3GPP TSG RAN WG1 Meeting #86
               
R1-168417
Gothenburg, August 22nd – 26th, 2016

Agenda item:
8.1.2

Source: 
Session Chairman (Qualcomm Inc.)
Title: 
Chairman’s Notes of Agenda Item 8.1.2 on Waveform and multiple access schemes for new radio interface
Document for:
Endorsement

1.1.1 Waveform and multiple access schemes for new radio interface
1.1.1.1 Waveform
Including remaining evaluation assumptions for waveform evaluation
R1-166092
Waveform evaluation results for above 6GHz bands
Huawei, HiSilicon
R1-166355
WOLA and filtered-OFDM comparison beyond link level performance
Qualcomm Incorporated

R1-166487
Link Level Evaluation of Waveforms for NR
AT&T GNS Belgium SPRL

R1-166494
Low PAPR Single Carrier Circularly Pulse Shaped Waveform 
Idaho National Laboratory

R1-166748
Evaluation results of OFDM-based waveform in DL and UL mixed numerology case (case 2 and 4)
Samsung

R1-167104
Preliminary evaluations of f-OFDM and w-OFDM
CMCC

R1-167376
Comparison of candidate waveforms
NTT DOCOMO, INC.

R1-167529
An RX based interference mitigation method for waveform with multiple numerologies
MediaTek Inc.

R1-167550
Filter delay impact of filtered OFDM on fast feedback
Ericsson

R1-167595
OTFS Performance Evaluation for High Speed Use Case
Cohere Technologies

R1-167794
Waveform proposal for carrier frequencies beyond 40 GHz
Nokia, Alcatel-Lucent Shanghai Bell
R1-167963
Way forward on waveform
Huawei, HiSilicon, NTT DOCOMO, Nokia, ASB, Ericsson, Qualcomm, China Unicom, CATT, Samsung, CATR, Vodafone, InterDigital, LG Electronics, Softbank, Deutsche Telekom

Also supported by CT, Verizon
Agreement:
· At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform with Y greater than that of LTE (assuming Y=90% for LTE) for DL and UL, possibly with additional low PAPR/CM technique(s) (e.g., DFT-S-OFDM, etc.) 
· Y (%) = transmission bandwidth configuration / channel bandwidth * 100%
· RAN1 specification will support transmission bandwidth configuration corresponding to Y up to approximately100%
· Some evaluations in RAN1 show that Y for a NR carrier can be up to 98% of the evaluated channel bandwidths for both DL and UL without complexity and latency constraints [R1-166093]
· Note: additional pre-processing techniques on top of CP-OFDM are not precluded, e.g., OTFS
· Additional waveforms may be supported by NR for e.g. other services (e.g. mMTC) 

· It is recommended that RAN4 should target to support eNB/UE with Y significantly higher than 90% when defining the RAN4 requirements where the specification of Y should consider complexity and latency constraints 
· In-band frequency multiplexing of different numerologies is supported in NR for both DL and UL, at least from the network perspective 
· It is expected that spectrum confinement on sub-band basis is specified as requirements on 
· Transmitter side in-band emission and EVM requirements  
· Reception performance in presence of other-subband interferer
· The definition of sub-band is FFS 

· From RAN1 perspective, spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver 

· Inform RAN4 the above agreements
· RAN1 plans to perform more evaluations on waveform and will inform RAN4 with future updates, if any
R1-168422
WF on low-PAPR/CM technique
Ericsson, Huawei, Panasonic, Vodafone, Qualcomm, ZTE, ZTE Microelectronics

Agreements:
· At least up to 40 GHz for eMBB and URLLC services, 

· CP-OFDM without specified low-PAPR/CM technique(s) is recommended to be supported for uplink

· For data transmission, additional low-PAPR/CM technique(s) is only considered for uplink from RAN1 specification perspective
· Additional low-PAPR/CM technique(s) for special downlink signals such as sync signals is FFS

