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7.1.5 Channel coding and modulation for new radio interface
7.1.5.1 Channel coding
R1-164245
Discussion on link-level evaluation assumptions for channel coding
CATT
Comparisons
General

R1-165641
Comparison of coding schemes for NR
Intel Corporation
Revision of R1-164182
R1-164277
Evaluation on performance and complexity of channel coding for NR
ZTE

R1-164704
Channel coding evaluation assumptions -  performance and complexity
Qualcomm Incorporated
R1-164564
Performance and complexity comparison of existing Turbo and LDPC codes
LG Electronics

eMBB

R1-164812
Preliminary evaluation results on new channel coding scheme for NR - LDPC code for high throughput
Samsung

R1-164360
Analysis of Candidate Code Types for Long Block Length
Ericsson
R1-164377
Performance of channel coding schemes for eMBB scenario
Huawei, HiSilicon

R1-165060
Performance Evaluation of Channel Coding for eMBB 
INTERDIGITAL COMMUNICATIONS

R1-165357
Performance of eMBB channel coding candidates
Nokia, Alcatel-Lucent Shanghai Bell

R1-165360
Selection of the eMBB channel coding scheme
Nokia, Alcatel-Lucent Shanghai Bell

R1-165657
WF on channel coding for eMBB
Nokia, ASB
Proposal:
· Conclusion: 
· At least LDPC and Polar can support the high code rate and high throughput scenarios 
· Further study: 
· Study further whether modified Turbo or Polar codes can satisfy the high code rate and high throughput scenarios; working assumption may be revisited if so
· Implementation details should be provided for the decoding algorithms used in the simulation results for other eMBB coding candidates, i.e. Turbo and Polar 
· E.g. : Survey on the existing implementation efforts
R1-165637
Way Forward on Channel Coding Scheme for New Radio
Samsung, Nokia, Qualcomm, Intel, ZTE
Also supported by Sharp
Proposed conclusions:

· All candidate channel coding schemes for eMBB application show comparable link performance in most cases 
· Observations on LTE turbo code for high code rates 

· LTE turbo code requires higher decoder computational complexity compared to LDPC code 

· LDPC code is superior to LTE turbo code in terms of latency and high data throughput
· 
· 
Observations:
· At least in AWGN channels:

· For large information block sizes, all candidate channel coding schemes show comparable link performance 
· Further study is required on all potential coding schemes in order to determine which coding scheme(s) should be supported, including: 
· Implementation details should be provided for the decoding algorithms used in the simulation results, e.g. survey on the existing implementation efforts

FFS:

· At least in AWGN channels:

·  [For small information block sizes, performance of Polar codes is comparable to or better than other candidate schemes depending on the Polar decoding technique and code rate]

· [At least LDPC can support the high code rate and high throughput scenarios] 

· [At least Polar codes can support the high code rate and high throughput scenarios]
· Compared to LTE turbo code:

· [At high code rates and high throughputs, LTE turbo code requires higher decoder computational complexity compared to LDPC code ]
·  [Considering all code rates and all information block sizes and HARQ requirements, LTE turbo code has comparable decoder computational complexity compared to LDPC code]
· [Flexibility requirements and feasibility]

R1-165598
WF on small block length
Huawei, HiSilicon, Interdigital, Mediatek, Qualcomm 
Proposal:

· Observation - From the evaluation results 

· TBCC and polar codes show best performance for (K=20,40)

· For K larger than 100 and lower than 1000, polar outperforms TBCC for all choices of code rate and list-size 

· Proposal

· At least for mMTC and URLLC, For small information block lengths , at least Polar codes and TBCC Codes are considered as candidate schemes. 
· FFS what is meant by “small”
· Further evaluation of performance and complexity/latency needs to be done

R1-165726
Code type for small info block length in NR
Ericsson, Nokia, ASB
Proposal:
· Observation 
· For short info block lengths and low code rate, TBCC and Turbo code perform well compared to LDPC and Polar codes
· Proposal
· Baseline channel code type for short info block lengths (including at least: DL control channel and mMTC DL) in NR is tail-biting convolutional code (TBCC)
· Can be revisited if problems are identified
R1-165741
WF on further study of complexity of channel code
LG, Ericsson, Orange
Agreement: 
As one potential input to the decisions on channel coding: 

· Companies are encouraged to bring evaluations of the complexity of channel coding / HARQ schemes including at least:
· Energy efficiency (J/bit)

· Area efficiency (Gbps/mm2)

· FEC complexity supporting the full range of info block lengths and code rates with reasonable (details FFS) granularity should be compared instead of single info block length with some code rate
· Companies should provide details of the range of info block lengths and code rates for which their complexity evaluations are conducted
R1-165959
WF on channel coding simulation data sharing
Qualcomm
Agreement: 
· Include file format of results with contribution

· Use excel file template provided in ExampleResults.xlsx 

· Multiple columns for 

· QAM, Rate, Info. Blocklength, Es/N0, Eb/N0, BLER 

· Separate tab to provide context 

· Contribution#, name of code, decoder implementation, #iterations or list size, brief details of code construction, brief details of rate matching algorithm, #CRC bits, and other parameters
· The referenced accompanying contribution should provide enough details to enable other companies to repeat the simulations
· Companies encouraged to submit with their contribution for RAN1 #86
mMTC, URLLC

R1-164357
Analysis of Candidate Code Types for Short Block Length
Ericsson

R1-164356
Performance Evaluation of TBCC and Polar Codes
Ericsson

R1-164378
Performance of channel coding schemes for mMTC and URLLC scenarios
Huawei, HiSilicon

