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8.1.3 Channel coding and modulation for new radio interface
8.1.3.1 Channel coding
Includes choosing at least eMBB data channel coding scheme(s) and summarize observations that lead to the selection
Comparisons
R1-1610423
Summary of Channel Coding Simulation Data Sharing
InterDigital Communications
Revision of R1-1609895
Companies are invited to check the results and provide any updates if available. 
Further updated in R1-1610600.

R1-1610541
Performance Evaluation for NR Channel Coding
Huawei, HiSilicon
Revision of R1-1608864
R1-1608867
Considerations on performance and spectrum efficiency
Huawei, HiSilicon

R1-1608922
Performance analysis of channel coding schemes for NR
Spreadtrum Communications

R1-1609439
Further results on channel coding schemes for NR
Huawei, HiSilicon

R1-1609583
Update on eMBB coding performance
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609578
Some simulation results for eMBB
CATR

R1-1610059
Evaluation of LDPC codes for eMBB
NTT DOCOMO, INC.

R1-1610138
Performance of EMBB channel codes with fading
Qualcomm Incorporated

R1-1608770
Flexibility evaluation of channel coding schemes for NR
CATT
R1-1608584
Complementary turbo and LDPC codes for NR, motivated by a survey of over 100 ASICs
AccelerComm Ltd
R1-1608878
Updated Survey of Channel Coding Implementations
Ericsson

R1-1608879
Implementation Consideration of Channel Coding Options for NR
Ericsson
R1-1610419
UE considerations on coding combination for NR data channels
MediaTek Inc.
Revision of R1-1609336
R1-1610139
Efficient channel coding implementations for EMBB
Qualcomm Incorporated

R1-1608972
Consideration on channel coding candidates for NR eMBB
ZTE

R1-1609240
Comparison of complexity for turbo and LDPC codes
LG Electronics

R1-1609241
Consideration on implementation of flexible channel decoder
LG Electronics

R1-1609073
Discussion on latency of channel codes for NR
Samsung

R1-1609063
Summary of Channel Coding for NR
Samsung
R1-1609070
Analysis on Trade-off between Performance and Complexity
Samsung

R1-1609243
Channel coding selection of eMBB scenario
LG Electronics

R1-1609389
On the channel coding scheme for NR
NEC

R1-1609582
Selection of eMBB coding scheme
Nokia, Alcatel-Lucent Shanghai Bell, Verizon Wireless
R1-1610544
Observations on channel codes for NR eMBB data
AccelerComm, Ericsson, Orange, IMT, LG, NEC, Sony 

Proposed observations:

· LDPC codes are proven, mature and capable, at least when focusing on achieving high throughputs
· LDPC codes can deliver acceptable BLER, throughput, latency, area-efficiency and energy-efficiency for NR, at least at medium to high coding rates
· Turbo codes are proven, mature and capable, at least when focusing on achieving flexibility and HARQ
· The LTE turbo code and enhanced LTE turbo codes can deliver acceptable BLER, flexibility, HARQ, latency, area-efficiency and energy-efficiency  for NR, at least at medium to low coding rates. 
· Polar codes are less mature, at least for larger list sizes.
· Polar....?

· Polar codes require list decoding to meet the BLER requirements of NR, which degrades the throughput, latency, area-efficiency and energy-efficiency of polar decoders. 
· Turbo codes will be a necessary part of NR devices supporting non-standalone operation and/or legacy LTE connectivity 
· In some circumstances LDPC codes are more favourable than turbo codes. In other circumstances, turbo codes are more favourable than LDPC codes.
· LDPC and turbo codes are complementary, since they have different advantages and disadvantages.
R1-1610667
Way Forward on Channel Coding Observations
Huawei, HiSilicon
Proposed observations:
Performance:

· Polar vs. LDPC

· For list 32 decoder for Polar, Polar has better BLER performance compared to LDPC for the evaluated info block lengths [Huawei R1-1608864, ZTE R1-166411, Spreadtrum R1-1608922]

· For list 8 decoder for Polar, Polar has better BLER performance compared to LDPC for the evaluated info block lengths/code rates except for high coding rates and large info block size [Huawei R1-1608864]

· For list 4 decoder for Polar, Polar has better BLER performance compared to LDPC for small info block [Nokia R1-1609583] 

