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1.1.1 Waveform and multiple access schemes for new radio interface
1.1.1.1 Waveform
Summarize the waveform study including conclusions of Phase I
R1-1608709
Optimized PAPR/CM SC-CPS Waveform and Further Results
Idaho National Laboratory
R1-1608829
Uplink coverage performance of OFDM with PAPR reduction for below 6 GHz
Huawei, HiSilicon

R1-1609034
Evaluation results of Low PAPR waveform
Samsung

R1-1609222
Discussion on DFT-s-OFDM and CP-OFDM for Uplink
LG Electronics

R1-1609299
Discussion and evaluation of UL Waveforms
CMCC

R1-1609378
A New DFTS-OFDM Compatible Low PAPR Technique for NR Uplink Waveforms
MediaTek
R1-1609384
Network Assisted Waveform Selection for NR
AT&T GNS Belgium SPRL

R1-1609390
Low PAPR Waveform Design for NR 
IITH

R1-1609567
On UL Waveforms below 40 GHz
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609813
Uplink waveform evaluations and proposals for NR Phase 1
Panasonic Corporation

R1-1610054
Views on UL waveform for NR
NTT DOCOMO, INC.

R1-1610113
Coverage analysis of DFT-s-OFDM and OFDM with low PAPR techniques
Qualcomm Incorporated

R1-1610224
Coexistence of DFTsOFDM and OFDM in UL below 40GHz
Mitsubishi Electric RCE

R1-1610446 
OTFS PAPR Analysis
Cohere Technologies
Revision of R1-1610397

R1-1610485
WF on Waveform for NR Uplink
Qualcomm, Orange, OPPO, ZTE, ZTE Microelectronics, InterDigital, MediaTek, LGE, IITH, Idaho National Lab, Mitsubishi, Panasonic, Vivo, Tejas Networks, IITM, CEWIT, Straight Path, NTU, Kyocera, Samsung, Spreadtrum, Reliance-jio, Sharp, AT&T, Xiaomi, Sony, NEC, Motorola, Lenovo, National Instrument, Apple
Also supported by Dish Network
Agreement:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· FFS additional low PAPR techniques 
· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)
· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use
· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations
R1-1608708
Optimized PAPR/CM SC-CPS Waveform and Further Results
Idaho National Laboratory
Withdrawn
R1-1608800
Discussion on real domain OFDM for mMTC
Fujitsu

R1-1608825
Low-complexity filter implementation for f-OFDM
Huawei, HiSilicon

R1-1608826
Delay analysis for f-OFDM
Huawei, HiSilicon

R1-1608827
Analysis of guard band for FDM of different numerologies in a NR carrier
Huawei, HiSilicon

R1-1608828
Overview of PAPR reduction techniques
Huawei, HiSilicon

R1-1608868
Analysis of spectral utilization in a NR carrier
Huawei, HiSilicon

R1-1608916
Further considerations on waveform configuration
Spreadtrum Communications

R1-1609033
Discussion on Low PAPR waveform for UL
Samsung

R1-1609035
Evaluation results of guard-band supporting methods
Samsung

R1-1609383
Summary of Link level analysis of candidate waveforms  for NR
AT&T GNS Belgium SPRL

R1-1609419
In-band Tx requirements for FDM of different numerologies in a NR carrier
Huawei, HiSilicon

R1-1609420
In-band Rx requirements for FDM of different numerologies in a NR carrier
Huawei, HiSilicon

R1-1609493
Single carrier based waveform for high frequency bands above 40 GHz
Intel Corporation

R1-1609494
Further discussion on GI-DFT-s-OFDM for high frequency bands above 40 GHz
Intel Corporation

R1-1609495
Views on multiple NR waveform proposals for high bands
Intel Corporation