R1-165059
Performance Evaluation of Channel Coding for URLLC and mMTC 
INTERDIGITAL COMMUNICATIONS
R1-165358
Performance of mMTC and URLLC channel coding candidates
Nokia, Alcatel-Lucent Shanghai Bell

R1-165359
Latency considerations for URLLC channel coding candidates
Nokia, Alcatel-Lucent Shanghai Bell

R1-164008
Preliminary evaluation results on new channel coding scheme for NR
Samsung

R1-164009
Discussion on throughput, latency for new channel coding scheme for NR
Samsung
R1-164040
On latency and complexity
Huawei, HiSilicon

R1-164186
Performance evaluation of coding schemes for NR
Intel Corporation

R1-164279
Throughput and latency analysis on new channel coding candidates for NR
ZTE

R1-164358
Performance Evaluation of Turbo Codes and LDPC Codes at Lower Code Rates
Ericsson

R1-164359
Performance Evaluation of Turbo Codes and LDPC Codes at Higher Code Rates
Ericsson

R1-164563
Discussion on channel coding scheme considering NR KPIs
LG Electronics

R1-164592
Simulation results of Turbo and Polar codes
Spreadtrum Communications

R1-165036
Impact of Number of Iterations in Decoding Turbo and LDPC codes
Ericsson Inc.

R1-165284
Channel Coding for NR
NTT DOCOMO, INC.
LDPC Details and Performance
R1-164697
LDPC design overview
Qualcomm Incorporated
R1-165409
Consideration on LDPC codes for NR
ZTE
Revision of R1-164278
R1-164007
Flexibility of LDPC - Length, Rate and IR-HARQ
Samsung
R1-164183
LDPC code design for NR
Intel Corporation

R1-164250
Performance evaluation of non-binary LDPC codes
CATT

R1-164253
Performance evaluation of binary LDPC codes
CATT

R1-164698
LDPC - Performance evaluation
Qualcomm Incorporated

R1-164813
Design of LDPC code for high throughput
Samsung

R1-165164
Discussion on LDPC Code Design and Performance Evaluation
MediaTek Inc.

R1-165399
Consideration on LDPC HARQ Combining and Coding
MediaTek

R1-165643
WF on LDPC schemes for NR
ZTE, ZTE Microelectronics, Nokia, Qualcomm, InterDigital, MediaTek, Intel, Samsung  

Also supported by Sharp
Agreement:
· For the purpose of study and comparisons, quasi-cyclic like LDPC codes  are defined as follows: 

· The Parity check matrix of Quasi-cyclic like LDPC Codes is defined at least by a matrix H of size (mb×z)×(nb×z), which consists of sub-block matrices of size z×z,  where each sub-block matrix is composed by circularly shifted matrices or zero matrices. Wherein, mb, nb and z are integers larger than 1.

· The values of mb, nb and z  are FFS. 
· Companies providing evaluations or proposals for LDPC codes are encouraged to show how:

· Multiple code rates and multiple code sizes would be supported, 
· Suitable granularity of  information block size and code rate would be supported,
· How to support HARQ with/without IR.

Polar Coding Details and Performance
R1-164039
Polar codes - encoding and decoding
Huawei, HiSilicon

R1-164184
Polar code design for NR
Intel Corporation
Note that the curves for L=8 and L=32 are indicated the wrong way round in Fig 2
R1-164185
Polar code constructions for evaluations
Intel Corporation

R1-164375
Evaluation of polar codes for eMBB scenario
Huawei, HiSilicon

R1-164565
Discussions on polar code design
LG Electronics

R1-164699
Polar code design overview
Qualcomm Incorporated

R1-164700
Polar - Performance evaluation
Qualcomm Incorporated

R1-165165
Discussion on Polar Code Design and Performance
MediaTek Inc.
Turbo coding Details and Performance

R1-164251
Performance evaluation of binary turbo codes with low complexity decoding algorithm
CATT

R1-164635
Improved LTE turbo codes for NR
ORANGE
R1-164361
Turbo Code Enhancements
Ericsson
R1-164252
Performance evaluation of non-binary turbo codes
CATT
R1-165792
WF on turbo coding
LG, Ericsson, CATT, Orange
Proposed observation:
· Turbo codes in general show potential for full flexibility of all code rates and all information block sizes, e.g. from 40 bits to 8192 bits

Outer coding
R1-164280
Consideration on outer code for NR
ZTE

R1-164667
Outer erasure code for efficient multiplexing
INTERDIGITAL COMMUNICATIONS

R1-164703
Outer erasure code use cases and evaluation assumptions
Qualcomm Incorporated

R1-165954
WF on Outer Coding
ZTE

Revisit at RAN1#86. 
TBCC

R1-164701
TBCC design overview
Qualcomm Incorporated

R1-164702
TBCC-Performance evaluation
Qualcomm Incorporated

7.1.5.2 Modulation
R1-164653
Considerations for non-uniform constellations for NR
Sony

R1-164187
Modulation schemes for New RAT
Intel Corporation

R1-164626
On modulation schemes for NR
Ericsson

R1-164705
NR modulation requirements
Qualcomm Incorporated

R1-165061
Evaluation of Spatial Modulation for New Radio 
INTERDIGITAL COMMUNICATIONS

R1-164706
Evaluation assumptions for NR modulation schemes
Qualcomm Incorporated

R1-165361
Digital Modulation for 5G New Radio
Nokia, Alcatel-Lucent Shanghai Bell 
R1-164566
Maximum Supported Modulation Order for above 6GHz
LG Electronics

R1-165718
WF on baseline modulation schemes for NR study
LG, Intel, Nokia, ASB

R1-165919
WF on modulation for NR
InterDigital