· Polar vs. LTE Turbo

· For list 32 decoder for Polar, Polar has better BLER performance compared to Turbo for the evaluated info block lengths [Huawei R1-1608864, Huawei R1-164377, QC R1-164700, ZTE R1-166411, Spreadtrum R1-1608922, DCM R1-1610060, CATR R1-1609578]

· For list 8 decoder for Polar, Polar has better BLER performance compared to Turbo for the evaluated info block lengths and coding rates except rate 1/3 [Huawei R1-1608864, DCM R1-1610060]

· For list 4 decoder for Polar, Polar has better BLER performance compared to Turbo for small info block [Nokia R1-1609583]

· Polar vs. TBCC

· For list 32 decoder for Polar, Polar has better BLER performance compared to TBCC for info block lengths up to 200 bits [Huawei R1-1608863, ZTE R1-1608973, CATT R1-1608771, Intel R1-167703, CATR R1-1609579]

· For list 4 decoder for Polar, Polar has better BLER performance compared to TBCC for info block [Nokia R1-1609589, Nokia R1-1609594]

Flexibility:
· For Polar, 1-bit granularity can be achieved for all coding rates and for full range of block size

· [Huawei R1-167209],[Intel R1-164184]

· For LDPC, 1-bit granularity cannot be achieved with reasonable implementation complexity, due to multiple PCMs needed to support all coding rates with a complex switch network  

· [Samsung R1-166771],[Qualcomm R1-1610137],[Nokia R1-1609584],[Samsung R1-1609067]

· For Turbo, 1-bit granularity is feasible for all coding rates and for full range of block size 

Implementation complexity:

· For polar, list 8 decoder is deemed implementable for all info block size and list 32 is deemed implementable for small info block size

· [Huawei R1-1608865] [MediaTek R1-1609336]

· For LDPC, LOMS/LNMS decoder with iterations up to 25 is deemed implementable for info block granularity coarser than LTE

· [Qualcomm R1-1610139],[MediaTek R1-1609337],[Nokia R1-1609584],[Samsung R1-1609067]

· For Turbo, decoder complexity is impractical for large info block size

Latency:

· For Polar

· with list 8 decoder, a decoding latency of 16us can be met for all info block length 

· [Huawei R1-1608865] 

· with list 32 decoder, a decoding latency of 1.7us can be met for small info block length (80bit)  

· [Huawei R1-1608865]

· For LDPC, a latency of 16us can be met for all info block length

· [Qualcomm R1-166372] 

· For Turbo, a latency of 16us can be met for small info block length 

R1-1610690
Way forward on observations for eMBB data channel coding
Samsung, Qualcomm Incorporated, Nokia, ASB, KT Corporation, Intel Corporation
Proposed observations:
Summary:

· LDPC codes can efficiently support the whole range of eMBB data channel rates, block lengths, and IR HARQ with fine granularity

· LDPC codes can provide better area and energy efficiency than other coding schemes, especially for high throughput 

· LDPC codes are amenable to parallelization and can provide better decoding latency

Rate flexibility:

· LDPC code can support multiple codes rates, and HARQ, including IR-HARQ by extension of parity check matrix 
· Multiple LDPC code families can be compactly and efficiently described 

· Decoder does not need to carry complexity of mother code on early transmissions, and performance is comparable to Turbo codes

Length flexibility:
· Shortening together with lifting and rate-matching allows LDPC code support information block size and codeword length flexibility  with 1-bit granularity

· The additional HW complexity for supporting a flexible LDPC code with arbitrary sub-block size is not a problem, as compared with that of inflexible LDPC codes. 

Implementation:

· LDPC implementation complexity can be better than other codes when LDPC can support flexibility

· The energy and area efficiencies of a flexible LDPC decoder is better than those of LTE turbo codes. 

· Implementation complexity point of view, LDPC is better than other coding schemes especially for high throughput

Performance:

· LDPC codes can support stable performance for various MCS with fine granularity, comparable or better to other codes with similar decoding complexity

Observations:

· Performance

· The performance of LDPC, Polar and Turbo codes is captured in R1-1610600 (update of R1-1610423).
· It has not yet been possible to draw conclusions directly from these captured results, owing to different views on the implementation complexities and possible enhancements which are discussed in more detail below. 