R1-1609496
Considerations on NR waveform with improved spectral containment
Intel Corporation
R1-1609564
Implementation-specific UF-OFDM for New Radio
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609568
Out of band emissions, in-band emissions and EVM requirement considerations for NR
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609596
Waveform Simulation Results for Above 40 GHz
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609597
Waveform proposal for carrier frequencies beyond 40 GHz
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609598
Potential for system level gains for low-PAPR waveforms
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609599
Way forward waveform for carrier frequencies beyond 40 GHz
Nokia, Alcatel-Lucent Shanghai Bell, Mitsubishi Electric, InterDigital Communications

R1-1609643
On UL waveform - discussion
Ericsson

R1-1609644
On UL waveform - evaluation
Ericsson

R1-1609778
Further discussions on FB-OFDM
ZTE, ZTE Microelectronics 

R1-1609779
Further evaluations on FB-OFDM
ZTE, ZTE Microelectronics

R1-1609780
Text Proposal on TR38.802 for NR waveform
ZTE, ZTE Microelectronics

R1-1609792
mmWave UW DFTsOFDM link level evaluation
Mitsubishi Electric

R1-1609825
OTFS Performance in High Doppler with Varying Subcarrier Spacing
Cohere Technologies

R1-1609887
Coexistence of CP OFDM and CP DFT-s-OFDM for NR UL
InterDigital Communications

R1-1609889
Waveform design considerations for carrier frequencies above 40 GHz
InterDigital Communications

R1-1610015
Specification impact of DFTs-OFDM vs OFDM
Qualcomm Incorporated

R1-1610107
Precoder flexibility and forward compatibility of CPS-OFDM waveform
National Taiwan University

R1-1610108
Evaluation results of CPS-OFDM waveform
National Taiwan University

R1-1610111
Phase I Waveform proposal: CP-OFDM plus DFT-s-OFDM
Qualcomm Incorporated

R1-1610112
On the impact of beamforming to link budget comparison of DFTs-OFDM and OFDM
Qualcomm Incorporated

R1-1610114
User Multiplexing of DFTs-OFDM and OFDM in uplink
Qualcomm Incorporated

R1-1610116
UL waveform considerations for mmW
Qualcomm Incorporated

R1-1610117
Common PAPR reduction techniques for OFDM / DFT-s-OFDM
Qualcomm Incorporated

R1-1610238
FC-OFDM discussion based on RAN1#86 agreement
ORANGE

R1-1610309
flexi-OFDMA, a new waveform for NR
CEWiT, IIT-H, IIT-M, Reliance Jio, Tejas Networks

R1-1610403
Waveform Simulation Results for Above 40 GH
Nokia, Alcatel-Lucent Shanghai Bell

R1-1610404
FC-OFDM discussion based on RAN1#86 waveform agreements
ORANGE
Withdrawn
1.1.1.2 Multiple access scheme
Summarize the multiple access scheme study and preliminary conclusions of Phase I
R1-1608802
DM-RS considerations for UL non-orthogonal multiple access
Fujitsu
R1-1608869
Grant-free Non-orthogonal MA for uplink URLLC
Huawei, HiSilicon

R1-1608919
Considerations on pre-configured resource for grant-free based UL non-orthogonal MA
Spreadtrum Communications

R1-1608954
Physical layer abstraction method for MMSE-SIC type receiver
ZTE

R1-1609039
Support of HARQ in grant-free based multiple access
Samsung

R1-1609228
General procedures on grant-free/grant-based MA
LG Electronics

R1-1609334
System level  evaluation result on RDMA
MediaTek Inc.

R1-1609398
Uplink Grant-free Access for 5G mMTC
Lenovo

R1-1609497
Link-level analysis of UL NOMA schemes
Intel Corporation

R1-1609549
Comparison of OFDMA vs LSSA system level UL performance
ETRI

R1-1609581
Initial system level simulation results of new multiple access scheme
CATR

R1-1609783
Transmission Options for the mMTC Grant-Free Uplink
Nokia, Alcatel-Lucent Shanghai Bell

R1-1610120
System level simulation results for proposed multiple access scheme
Qualcomm Incorporated