· Additional low-PAPR/CM technique(s) for other uplink signals/channels is FFS

· Additional low PAPR/CM technique(s), if specified, and CP-OFDM without specified low-PAPR/CM technique(s) for uplink are considered as complementary to each other 

R1-168240
LS on NR waveform
Huawei
Conclusion:

· The LS is agreed in R1-168258, with the following update:




R1-168051
WF on Low PAPR Techniques for NR Uplink Qualcomm Inc., Samsung, MediaTek, Interdigital, Idaho National Lab, IITH, CEWiT, Reliance-jio, Tejas Networks, Oppo, Vodafone, Straightpath, LG Electronics, National Taiwan University, [AT&T], Verizon Wireless, National Instrument, Spreadtrum

Also supported by ZTE, ZTE Microelectronics
Agreement:
· NR uplink should target at least the same link budget (i.e. MCL) as LTE uplink, under the same usage scenarios and similar deployment configurations (e.g., same carrier frequency)

· Details FFS

· Techniques can be evaluated for the uplink scenarios

· E.g., low PAPR/CM techniques (including DFT-s-OFDM) 
R1-168392
WF on Guard-Band in NR
Samsung, CEWiT, IITH, Tejas Networks, Reliance-jio, MediaTek, Ericsson, Nokia, ASB, CMCC, KDDI
Agreement:
· RAN1 should continue study whether/how to support guard-band for inter-subband interfering scenarios (e.g., cases 2/3/4) with considerations of the specification/performance impact
R1-168525
Way forward on the waveform for above 40GHz
Nokia, ASB, Intel,  InterDigital, Mitsubishi Electric, Qualcomm, MediaTeK, Ericsson, NTU, National Instruments
Agreements:
· When considering DL and UL waveforms for spectrum band above 40GHz, RAN1 should at least consider the impact of
· Low PA efficiency
· Phase Noise and Doppler impairments
R1-166090
Waveform evaluation results for case 3
Huawei, HiSilicon

R1-166091
Waveform evaluation results for case 4
Huawei, HiSilicon

R1-166093
Waveform evaluation updates for case 1a and 1b
Huawei, HiSilicon

R1-166119
Summary of email discussion on calibration for NR waveform
Huawei, HiSilicon

R1-166120
Waveform evaluation updates for case 2
Huawei, HiSilicon

R1-166121
Summary on NR waveform evaluation results
Huawei, HiSilicon

R1-166226
UW DFTsOFDM link level evaluation results below 6GHz
Mitsubishi Electric

R1-166227
UW DFTsOFDM link level evaluation results above 30GHz 
Mitsubishi Electric

R1-166348
PA model measurements and F-OFDM/WOLA measurements
Qualcomm Incorporated

R1-166349
PA model for 20-100 GHz
Qualcomm Incorporated

Late submission

R1-166350
NR Spec implication for Filter/windowing OFDM
Qualcomm Incorporated

R1-166351
Updated simulation assumptions for Cases 3 and 4
Qualcomm Incorporated

R1-166352
Simulation results for Cases 3 and 4
Qualcomm Incorporated

R1-166353
Waveform proposal for > 6GHz
Qualcomm Incorporated

R1-166354
OFDM and SC-FDM support for Uplink
Qualcomm Incorporated

R1-166356
Simulation assumptions for OFDM and SC-FDM waveform comparison
Qualcomm Incorporated

R1-166399
Tx&Rx structure of FB-OFDM
ZTE

R1-166400
Simulation results of new waveform in case 1 and high speed
ZTE

R1-166401
Simulation results of new waveform in case 2, 3 and 4
ZTE

R1-166594
Discussion on the window processing of FC-OFDM and WOLA
ORANGE

R1-166595
FC-OFDM enhanced receiver design for very long delay spread
ORANGE

R1-166650
Discussion on OFDM based waveform
Sony

R1-166669
Discussion on real domain OFDM for mMTC
Fujitsu

R1-166746
Discussion on multi-window OFDM for NR waveform
Samsung

R1-166747
Evaluation results of OFDM-based waveform in DL and UL single numerology case (case 1a and 1b)
Samsung

