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1 Introduction
During early period of NR, we had a series of discussions on non-orthogonal multiple access schemes, and made agreements on the scope of study
Agreements: (RAN1 #85)
· 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

In RAN1 #92, for the clarification on the way of NOMA performance evaluation, we made further consensus on possible scenario/environment NOMA would work. Considering the works done before and the discussion recently shared, we could figure out the features or procedures that would be needed to support NOMA operation. In this contribution, we revise the discussed features to be aligned with NOMA and provide further considerations based on NR discussion.
2 [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
NOMA with autonomous/grant-free PUSCH transmission 
It has been clearly shown that for some specific services, e.g., short data packet with urgency, or infrequent short data packet transmission, autonomous/grant-free transmission is an attractive scheme for low latency communication, energy saving or for other benefits. Depending on the requirement, e.g., high reliability or moderated/high resource efficiency, non-/contention based scheme could be applied on autonomous/grant-free transmission. 
Whatever the detailed requirement is, if NOMA is not applied, autonomous/grant-free transmission would be suffered by not enough capacity of multiple access, by frequent access/data collision or by low resource efficiency in other words. Or SPS like autonomous/grant-free transmission with OMA would be applied but only for a specific use case, i.e., URLLC transmission in not-crowded/idle cell.
Thus, it would be a natural assumption that NOMA would be applied on autonomous/grant-free PUSCH transmission if NOMA is agreed to be specified, and the combinations should be considered within the study item period.
Proposal 1: Autonomous/grant-free transmission of PUSCH and corresponding schemes/features should be considered in the discussion/evaluation of NOMA during the study item period

DMRS based UE detection/identification (DMRS capacity)
If gNB could detect the transmission of NOMA signal before it performs channel estimation and data demodulation process, it could greatly decrease the complexity of receiver structure or operation. To do that, data in NOMA mode should be transmitted with PRACH for UE identification, or a good reference for the UE identification should be included in a format of NOMA data transmission. 
DMRS is a UE specific RS which can be used for UE identification, but there have been some concerns on the capacity of DMRS that number of UEs can be identified by DMRS would be limited, and DMRS based UE detection would be valid only in limited scenario, e.g., URLLC transmission with semi-static resource configuration. It should be noted that a high rank transmission for SU/MU-MIMO is one of the important issues for NR’s further performance enhancement, and it naturally would increase the capacity of DMRS. For example, TDM could be applied on DMRS to increase the number of orthogonal DMRS ports, or non-orthogonal DMRS ports via UE/layer/port specific sequence could also be considered. Figure 1 is an example of TDM DMRS up to 12 ports or 12 UEs for the orthogonal separation which is a simple modification of current NR DMRS structure.
Proposal 2: Enhanced DMRS structure supporting large capacity should not be excluded at evaluation assumptions.
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<Figure 1. Example of large capacity DMRS>

Multiple layer transmission
 With a single layer transmission, each of the suggested NOMA schemes has shown its unique characteristics, for example, some of the schemes can support large capacity of multiple access, while some of other schemes can support good per UE spectral efficiency and data rate. But it would not mean that multiple NOMA schemes should be implemented to satisfy various requirements of multiple scenarios. As a better solution, rank adaptation could be considered together with the utilization of NOMA schemes supporting good multiplexing capacity.
 For example, UEs and gNBs implement single NOMA scheme which can support large capacity of multiple access, and single layer transmissions could be configured for each UE for a certain service, e.g., mMTC. If a service with moderate data rate, e.g. eMBB is expected for some UEs, then those UEs could be configured to use multiple of NOMA resources simultaneously, and gNB would understand it as multiple layer transmission.
Proposal 3: Multiple layer transmission by simultaneous transmission of multiple NOMA resources could be considered to support various per UE spectral efficiency & access capacity requirements by single NOMA scheme.

Resource Hopping
 Hopping is a familiar method for interference randomization, collision avoidance, or diversity obtaining. When NOMA transmission fails, UE would change its NOMA resource to avoid possible collision and also to get additional diversity gain which would be at least obtained as additional randomization of interference. Further details would need to be discussed.
Proposal 4: Hopping between HARQ transmission should be considered.

Autonomous/grant-free transmission in RRC idle/inactive mode
 Considering that the main usage of NOMA could be autonomous/grant free transmission achieving latency reduction and power saving gain, utilization of NOMA UL transmission in RRC idle/inactive mode would be an attractive option to be discussed in NOMA SI. But considering the time slots allowed for NOMA study, optimizations for NOMA in RRC idle/inactive mode would needs to be avoided. 
Proposal 5: As a scenario of NOMA UL transmission in RRC idle/inactive mode, asynchronous reception of NOMA signals needs to be evaluated at least via LLS, but without additional features for the performance optimizations in RRC idle/inactive mode.

Adaptive MCS selection
If NOMA would be used only for limited cases, MCS could be fixed to be a low level to support sufficient reliability ignoring the spectral efficiency. But during RAN1 #92 discussion, companies have shown interests on case specific MCS level selection, and tend to support flexible MCS level adjustment within a limited scope. Though NOMA would be studied also for higher band, e.g., 4GHz, it seems NOMA grant-free would be applied in relative low band where bandwidth would be narrower than higher band, cell spectral efficiency would be a matter to be considered, and adaptive MCS for NOMA grant-free transmission would be beneficial to be applied. 
However, grant-free NOMA would require MCS adaptation within limited set of MCS values, and either blind detection based MCS acquisition or ctrl information based MCS indication could be supported. 
Proposal 6: MCS adaptation could be supported for NOMA grant-free transmission but within a limited scope of MCS values.

Multiplexing with Grant-based transmission
[bookmark: _Hlk510535523]During RAN1 #92, it was confirmed again that mostly small payload traffic would rely on NOMA grant-free transmission, and NOMA transmission would be applied only within a small portion of physical resources, e.g., within 6 PRBs with a certain periodicity. 
Though the requirement/benefits/necessity of NOMA would be further studied, it is obvious that NOMA aims to support better multiplexing capacity. In gNb’s perspective, to guarantee the system level gain, the reception of grant-free NOMA should not disturb the reception of legacy transmission. The multiplexed reception of grant-free NOMA and legacy transmission would not cause any problem in certain scenario, e.g., low band operation without coverage extension, but in other case, in 4GHz where rx beamforming is applied for legacy transmission for example, the multiplexing between grant-free NOMA and legacy PUSCH would need further enhancement. 
Proposal 7: Multiplexed reception on the same slot for legacy transmission and grant-free NOMA transmission should be supported.

3 Conclusion
In this contribution, we discussed several features which should be considered in NOMA study and proposed following suggestions. 
Proposal 1: Autonomous/grant-free transmission of PUSCH and corresponding schemes/features should be considered in the discussion/evaluation of NOMA during the study item period
Proposal 2: Enhanced DMRS structure supporting large capacity should be assumed as one of evaluation assumptions.
Proposal 3: Multiple layer transmission by simultaneous transmission of multiple NOMA resources could be considered to support various per UE spectral efficiency & access capacity requirements by single NOMA scheme.
Proposal 4: Hopping between HARQ transmission should be considered.
Proposal 5: As a scenario of NOMA UL transmission in RRC idle/inactive mode, asynchronous reception of NOMA signals needs to be evaluated at least via LLS, but without additional features for the performance optimizations in RRC idle/inactive mode.
Proposal 6: MCS adaptation could be supported for NOMA grant-free transmission but within a limited scope of MCS values.
Proposal 7: Multiplexed reception on the same slot for legacy transmission and grant-free NOMA transmission should be supported.
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