· Flexibility for code rate and code block size support
· LDPC, Polar and Turbo codes can all deliver acceptable flexibility. 
· Chase- and IR-HARQ support

· The proponents of LDPC and Polar have shown schemes for support of both CC- and IR-HARQ in their respective codes

· Some companies have concerns on the incremental freezing method of HARQ support for Polar codes
· One company has concerns on the complexity of IR-HARQ for LDPC codes
· The ability of Turbo codes to support both CC- and IR-HARQ is well known 
· Implementation complexity

· LDPC:

· LDPC codes are widely implemented in commercial hardware supporting several Gbps throughput and attractive area and energy efficiency with some flexibility, but with flexibility and features that are more limited than required for NR; in relation to NR, there are concerns summarised below.
· The area efficiency reduces for lower coding rates

· The complexity of LDPC increases with increasing flexibility

· Proponents consider LDPC codes with limited flexibility to provide the most attractive area and energy efficiency, and that the characteristics of LDPC codes in area and energy efficiency remain advantageous even when supporting full flexibility, while some other companies consider the applicable flexibility to be limited, for example because a flexible switched network (if used) has an impact on increasing the power, area and latency
· LDPC codes are amenable to parallelisation which can provide better decoding latency

· Depending on the parity check matrix design, some of this parallelism may not be exploited for all code block lengths for NR, and some companies have a concern with this and its impact on energy and area efficiency
· Some variants of min-sum based iterative decoders are considered implementable, and allow a trade-off between complexity and performance 
· Two proponents consider quasi-ML decoders (e.g. list 32, ordered stochastic decoding) implementable for codeword sizes up to 1k
· BP and sum-product decoders are not considered implementable for NR by some companies
· For LDPC there are concerns that implementation with attractive area and energy efficiency may be challenging when simultaneously targeting the peak throughput and flexibility requirements of NR
· Polar:

· Polar codes are implementable, although there are currently no commercial implementations, and in relation to NR, there are some concerns as summarised below.
· The area efficiency reduces for shorter block lengths and lower coding rates

· For list decoders, the implementation complexity increases with increasing list size, especially with larger block sizes
· Some companies consider that a List 32 decoder is implementable up to a codeword size N of at least 1k (with larger codeword sizes requiring a segmented design), although some other companies have concerns on the achievable performance (including area efficiency, hardware throughput)
· Some companies consider that a List 8 decoder is implementable for codeword sizes N up to 4k (with larger codeword sizes requiring a segmented design)
· List 4 decoder is considered implementable for codeword sizes N up to at least 2k, with some companies considering it implementable up to 8k (with larger codeword sizes requiring a segmented design)
· List 1 is considered implementable
· For decoding hardware that can achieve acceptable latency, performance and flexibility, there are some concerns about the area efficiency and energy efficiency that are achievable with polar codes 

· Turbo:
· Turbo codes are widely implemented in commercial hardware, supporting HARQ and flexibility similar to what is required for NR, but not at the high data rates or low latencies required for NR; in relation to NR, there are concerns summarised below.
· Proponents consider some implementations of turbo codes to meet the flexibility requirements of NR with the most attractive area and energy efficiency except at higher throughputs, and particularly at lower code rates and lower block lengths
· Other companies consider that the latency and area and energy efficiency are not adequate for NR, and that the area and energy efficiency reduces at lower block lengths
· Only two of the proponents of turbo codes propose turbo codes for the higher throughputs for NR

· In some implementations suitable for lower throughputs, the area and energy efficiency is constant when varying the puncturing and repetition rate.

· Otherwise, this is not the case, e.g. in some implementations designed for higher data rates
· The decoding complexity increases linearly with the information block size for a given mother code rate

· The decoding complexity increases as the contraint length increases, and to a lesser extent as the mother code rate reduces
· For turbo codes, there are concerns that implementation with attractive area and energy efficiency is challenging when targeting the higher throughput requirements of NR

· Some advanced turbo decoders are considered implementable, and allow a tradeoff between complexity and performance.