R1-166749
Evaluation results of OFDM-based waveform in UL single numerology and asynchronous case (case 3)
Samsung

R1-166869
Waveform evaluation results in case 3
LG Electronics

R1-166870
Waveform evaluation results in case 4
LG Electronics

R1-166999
Detailed configuration of f-OFDM and W-OFDM for LLS evaluation
Spreadtrum Communications

R1-167000
LLS evaluation results of NR waveforms
Spreadtrum Communications

R1-167001
Link-level simulation cases for evaluating waveforms in mMTC UL with relaxed synchronization
Spreadtrum Communications

R1-167029
On NR spectral confinement
Ericsson

R1-167030
Mixed Numerology with PA impairment
Ericsson

R1-167031
On OFDM in NR for Coverage-Limited Scenarios
Ericsson

R1-167032
On OFDM in NR for Non-Coverage Limited Scenarios
Ericsson

R1-167033
On resource allocation and guard subcarriers for mixed numerologies
Ericsson

R1-167034
On PA impact to in mixed numerology with narrow band allocation
Ericsson

R1-167035
On PA impact to in mixed numerology with wide band allocation
Ericsson

R1-167036
On PAPR and CM reduction in NR
Ericsson

R1-167086
GPO Based BPSK and QPSK modulation schemes with Low PAPR
IITH

R1-167125
Single carrier based waveform for high frequency bands above 40 GHz
Intel Corporation

R1-167126
Further discussion on GI-DFT-s-OFDM for high frequency bands above 40 GHz
Intel Corporation

R1-167193
Views on multiple NR waveform proposals for high bands
Intel Corporation

R1-167201
Further evaluation for NR waveforms
Huawei, HiSilicon

R1-167241
Summary of email discussion on collecting information for NR waveform
Huawei, HiSilicon

R1-167243
On uplink waveform below 40 GHz
Nokia, Alcatel-Lucent Shanghai Bell

R1-167244
Uplink performance results for the New Radio waveforms below 6 GHz including PA models
Nokia, Alcatel-Lucent Shanghai Bell

Late submission

R1-167245
Downlink performance results for the New Radio waveforms below 6 GHz including PA models
Nokia, Alcatel-Lucent Shanghai Bell

R1-167246
On independent design of Tx and Rx units for NR
Nokia, Alcatel-Lucent Shanghai Bell

R1-167337
NR waveform evaluation and proposals
Panasonic Corporation

R1-167529
An RX based interference mitigation method for waveform with multiple numerologies
MediaTek Inc.

R1-167530
Spectral Efficiency Evaluation for NR Uplink Waveforms Operating at High Frequency
MediaTek Inc.

R1-167558
Comparison of UW DFT-s-OFDM and windowed OFDM 
InterDigital Communications

R1-167559
Simulation set-up for email discussion [85-17] on UW DFT-s-OFDM
InterDigital Communications

R1-167560
Channel estimation and phase tracking for UW DFT-s-OFDM
InterDigital Communications

R1-167593
Performance evaluation of OTFS waveform in single user scenarios
Cohere Technologies

R1-167594
Performance evaluation of OTFS waveform in multiuser scenarios
Cohere Technologies

R1-167604
Evaluation of OFDM with companding
Qualcomm Incorporated

R1-167746
Guardband for mixed numerologies
Ericsson

R1-167747
NR carrier bandwidth
Ericsson

Late submission

R1-167778
Spectrum emission considerations for 5G NR waveform proposals
Nokia, Alcatel-Lucent Shanghai Bell

R1-167779
On DL Rapp PA model for waveform evaluation below 6 GHz
Nokia, Alcatel-Lucent Shanghai Bell