R1-1610213
On Low Latency UL Multiple Access in NR 
Ericsson

R1-1608956
Summary of [86-18] email discussion on categorization for NR MA schemes
ZTE
R1-1610801
WF on Observation of MA Signature
ZTE, ZTE Microelectronics, Huawei, HiSilicon, ETRI

R1-1610956
WF on Common Features and General Framework of MA Schemes
Huawei, HiSilicon, CATR, CATT, CMCC, Samsung, ETRI, MediaTek
Also supported by DCM
Agreements:
· Capture the following observations in the TR

· All proposed non-orthogonal MA schemes for UL transmission share the following common features:
· At the transmitter side: using MA signature(s) 
· At the receiver side: allowing multi-user detector
· All proposed non-orthogonal MA schemes for UL transmission on a high level follow the following basic diagram. Note that the basic diagram is not intended to capture all the details or to be a complete diagram.
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R1-1610528
WF on support of UL non-orthogonal multiple access
Huawei, HiSilicon, Convida Wireless, Interdigital
R1-1610529
WF on support of UL grant-free
Huawei, HiSilicon, CATT, Convida Wireless, Interdigital
R1-1610625
WF on TP Structure for NR Multiple Access in TR 38.802
ZTE, ZTE Microelectronics, Qualcomm Inc
Agreements:
· To add Section 8.1.3 for multiple access scheme for UL concept
· Details subsections/contents/descriptions to be discussed offline 
R1-1610626
WF on PHY abstraction method for MMSE-SIC/PIC receiver
ZTE, ZTE Microelectronics
Agreements:
· For calibration purpose ONLY, The PHY abstraction method described in slides 5-7 of R1-1610626 can be used for SLS of some MA schemes that use MMSE-SIC/PIC receiver.
· Companies are encouraged to provide link level simulation results for different combinations of MCS and # of UEs for further verification
R1-1610686
WF on TR Structure for NR Multiple Access
Nokia, ASB
Conclusion:
· Rapporteur to propose the detailed subsections for 8.1.3 based on agreements made and to be made in RAN1, e.g.:
· Agreed observations, agreed PHY abstraction, etc.

R1-1610743
WF on UL grant-free workplan
Huawei, HiSilicon, CMCC

R1-1610744
WF on non-orthogonal MA workplan Huawei, HiSilicon, CMCC
R1-1610745
WF on summary of UL non-orthogonal MA progress
Huawei, HiSilicon
Agreements:
· Capture the observations on page 4, and slides 7-10 into TR 38.802, with the following updates:

· Non-orthogonal MA schemes using an advanced receiver (e.g. SCMA, MUSA, IGMA) have little or no performance loss due to MA signature (except RS) collision.
· Some Nnon-orthogonal MA results combined with narrowband and/or repetition operations can potentially reach
· Non-orthogonal MA, in some of the evaluated scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability with ideal and realistic channel estimation in the evaluated scenarios
· Slides 9-10 are to be updated based on updated simulation results submitted to this meeting

R1-1610793
WF on SLS observations of non-orthogonal MA 
Huawei, HiSilicon, ZTE
Agreements:
· The observations on slide 3, along with appendix on slides 5 and 6, are agreed, with the following update:

· All simulated non-orthogonal MA schemes with grant-free with advanced receivers (some with ideal channel estimation while others with realistic channel estimation) provides significant
· compared to a respective grant-free reference scheme assumed based on OFDMA with grant-free by each company
· Add a note to the appendix: 

· Note: the empty entries in the table are due to absence of simulation data

· Add two rows in the tables in the Appendix listing the receive type(s) and HARQ combining used by each company
· For the columns in the tables in the appendix with both ideal and realistic channel estimation, split each column into two columns capturing results with ideal and realistic channel estimation separately
· slides 5-6 are to be updated based on updated simulation results submitted within this meeting