· Some companies consider quasi-ML decoders are implementable for shorter information block lengths and codeword sizes up to 1k
· The proponents consider that a turbo decoder could be designed that would be capable of decoding both LTE and at least small information block sizes (K<=6144) of NR 
· Other companies consider that such reuse would be subject to multiple concerns or would not be possible

· Latency

· The proponents of all three coding families consider that their respective codes can fulfil the NR latency requirements
· Latency-wise, highly-parallelised decoders, as applicable for LDPC, and turbo according to some proponents, can help to reduce latency
· Although polar codes are not highly parallelisable, proponents consider that there are other design techniques that can help to reduce latency for polar decoders
· Some companies consider that polar codes may be able to achieve lower latency for decoding of small (around 1000 bits) blocks if capability of decoding large blocks is not considered; however, some other companies consider that polar decoders incurs longer latency than turbo decoders
· Other considerations
· Turbo and LDPC are similarly well established, while Polar is less well established, being the newest among the three. All of the code families require effort at least in specification design, in order to meet the NR requirements. Some companies consider that less well established technologies require more effort. 
R1-1610981
WF on observations of eMBB data channel coding for short block length 
IDC
R1-1610993
WF on observations of eMBB data channel coding for large block length 
IDC
R1-1610931
WF on channel coding observations for short block size
IMT, Orange, AccelerComm, Ericsson, LG, NEC 

R1-1610604
WF on channel codes for NR eMBB data
AccelerComm, Ericsson, Orange, IMT, LG, NEC, Sony 

Revision of R1-1610545
Proposal:
· Adopt LDPC code and turbo code, to mitigate the concerns associated with the implementation of flexible LDPC

R1-1610767
Way forward on eMBB data channel coding
Samsung, Qualcomm Incorporated, Nokia, Alcatel-Lucent Shanghai Bell, Verizon Wireless, KT Corporation, KDDI, ETRI, IITH, IITM, CEWiT, Reliance Jio, Tejas Network, Xilinx, Sony, SK Telecom, Intel Corporation, Sharp, MTI, National Instrument, Motorola Mobility, Lenovo, Cohere Technologies, Acorn Technologies, CableLabs, WILUS Inc, NextNav, ASUSTEK, ITL 

Revision of R1-1610689
Also acceptable to Ericsson

Proposal:
· Adopt LDPC code for eMBB data channel as single coding scheme

R1-1610850
WF on channel codes
Huawei, HiSilicon, Acer, Bell, CATR, China Unicom, China Telecom, CHTTL, Coolpad, Deutsche Telekom, Etisalat, InterDigital, III, ITRI, MediaTek, Nubia Technology, Nuel, OPPO, Potevio, Spreadtrum, TD Tech, Telus, Vivo, Xiaomi, Xinwei, ZTE, ZTE Microelectronics 

Revision of R1-1610668
Also acceptable to CATT
Proposal:
· Polar code is supported as a channel coding scheme for NR eMBB data channel

R1-1610607
Way Forward on Channel Coding
ZTE, ZTE Microelectronics, Acer, Bell, CATR, China Unicom, China Telecom, CHTTL, Coolpad, Deutsche Telekom, Etisalat, Huawei, HiSilicon, InterDigital, III, ITRI, MediaTek, Nubia Technology, Neul, OPPO, Potevio, Shanghai Tejet, Spreadtrum, TD Tech, Telus, Vivo, Xiaomi, Xinwei, IITH, IITM, CEWiT, Reliance Jio, Tejas Network 

Question: How many channel coding schemes should be specified for the NR eMBB data channel:

· 1: 
· LDPC: Ericsson, Sony, Sharp, Nokia, ASB, Samsung, Intel, QC, VzW, KT, IITH, IITM, Fujitsu, MotM, Lenovo, KDDI
· Polar: HW

· >1: 
· T+L Accelercomm, IMT, LG, NEC, Fujitsu, Orange
· L+P ZTE, Etisalat, Mediatek, Nubia, Xiaomi, Coolpad, Neul, HW devices, OPPO, CATR, TDTech, Spreadtrum, Potevio, ITRI, IDC, DT, NTU  
Note that the above questions give an approximate picture, though not necessarily complete. 
Possible Agreements:
Alt 1:
· The channel coding scheme for eMBB data is LDPC
No: HW, IDC, HiSi, DT, NEC, CMCC, LG, Spreadtrum, Neul, CATR, Xinwei, TDTech, OPPO, Coolpad, Xiaomi, HW Devices, ITRI, Mediatek, Accelercom, Nubia, IMT, Orange, ZTE, ZTE Microelectronics
Alt 2:

· The channel coding scheme for eMBB data is LDPC, at least for blocks larger than X

· Polar coding is supported for eMBB data for blocks smaller than X 

No: Sams, NEC, Intel, QC, LG, Nokia, ASB, MotM, Lenovo, KT, Ericsson, CableLabs, ITL, Sequans, Acorn, Asustek, Mitsubishi, KDDI, Wilus, Accelercom, IMT, Orange, Sony, Sharp, Fujitsu, VzW, Docomo
Alt 3:

· The channel coding scheme for eMBB data is LDPC, at least for blocks larger than X

· Turbo coding is supported for eMBB data for blocks smaller than X

No: HW, IDC, HiSi, Sams, Nok, ASB, KT, QC, Asustek, Spreadtrum, Mitusbishi, CATR, Xinwei, TDTech, OPPO, Intel, Coolpad, Neul, Wilus, Xiaomi, ITRI, Mediatek, Nubia, ZTE, ZTE Microelectronics, HW Devices, CableLabs, ITL, DT, VzW, KDDI, Acorn, Docomo
Agreement:
· The channel coding scheme for eMBB data is LDPC, at least for information block size > X

· FFS until RAN1#87 one of Polar, LDPC, Turbo is supported for information block size of eMBB data <= X

· The selection will focus on all categories of observation, including overall implementation complexity, regardless of the number of coding schemes in the resulting solution (except if other factors are generally roughly equal)
· The value of X is FFS until RAN1#87, 128 <= X <= 1024 bits, taking complexity into account
· The channel coding scheme(s) for URLLC, mMTC and control channels are FFS

Huawei has a concern on the upper value of the range of X to be considered. 
LDPC details
R1-1610137
LDPC rate compatible design overview
Qualcomm Incorporated

R1-1608875
LDPC Code Design for NR
Ericsson

R1-1608866
Evaluation of LDPC performance
Huawei, HiSilicon
R1-1609064
IR-HARQ Performance of Rate-Compatible Quasi-Cyclic LDPC Codes
Samsung

R1-1609588
False alarm rate of LDPC decoding and CRC requirement
Nokia, Alcatel-Lucent Shanghai Bell

R1-1608772
LDPC codes design for eMBB
CATT

R1-1608876
LDPC Code Performance with Rate Matching
Ericsson

R1-1608877
On Achieving Low Code Rate with LDPC Codes
Ericsson

R1-1608921
Code segmentation and CRC issues for LDPC codes
Spreadtrum Communications

R1-1608971
Consideration on the flexibility of LDPC codes for NR
ZTE

R1-1608974
Consideration on LDPC design for NR
ZTE

R1-1609065
Length-Compatible Quasi-Cyclic LDPC Codes
Samsung

R1-1609066
Decoder Architecture for Length-Compatible Quasi-Cyclic LDPC Codes
Samsung

R1-1609067
Evaluation of HW Complexity for Flexible Quasi-Cyclic LDPC Codes
Samsung

R1-1609071
Cross check results of LDPC code proposal
Samsung

R1-1609239
HARQ of LDPC code for NR
LG Electronics

R1-1609242
Length flexibility of QC-LDPC
LG Electronics

R1-1609337
Implementation considerations on flexible and efficient LDPC decoders
MediaTek Inc.

R1-1609511
Discussion on Data channel coding for NR
Intel Corporation

R1-1609584
LDPC link design for eMBB
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609585
IR HARQ schemes for LDPC
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609708
Discussion of QC-LDPC code design with regular degree-3 for NR
National Taiwan University

R1-1609897
Updated LDPC Simulation Data Sharing 
InterDigital Communications

R1-1610136
LDPC for EMBB and URLLC
Qualcomm Incorporated

R1-1610140
LDPC decoding with adjusted min-sum
Qualcomm Incorporated

R1-1610377
Channel Coding scheme for EMBB
Intel Corporation
R1-1610472
Evaluation of adjusted min-sum LDPC decoder and complexity aspects of permutation networks 
Huawei

R1-1610693
WF on basics of LDPC design
Ericsson

Polar details

R1-1608862
Polar Code Construction for NR
Huawei, HiSilicon
R1-1610420
Resolving Polar code memory complexity issue
MediaTek Inc.
Revision of R1-1609338
R1-1609587
Design and performance of polar codes for eMBB
Nokia, Alcatel-Lucent Shanghai Bell

R1-1610060
Evaluation of polar codes for eMBB
NTT DOCOMO, INC.