R1-167791
Performance Evaluation of Cyclic-Prefix-less Precoded OFDM
KDDI Corporation

R1-167795
Potential for system level gains with low PAPR waveforms
Nokia, Alcatel-Lucent Shanghai Bell

R1-167796
On the RAN1 goals for waveform design
Nokia, Alcatel-Lucent Shanghai Bell

R1-167808
flexi-OFDMA, a new waveform for NR
CEWiT

R1-167820
Fundamentals of CPS-OFDM waveform for 5G new radio
National Taiwan University

R1-167874
Evaluation results of OFDM-based waveforms in Case 1a and Case 1b
National Taiwan University

Revision of R1-167821
R1-167875
Preliminary evaluation of CPS-OFDM waveform in Case 2, Case 3, and Case 4
National Taiwan University

Revision of R1-167823
R1-167859
Generalized Root Raised Cosine (GRRC) Nyquist Filters for Filtered Modulation
National Instruments Corp.
1.1.1.2 Multiple access scheme
Including remaining evaluation assumptions for multiple access scheme evaluation
R1-166094
LLS Results for UL MA schemes
Huawei, HiSilicon

R1-166405
Discussion on grant free concept for UL mMTC
ZTE

R1-166493
Low Latency Scheduling-based UL Access
Idaho National Laboratory

R1-166551
Views on UL multiple access for NR
Intel Corporation

R1-167253
On system level evaluation of multiple access schemes for mMTC and eMBB use cases
Nokia, Alcatel-Lucent Shanghai Bell

R1-167554
General framework for efficient access in NR
Ericsson
R1-168073 WF on UL LLS for MA Huawei, HiSilicon, CATR, CATT, Fujitsu, Spreadtrum, China Telecom, InterDigital
R1-168427
WF on UL LLS for MA
Huawei, HiSilicon, CATR, CATT, Spreadtrum, Fujitsu, CMCC, InterDigital, China Telecom
Observations:

· The following non-orthogonal multiple access schemes have been reported up to RAN1#86 for at least UL NR MA (listed in the order of proposed time, i.e., increasing tdoc number)
· Sparse code multiple access (SCMA) (e.g., R1-162153)
· Multi-user shared access (MUSA) (e.g., R1-162226)
· Low code rate spreading (e.g., R1-162385)
· Frequency domain spreading (e.g., R1-162385)
· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)
· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)
· Pattern division multiple access (PDMA) (e.g., R1-163383)
· Resource spread multiple access (RSMA) (e.g., R1-163510)
· Interleave-Grid Multiple Access (IGMA), (e.g., R1-163992)
· Low density spreading with signature vector extension (LDS-SVE) (e.g., R1-164329)
· Low code rate and signature based shared access (LSSA), (e.g., R1-164869)
· Non-orthogonal coded access (NOCA), (e.g., R1-165019)
· Interleave Division Multiple Access (IDMA), (e.g., R1-165021)
· Repetition division multiple access (RDMA), (e.g., R1-167535)
· Group Orthogonal Coded Access (GOCA), (e.g., R1-167535)
· Based on the contributions and the assumptions listed in Tables 1/2/3 in R1-168427, it is observed that non-orthogonal MA outperforms OFDMA in terms of UL link-level sum throughput (R1-163560) and overloading capability in the evaluated scenarios
Agreements:
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC
Proposal:

· In the UL LLS evaluation of non-orthogonal multiple access for mMTC, it is recommended to consider at least the following
· MA signature (e.g., code, codebook, sequence, interleaver, etc) collision
· FFS Channel correlation between UEs
· FFS detailed channel correlation model
Continue offline discussion

R1-168074
WF on support of UL grant-free for N
Huawei, HiSilicon, China Telecom, Fujitsu, InterDigital
R1-168067
WF on Clarification of Grant-free Transmission for mMTC
ZTE, ZTE Microelectronics, Qualcomm, LGE
Agreement:
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
Conclusion:

· In RAN1 discussion for MA, grant-free is used to represent “autonomous/grant-free/contention based”

R1-168257
WF on Clarification of Grant-free Transmission for mMTC
ZTE, ZTE Microelectronics, Qualcomm, LGE, Convida, InterDigital
Agreement:
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection
· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined
· Details FFS

· Other options are not precluded

R1-168075
WF on further considerations of UL grant-free for mMTC
Huawei, HiSilicon, CMCC, Fujitsu

R1-168428
WF on study of UL grant-free
Huawei, HiSilicon, CATR, CATT, 

China Telecom, CMCC, Convida Wireless, Fujitsu, Intel, Spreadtrum, InterDigital, Oppo, Orange, ZTE,

Also supported by Nokia, NTT DoCoMo
Agreements:
· Continue study at least the following: 
· Handling of  potential collisions of MA signatures
· Retransmission/repetition and potential combining, e.g. HARQ
· Potential link adaptation, e.g. MCS/signature re-assigning
· Relationship between grant-free and grant-based transmissions and associated UE behavior
· Advanced receiver capabilities including complexity analysis
R1-168426
WF on definition of UL grant-free resource
Huawei, HiSilicon, CATR, CATT, 

China Telecom, CMCC, Convida Wireless, Fujitsu, Intel, Spreadtrum, InterDigital, Oppo, Orange
R1-168423
WF on some definition of terminologies for “autonomous/grant-free/contention-based” MA LG Electronics, ETRI
R1-168325 
WF on MA resource clarification
ZTE, ZTE Microelectronics, Qualcomm
Agreements:
· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block
· Note: spatial dimension is not considered as a physical resource in this context
· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:
· Codebook/Codeword

· Sequence

· Interleaver and/or mapping pattern

· Demodulation reference signal

· Preamble

· Spatial-dimension

· Power-dimension

· Others are not precluded

· Details on MA physical resource and MA signature resource FFS 
R1-168538
WF on further clarification on grant-free transmission for mMTC LG Electronics, Huawei, HiSilicon, ETRI
Continue discussion next meeting
R1-168076
Way forward on physical layer abstraction for UL non-linear receiver
Huawei, HiSilicon, CMCC, Samsung, CATT
Agreement:

· For calibration purpose ONLY:

· For ML-type receiver, the PHY abstraction method discussed R1-168076 can be used at least for some MA schemes

· If a different PHY abstraction method is used by a company, it has to be stated clearly and individually verified

· Otherwise, the PHY abstraction method is up to each company

· The PHY abstraction method is to be stated and individually verified by each company

· For evaluation purpose, PHY abstraction method is up to each company

· A same method is used for calibration and evaluation by a given company, unless a single method can be agreed in RAN1 during evaluation phase
R1-168068
WF on UL Multiple Access Scheme Categorization for mMTC
ZTE, ZTE Microelectronics, Qualcomm
R1-168069
WF on System Level Simulation Parameters for mMTC
ZTE, ZTE Microelectronics, Qualcomm
R1-168326
WF on System Level Simulation Parameters for grant-free MA
ZTE, ZTE Microelectronics, Qualcomm
Continue discussion next meeting especially regarding the motivation for overhead modeling and how to model the overhead
R1-168123
Way forward on non-orthogonal multiple access evaluation
Samsung, Qualcomm, LGE

Revision of R1-168116
Agreement:
· For NR non-orthogonal multiple access evaluation, realistic channel estimation is prioritized and the following aspects are considered 
· The proposed DMRS pattern(s), if any, for channel estimation
· FFS: DMRS overhead. E.g., LTE UL DMRS overhead can be used as a reference.
· FFS: DMRS contamination due to inter-cell interference
· FFS: Impact of DMRS collision in case of “autonomous/grant-free/contention based”  multiple access
· Note: companies report the DMRS settings used for the LLS/SLS evaluation.