R1-1610746
WF on summary of grant-free progress
Huawei, HiSilicon
R1-1610794
WF on UL grant-free technical aspects
Huawei, HiSilicon
R1-1610818
WF on PHY abstraction method for MA SLS
ZTE, ZTE Microelectronics, Huawei, HiSilicon
Agreements:
· The physical layer abstraction methods in R1-168076 and slides 5-7 of R1-1610626 can be used for MA system-level evaluation with individual verification by each company
· The candidate PHY abstraction methods should be referred in TR 38.802 by using the two reference documents (R1-168076 and R1-1610626)
R1-1610957
WF on Further Summary of LLS Results
Huawei, HiSilicon
Agreements:
· Further capture the LLS results in the tables on Page 4, 5, 6, and 7 of R1-1610957 into TR 38.802, with the following updates:
· The results are to be updated based on updated simulation results submitted to this meeting
· Note: the empty entries in the table are due to absence of simulation data
· Change “SE” in the relevant places of the tables to “bits/RE”
· Add a note whether or not CRC is included in determining “bits/RE” in each result of the corresponding tables

· Add references to the MA schemes in the tables

· Also add receiver assumptions in the assumption table

· In addition, provide a reference to the spreadsheet capturing all LLS results

· Note: CRC is excluded in coding rate determination

· This is only a clarification, not to be captured in the TR

R1-1610826
WF on summary of grant-free progress
Huawei, HiSilicon
Also supported by Convida wireless
R1-1610958
WF on Grant-free URRLC Performance Evaluations
Huawei, HiSilicon
R1-1608755
LLS results of PDMA with realistic channel estimation
CATT

R1-1608756
SLS results of PDMA
CATT

R1-1608757
Consideration on grant-free transmission
CATT

R1-1608758
Discussion on MA for URLLC
CATT

R1-1608801
Further LLS results for UL non-orthogonal multiple access
Fujitsu

R1-1608803
Discussion on grant-free transmission for UL multiple access
Fujitsu

R1-1608852
Categorization and analysis of MA schemes
Huawei, HiSilicon

R1-1608853
Further UL LLS Results
Huawei, HiSilicon

R1-1608854
Further UL SLS Results
Huawei, HiSilicon

R1-1608855
Advanced multi-user detectors for grant-free transmissions
Huawei, HiSilicon

R1-1608858
Discussion on grant-free versus grant-based transmissions for infrequent small packets
Huawei, HiSilicon

R1-1608859
The retransmission and HARQ schemes for grant-free
Huawei, HiSilicon

R1-1608860
Solutions for collisions of MA signatures
Huawei, HiSilicon

R1-1608861
Resource allocation and management for grant-free UL
Huawei, HiSilicon

R1-1608917
Considerations on random resource selection
Spreadtrum Communications

R1-1608918
Multiple access schemes with considering different UE requirements
Spreadtrum Communications

R1-1608943
Interleaver based non-orthogonal multiple access
Sony

R1-1608952
System level performance evaluation for MUSA
ZTE

R1-1608953
Link level performance evaluation for MUSA
ZTE

R1-1608955
Considerations on the Preamble design for grant-free non-orthogonal MA
ZTE

R1-1609036
Discussion on low PAPR non-orthogonal multiple access
Samsung

R1-1609037
Discussion on grant-free based multiple access
Samsung

R1-1609038
Collision analysis of grant-free based multiple access
Samsung

R1-1609040
Basic channel structure for grant-free based multiple access
Samsung

R1-1609041
Link level evaluation results for IGMA
Samsung

R1-1609042
System level evaluation results for IGMA
Samsung

R1-1609043
Discussion on IGMA under multi-cell environments
Samsung
Withdrawn
R1-1609223
Further evaluation results of NCMA in UL LLS
LG Electronics

R1-1609224
SLS evaluation results for the NR MA
LG Electronics

R1-1609225
Discussion on the MA evaluations and further considerations
LG Electronics

R1-1609226
Discussion on feedback signaling for grant-free MA
LG Electronics

R1-1609227
On MA resource and MA signature configurations
LG Electronics

R1-1609229
NoMA scheme based on NCMA
LG Electronics

R1-1609230
Discussion on Non-orthogonal Spreading Sequence and codebooks for NoMA
LG Electronics

R1-1609300
Discussion on multiple access schemes for URLLC
CMCC

R1-1609332
LLS results for GOCA schemes
MediaTek Inc.

