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1 Introduction

Considering the objective for this RAN1 meeting (RAN1 #86bis) for studies on NR MA towards summarizing the current outcome of the studies, in this paper, we provide a summary of the key decisions and agreements made related to NR Multiple Access studies as part of the Phase I studies for NR in Rel-14. 

2 General agreements on NR MA and initial list of NOMA schemes
The basic agreements on NR MA at RAN1 #84bis [1]:
Agreements:
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases.
· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied.

Further, at the RAN1 #85 meeting, an additional agreement was made on NR MA schemes regarding support of scheduling-based OMA scheme:

Agreements:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB

· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment
Agreements on support of NOMA and grant-free UL transmissions were made at the RAN1 #86 meeting:

Agreements:

· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC

Agreements:

· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC

	Observation 1:

· During the current study phase, the primary focus area for UL NOMA and grant-free transmissions has been mMTC use cases.


3 Initial list of NOMA schemes

The following NOMA schemes were listed as observations based on submitted contributions to RAN1 #84bis:

· Examples non-orthogonal schemes include (but not limited to):

· For UL, Multi-user shared access (MUSA) (e.g., R1-162226)

· Resource spread multiple access (RSMA) (e.g., R1-163510)

· Sparse code multiple access (SCMA) (e.g., R1-162153)

· Pattern defined multiple access (PDMA) (e.g., R1-163383)

· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)

· Low code rate spreading (e.g., R1-162385)

· Frequency domain spreading (e.g., R1-162385)

· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)
Subsequently, additional NOMA schemes were proposed at RAN1 #85 and RAN1 #86, e.g., IDMA, IGMA, LDS-SVE, GOCA, RDMA, SSMA, etc., and a new set of observations were noted at the RAN1 #86 meeting [3]:
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

Given the large number of proposed NOMA schemes and variants, there have been multiple efforts to categorize the schemes, including an ongoing effort via email discussions. However, at this point, it is unclear as to the main intention and any benefits of attempts to categorize the schemes into different groups, especially since any down-selection in the future should be based on actual performance evaluations for individual schemes based on agreed evaluation assumptions rather than any categorization or grouping of proposed schemes.

	Observation 2:

· It is currently unclear as to the purpose and benefits of categorization of the various NOMA schemes.
· Any down-selection in the future should be based on actual performance evaluations for individual schemes based on agreed evaluation assumptions rather than any categorization or grouping of proposed schemes.


4 Key decisions on UL NOMA and grant-free UL transmissions
At the RAN1 #85 meeting, the main characteristics of grant-free UL transmissions was agreed upon as [2]:

Agreements:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration

· Case 2: Realistic open-loop power control with certain alpha and P0 values

· Case 3: Close-loop power control

· Receiver impact
Further, some high-level options were agreed with respect to the determination of resources for grant-free UL transmissions at the RAN1 #86 meeting [3]:

Agreements:

· 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
To facilitate discussions and align terminology for handling of resources related to multiple access, the following definitions for MA resources were agreed at RAN1 #86 meeting [3]:
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 
It was also agreed to continue with studies on the following design aspects [3]:
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

Aiming for more realistic evaluations at link and system level, it was agreed to prioritize evaluations realistic channel estimation according to the agreements below from RAN1 #86 [3]:

Agreements:
· 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.

Further, a significant amount of efforts were expended towards aligning assumptions for a calibration campaign for NOMA evaluations at the system level and as part of a work-plan proposal it was agreed to target the following for RAN1 #86bis:

Conclusion:
· Target the following in RAN1#86bis:

· Summary of preliminary LLS comparisons 

· Summary of preliminary SLS comparisons 

Lastly, various email discussions were organized over the RAN1 reflector towards the finalization of simulation assumptions for calibration as well as for collection of preliminary LLS and SLS results for UL NOMA schemes. However, it must be noted that various system simulation related parameters were left up to companies to report and hence, the feasibility of being able to draw clear conclusions from the preliminary results 

Thus, reviewing the above, it can be seen that the WG is at an initial stage with respect to studies on UL grant-free transmissions and UL NOMA with primary alignment of terminologies and overall characterization of grant-free UL transmission schemes. Additionally, given the recent postponement of mMTC related studies, it is unclear as to the status of the current work on UL NOMA and grant-free transmissions as the primary target for this technology during the past meetings has been mMTC use cases.
	Observation 3:

· Significant amount of further studies and discussions are necessary before being able to draw precise conclusions on NOMA schemes and UL grant-free transmissions. 
· At the RAN1 #86bis, only a very preliminary summary and collection of link- and system-level evaluation results can be expected.


5 Conclusions

In this contribution, we presented a summary of the key decisions and agreements made related to NR Multiple Access studies as part of the Phase I studies for NR in Rel-14. Based on the above summary of key decisions in RAN1 since RAN1 #84bis meeting, we make the following observations:
Observation 1:
· During the current study phase, the primary focus area for UL NOMA and grant-free transmissions has been mMTC use cases.

Observation 2:

· It is currently unclear as to the purpose and benefits of categorization of the various NOMA schemes.
· Any down-selection in the future should be based on actual performance evaluations for individual schemes based on agreed evaluation assumptions rather than any categorization or grouping of proposed schemes.
Observation 3:

· Significant amount of further studies and discussions are necessary before being able to draw precise conclusions on NOMA schemes and UL grant-free transmissions. 
· At the RAN1 #86bis, only a very preliminary summary and collection of link- and system-level evaluation results can be expected.
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