R1-168115
Way Forward on SLS assumptions for autonomous/grant-free/contention-based MA
LG Electronics, ZTE, ZTE Microelectronics
R1-168540
WF on SLS baseline for NR MA
Huawei, HiSilicon
Agreements:
· For providing absolute system level evaluation results for UL mMTC, for calibration purpose only
· CP-OFDM as the UL waveform
· UL DMRS overhead, 1 OFDM symbol out of 7 OFDM symbols
· A UE selects a MA physical resource randomly from a pool of orthogonal MA physical resources
· There is no partial overlapping between the MA physical resources selected by more than one UE
· All orthogonal MA physical resources are of same size
· Rx MMSE receiver, assuming realistic channel estimation
· No blind decoding assumed 
· Same MCS for all UEs, 
· MCS is reported by each company
· Open loop power control
· Alpha=1, P0= -90 dBm
· Packet size is fixed by 20 bytes
· FFS other parameters, if any

· Email discussion on any other potential parameters until 9/2 – Yi Wang  (Huawei)

· Note: The above assumptions only apply to the calibration purpose, i.e. other assumptions can be used for evaluation of proposed non-orthogonal multiple access scheme(s) 
R1-168541
WF on work plan for NR MA
Huawei, HiSilicon
Conclusion:

· Target the following in RAN1#86bis:
· Summary of preliminary LLS comparisons 
· Summary of preliminary SLS comparisons 
R1-166095
Discussion on grant-free transmission
Huawei, HiSilicon

R1-166096
SLS methodology for MA evaluation in mMTC scenario
Huawei, HiSilicon

R1-166097
SLS Results for MA evaluation in mMTC scenario
Huawei, HiSilicon

R1-166098
Discussion on the feasibility of advanced MU-detector
Huawei, HiSilicon

R1-166111
On traffic model and evaluation method for mMTC evaluation
Huawei, HiSilicon

R1-166357
mMTC UE battery life evaluation assumption and methodologies
Qualcomm Incorporated

R1-166358
RSMA and SCMA comparison
Qualcomm Incorporated

R1-166359
Resource spread multiple access
Qualcomm Incorporated

R1-166402
Remaining issues on multiple access evaluation assumption
ZTE

R1-166403
Grant-free multiple access schemes for mMTC
ZTE

R1-166404
Receiver details and link performance for MUSA
ZTE

R1-166466
Usage scenarios of non-orthogonal multiple access
CATT

R1-166467
Discussion on traffic model of mMTC
CATT

R1-166468
Remaining issues on evaluation assumption and methodology of MA
CATT

R1-166469
Update of LLS results of PDMA
CATT

R1-166470
Initial SLS results of PDMA
CATT

R1-166552
On UL non-orthogonal multiple access schemes
Intel Corporation

R1-166597
Ultra-Low Latency Scheduling-based UL Access
Idaho National Laboratory

R1-166651
Non-orthogonal multiple access for uplink
Sony

R1-166670
Further LLS results for UL non-orthogonal multiple access
Fujitsu

R1-166671
DM-RS considerations for UL non-orthogonal multiple access
Fujitsu

R1-166672
Filter design for filtered OFDM
Fujitsu

R1-166750
Link level performance evaluation for IGMA
Samsung

R1-166751
System level performance evaluation for non-orthogonal multiple access
Samsung

R1-166752
Discussion on grant-free/contention-based non-orthogonal multiple access
Samsung

R1-166871
NoMA scheme based on NCMA
LG Electronics

R1-166872
Traffic model for evaluation of contention based MA
LG Electronics

R1-166873
Discussion on Categorization of MA schemes and target scenarios
LG Electronics

R1-166874
Discussion on Non-orthogonal Spreading Sequences for NoMA
LG Electronics