R1-1609333
LLS results for RDMA schemes
MediaTek Inc.

R1-1609335
System level  evaluation result on GOCA
MediaTek Inc.

R1-1609399
Discussion on grant-free based UL transmission
Lenovo

R1-1609400
Discussion on retransmission design for grant-free based UL transmission
Lenovo

R1-1609441
Text Proposal of PHY abstraction method for NR MA
Huawei, HiSilicon

R1-1609442
Summary of email discussion thread 86-15 and 86-17 on SLS calibration for NR MA
Huawei, HiSilicon

R1-1609443
Summary of preliminary LLS results
Huawei, HiSilicon

R1-1609444
Summary of preliminary SLS results
Huawei, HiSilicon

R1-1609446
Reference signal design for UL grant-free transmission
Huawei, HiSilicon

R1-1609498
System-level analysis of UL NOMA schemes
Intel Corporation

R1-1609499
Grant-free UL transmissions in NR
Intel Corporation

R1-1609500
On spreading-based NOMA schemes
Intel Corporation

R1-1609501
DM-RS design and channel estimation for UL NOMA
Intel Corporation

R1-1609502
Retransmissions and repetitions for UL grant-free NOMA schemes
Intel Corporation

R1-1609548
DMRS design for non-orthogonal UL multiple access user channel estimation
ETRI

R1-1609553
Discussion on non-orthogonal MA for eMBB
CATT

R1-1609580
Discussion on non-orthogonal multiple access for URLLC usage scenario
CATR

R1-1609612
Discussion on usage scenarios for non-orthogonal multiple access
MediaTek Inc.

R1-1609613
Benchmark with NB-IoT with non- orthogonal multiple access
MediaTek Inc.

R1-1609646
Summarizing the MA findings in the TR
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609647
On MA resources for grant-free transmission
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609648
Collision handling for grant-free
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609649
Grant-free retransmission with diversity and combining for NR
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609650
Receiver considerations on UL MA
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609651
Non-orthogonal coded access (NOCA)
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609652
Calibration results for UL grant-free transmission
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609653
Preamble transmission procedures for the mMTC uplink
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609654
Link adaptation for grant-free transmissions
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609655
Relationship between grant-free and grant-based transmission
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609814
Multiple access schemes for NR phase 1
Panasonic Corporation

R1-1609873
Supporting URLLC in NR: Views and Recommendations
Sharp

R1-1609891
Interleaved-based MA in Fading and Asynchronous environments
InterDigital Communications

R1-1609892
On the Performance of Interleaved-based Multiple Access Schemes 
InterDigital Communications

R1-1609893
Considerations on UL grant-free transmissions for mMTC 
InterDigital Communications

R1-1610076
Discussion on multiple access for uplink eMBB
NTT DOCOMO, INC.

R1-1610077
SLS evaluation on uplink multiple access
NTT DOCOMO, INC.

R1-1610078
LLS evaluation on uplink multiple access
NTT DOCOMO, INC.

R1-1610118
Link level simulation results for RSMA vs OMA
Qualcomm Incorporated

R1-1610119
System level simulation results for calibration
Qualcomm Incorporated

R1-1610121
Battery life analysis for grant-free transmission
Qualcomm Incorporated

R1-1610122
Mixed grant-free and grant based multiple access
Qualcomm Incorporated

R1-1610214
On Synchronization Requirements for Grant-free MA
Ericsson

R1-1610298
System design considerations for UL NoMA
MediaTek Inc.

R1-1610374
Support of link adaptation for UL grant-free NOMA schemes
Intel Corporation

R1-1610375
Coverage performance for UL NOMA schemes
Intel Corporation

R1-1610376
Summary of current studies on NR Multiple Access
Intel Corporation