R1-1608977
On the maturity of polar decoders, based on a survey of over 150 hardware implementations
AccelerComm Ltd

R1-1608865
Design aspects of Polar Code/LDPC for NR
Huawei, HiSilicon

R1-1608975
Consideration on polar codes for NR
ZTE

R1-1609586
Discussion on the IR-HARQ support of polar codes
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609898
Performance Evaluation of Puncturing Schemes for Polar Codes  
InterDigital Communications

R1-1609899
Interleaver for Polar Codes 
InterDigital Communications
R1-1610687
Clarification of IF-HARQ for PC-Polar
Huawei
Turbo details

R1-1608768
Performance of Turbo codes with high speed decoding algorithm for NR
CATT
R1-1609246
Turbo code enhancement
LG Electronics
R1-1608769
Discussion on implementation of high speed Turbo decoder for NR
CATT

Control channel and short block coding

R1-1608771
Evaluation of channel coding schemes for NR control channels
CATT

R1-1608863
Evaluation of channel coding schemes for control channel
Huawei, HiSilicon
R1-1608871
On TBCC Generator Polynomials
Ericsson

R1-1608872
Study of LDPC Codes for Control Channel of NR
Ericsson

R1-1608873
Study of Polar Codes for Control Channel of NR
Ericsson

R1-1608874
Performance Comparison of Channel Coding Candidates for Short Block Lengths
Ericsson

R1-1608973
Evaluation on channel coding candidates for eMBB control channel
ZTE

R1-1609069
Design of Short-Length LDPC Codes
Samsung

R1-1609072
Performance of Short-Length Polar Codes
Samsung

R1-1609244
Control channel coding scheme evaluation
LG Electronics

R1-1609245
Multiple CRC for TBCC list decoding
LG Electronics

R1-1609385
Link level analysis for channel coding schemes for control channel 
AT&T GNS Belgium SPRL

R1-1609512
Discussion on Control channel coding for NR
Intel Corporation

R1-1609579
Simulation results for control channel
CATR

R1-1609589
Performance of coding candidates for control channels
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609590
Polar codes for control channels
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609591
Reed-Muller and BCH codes for control channels
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609592
LDPC codes for control channels
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609614
NR DL Control Channel Coding Selection from UE Perspectives
MediaTek Inc.

R1-1609896
Performance Evaluation of Channel Codes for eMBB Control Channel 
InterDigital Communications

R1-1610141
Short blocklength design
Qualcomm Incorporated
R1-1610314
FEC performance comparison for short frame sizes for NR
IMT, ORANGE
R1-1610692
WF on further evaluation assumptions for control channel
Ericsson

URLLC & mMTC

R1-1609382
Evaluation on channel coding candidates for uRLLC and mMTC
ZTE

R1-1609593
Evaluation criteria for URLLC/mMTC coding scheme
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609594
Performance of mMTC and URLLC channel coding candidates
Nokia, Alcatel-Lucent Shanghai Bell

R1-1610411
URLLC channel coding
Qualcomm Incorporated

Revision of R1-1610142
R1-1610350
Latency consideration of channel coding candidates for URLLC
National Taiwan University

Outer coding

R1-1608976
Consideration on outer codes for NR
ZTE

R1-1610143
Erasure coding and HARQ design
Qualcomm Incorporated

Other
R1-1609068
Discussion on Maximum Code Block Size
Samsung
8.1.3.2 Modulation
R1-1608870
Advanced modulation for NR
Huawei, HiSilicon

R1-1608935
Evaluation of NU-QAM for NR
Sony

R1-1608936
Signal Space Diversity Use in NR
Sony

R1-1609074
Evaluation Assumptions for NR Modulation Schemes
Samsung

R1-1609075
Discussion on modulation for MIMO
Samsung

R1-1609076
Modulation scheme for interference management in NR
Samsung

R1-1609077
Performance evaluation of MLC with natural mapping for MIMO
Samsung

R1-1609078
Low PAPR modulation and waveform
Samsung

R1-1609513
Modulation schemes for New RAT
Intel Corporation

R1-1609595
Digital Modulation for 5G New Radio
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609632
On modulation schemes for NR
Ericsson

R1-1609900
Performance Evaluation of Dual Carrier Modulation for New Radio 
InterDigital Communications

R1-1609901
Evaluation of Spatial Modulation with Spatial Correlation and Imperfect Channel Estimation 
InterDigital Communications

R1-1609902
On Fractional N-ary Modulation for NR 
InterDigital Communications

R1-1610144
Evaluation assumptions for NR modulation schemes
Qualcomm Incorporated

R1-1610211
Way Forward on modulation for NR
Nokia, Alcatel-Lucent Shanghai Bell