R1-166875
Considerations on the receiver types and NoMA schemes
LG Electronics

R1-166876
Performance evaluation of NCMA
LG Electronics

R1-166877
Considerations on contention based MA
LG Electronics

R1-167002
Performance analysis on the effect of spreading signature matrix in NR MA schemes
Spreadtrum Communications

R1-167003
Multiple access schemes with considering different UE requirements
Spreadtrum Communications

R1-167105
Results and Remaining Issues of LLS evaluation on Multiple Access
CMCC

R1-167206
HARQ timing relationships for grant-free transmission
Huawei, HiSilicon

R1-167247
Overview of the proposed non-orthogonal MA schemes
Nokia, Alcatel-Lucent Shanghai Bell

R1-167248
Contention-based non-orthogonal multiple access with frequency hopping for mMTC uplink
Nokia, Alcatel-Lucent Shanghai Bell

R1-167249
Non-orthogonal coded access (NOCA)
Nokia, Alcatel-Lucent Shanghai Bell

R1-167250
Receiver considerations on UL MA
Nokia, Alcatel-Lucent Shanghai Bell

R1-167251
Synchronization requirement and performance analysis on UL MA
Nokia, Alcatel-Lucent Shanghai Bell

R1-167252
Basic principles of Contention Based access
Nokia, Alcatel-Lucent Shanghai Bell

R1-167254
Channel structure for contention based access
Nokia, Alcatel-Lucent Shanghai Bell

R1-167255
Procedure design for contention based access
Nokia, Alcatel-Lucent Shanghai Bell

R1-167256
Collision handling for contention based access
Nokia, Alcatel-Lucent Shanghai Bell

R1-167257
Preamble transmission procedures for the mMTC uplink
Nokia, Alcatel-Lucent Shanghai Bell

R1-167335
LLS Results for DL MA schemes 
Huawei, HiSilicon

R1-167336
SLS Results for SCMA in DL eMBB scenario
Huawei, HiSilicon

R1-167339
Signature pattern generation of LSSA
ETRI

R1-167340
LLS results for UL low-rate code and signature based shared access scheme
ETRI

R1-167392
Discussion on multiple access for UL mMTC
NTT DOCOMO, INC.

R1-167393
Discussion on multiple access for eMBB
NTT DOCOMO, INC.

R1-167444
Usage scenario and physical layer design for UL non-orthogonal MA
China Telecommunications

R1-167445
Classification of candidate UL non-orthogonal MA schemes
China Telecommunications

R1-167517
Uplink Multiple Access for 5G mMTC
Lenovo

R1-167518
Discussion on contention based UL transmission
Lenovo

R1-167524
Downlink Multiple Access in NR
MediaTek Inc.

R1-167535
New uplink non-orthogonal multiple access schemes for NR
MediaTek Inc.

R1-167536
LLS results for RDMA,GOCA,RSMA and IDMA schemes
MediaTek Inc.

R1-167537
Evaluation on SC-FDMA (NB-IoT) based multiple access scheme
MediaTek Inc.

R1-167538
Evaluation on PAPR for UL multiple access schemes
MediaTek Inc.

R1-167555
NR Multiple Access
Ericsson

R1-167561
On the performance of IDMA and RSMA multiple access schemes 
InterDigital Communications

R1-167562
Further performance evaluation of UL NOMA 
InterDigital Communications

R1-167563
On categorization of MA schemes for NR
InterDigital Communications

R1-167602
Link level simulation results of new multiple access scheme
CATR

R1-167615
Multiple access schemes for NR
SHARP Corporation

R1-167698
Grant-less and non-orthogonal UL transmissions in NR
Intel Corporation

R1-167699
Modeling of timing offsets for UL non-orthogonal multiple access
Intel Corporation

R1-167700
Link-level analysis of UL NOMA transmissions
Intel Corporation

R1-167701
NR multiple access for eMBB
Intel Corporation

R1-167742
Discussion on multiple access for mMTC
III
