polar Codes
Ericsson
Revision of R1-166927
R1-166935
Channel Coding Techniques for Control Information in NR
Ericsson

R1-167216
Channel coding for control channels
Huawei, HiSilicon

R1-167703
Channel coding scheme for URLLC, MMTC and control channels
Intel Corporation

R1-167533
Examination of NR Coding Candidates for Low-Rate Applications
MediaTek Inc.
R1-168170
WF on coding technique for control channel of eMBB
Ericsson, Nokia, ASB, LG, NEC, Orange, IMT 

Proposal:

· At least for control channel of eMBB UL and DL, tail-biting convolutional code (TBCC) is adopted as channel coding technique for NR

· FFS: enhancements to LTE TBCC
· FFS: if other coding techniques should also be included for control channel with info block size outside of 10-100 bits
R1-168024
WF on code selection for control channel
Huawei, HiSilicon, CMCC, CUCC, Deutsche Telekom,  Vodafone, MTK, Interdigital, Spreadtrum 

Revision of R1-168042
Proposal:

· Polar code is considered as channel coding technique for NR for control channel UL and DL

· Even a low complexity small list size polar decoder is shown to have a performance advantage over TBCC

· Further comparison of Polar and TBCC is encouraged

R1-168298
WF on control channel coding
Nokia, ASB, LG, CATT, MediaTek
Revision of R1-168102
Agreement:

· Simulation Assumptions for eMBB control channel coding 

· Evaluate the block error rate (BLER) performance versus SNR 

· Evaluate the false alarm rate versus SNR
	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	Repetition
	Simplex
	TBCC
	Turbo
	LDPC
	Reed-Muller
	Polar 

	Code rate (for evaluation purposes)
	1/24*, 1/12, 1/6, 1/3, 1/2, 2/3 

	Decoding algorithm** 
	ML
	ML
	List-Viterbi
	Scaled max log MAP
	Adjusted

min-sum 
	FHT
	SC list 

	Info. block length (bits w/o CRC) (for evaluation purposes)  *** 
	1, 2, 4, 8, 16, 32, 48, 64, 80, 120, 200


* Code rate 1/24 is valid for info block length of 1-2 bits

** Other variants of agreed algorithms can be used for encoding and decoding (Complexity details should be illustrated) 

*** Each of these info. block lengths shall be evaluated at at least one of the code rates. Other info. block lengths and code rates are not precluded. Similar info. and encoded block lengths should be used for the evaluation. Total coded bits = info. Block length/code rate. Note: these info. block length and code rate are only for initial performance evaluations. They are not interpreted as design targets or assumptions for complexity analysis. 

· Companies are encouraged to provide information on complexity of their decoders, and on decoding latency. 
Outer coding

R1-166374
Erasure coding and HARQ design
Qualcomm Incorporated

R1-166375
Erasure coding evaluation methodology
Qualcomm Incorporated

R1-166416
Discussion on outer codes for NR
ZTE

R1-166898
Discussion on outer coding on eMBB data
LG Electronics
R1-167913
Channel coding schemes for eMBB and URLLC Coexistence
SHARP Corporation, MTI
Revision of R1-167617
R1-168120
WF on URLLC impact handling
ZTE, ZTE Microelectronics, Qualcomm, Sharp, MTI, InterDigital, Sony, Verizon Wireless, CATR, MediaTek 

Conclusion:

Await outcome of eMBB/URLLC multiplexing discussions. 
Other

R1-166928
HARQ Schemes for NR
Ericsson

R1-167544
Data sharing on NR Channel Coding Simulation Result
MediaTek Inc.

8.1.4.2 Modulation
R1-166099
Advanced modulation for NR
Huawei, HiSilicon

R1-166377
NR modulation requirements
Qualcomm Incorporated

R1-166378
Evaluation assumptions for NR modulation schemes
Qualcomm Incorporated

R1-166560
Power efficient modulation and waveform processing
Intel Corporation

R1-166649
Performance of NU-QAM with Turbo codes for the NR
Sony

R1-166776
Discussion on modulation for NR
Samsung

R1-166777
Modulation scheme for MIMO
Samsung

R1-166899
Discussion on modulation schemes and maximum supported modulation order in NR
LG Electronics

R1-167054
On modulation schemes for NR
Ericsson

R1-167278
Digital Modulation for 5G New Radio
Nokia, Alcatel-Lucent Shanghai Bell

R1-167569
Performance evaluation of Spatial Modulation for New Radio 
InterDigital Communications

R1-167570
Performance evaluation of Dual Carrier Modulation for New Radio 
InterDigital Communications

R1-167578
On Fractional N-ary Modulation for NR 
InterDigital Communications









