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1. Introduction
The study on Non-Orthogonal Multiple Access for NR [1] was agreed in RAN75. In this SID, the following objectives have been identified for the study of NOMA related procedures:
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access

And some agreements are made in RAN1#93 [2] as below:

Agreements:
· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.
· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.
Agreements:
· Synchronous UL data transmission should be the starting point.  
· Also considers the asynchronous transmission
· Timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:
· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS
· Case 2: 2*CP>=y > CP, with detailed value FFS
· Additional value(s) for y are not precluded
· Possible down-selection can still be discussed 
· FFS the channel structure and procedures for asynchronous.


In this contribution, we discuss our view of NOMA related procedures, focusing UL transmission detection, MA signature allocation/selection.


2. Discussion
2.1 UL transmission detection
UL transmission detection capability determines the performance of UE activity detection and also involves the signal separation capability for NOMA. Generally, the UE activity detection for NOMA study is based on DMRS, where DMRS sequence can be regard as a function of the UE-ID. The complete UE-ID is carried as part of the encoded data packet or in the header. When detecting a specific DMRS sequence, gNB proceeds to decode the whole data packet. Then, UE-ID which indicates the transmitter can be determined when the packet is successfully decoded. Besides, the total number of active UE can also be detected by the DMRS detection procedure. In RAN1 #93 meeting [2], the NR DMRS design had been agreed to take as a starting point for UL transmission detection. However, in order to support massive number of devices under overloading case, DMRS collision should be carefully addressed. When many active UEs randomly select DMRS from a limited number of candidates, unexpected DMRS collision which results in ambiguous DMRS detection result are not avoidable.
Observation#1: The DMRS collision results in the NOMA performance degradation.
In NR Rel-15, two types of DMRS pattern are adopted. Type1 supports 4 and 8 orthogonal DMRS ports with 1 and 2 OFDM symbols, respectively while type2 supports 6 and 12 orthogonal DMRS ports, respectively, with the same overhead assumption. To effectively handle the DMRS collision problem, the number of available DMRS should be large enough to support massive number of simultaneously transmitted UEs under low DMRS collision probability.
Proposal#1: DMRS ports should be extended to support the massive potential UEs.

2.2 Link adaptation MA signature allocation/selection
For NOMA, different MA signatures, e.g., power levels, sequences, codeword, interleaver, etc., are used for data transmission to enable multi-user multiplexing. By these MA signatures, each UE’s transmitted data is distinguishable at receiver side even when multiple UEs transmit at the same frequency/time resource. In grant-based transmission, carefully assign and dynamically signal MA signature per UE to reduce collision possibility is possible. On the other hand, in configured grant transmission, UE obtains MA signature through semi-static signaling or randomly selects one MA signature from a pre-defined MA signature pool.
Similar to DMRS case, the MA signature collision also degrades the NOMA performance. The collision occurs when different UE uses the same MA signature. In grant-based UL transmission, gNB jointly allocates MA signatures, DMRS sequences and time/frequency resources through dynamic L1 signaling to reduce collision possibility. On the contrary, such dynamic allocation may not be implemented in the configured grant UL transmission so that we expect a more challenging configured grant case.

Regardless of grant-based or configured grant UL transmission, the MA signature collision occurs when the number of UEs is larger than the number of available NOMA signatures. As a consequence, the feasible methods and procedures that are used to avoid MA signature collision should be studied.
Observation#2: The MA signature collision also results in performance degradation and the feasible methods to avoid MA signature collision should be studied.
As long as the number of MA signatures is less than the number of connected UEs, the MA signature collision occurs. Allocating the same MA signature to the UEs with large channel power difference alleviates the performance degradation since the channel power different can be helpful to distinguish superposition signals. Following this idea, we propose to partition all potential UEs into UE groups based on the channel power ordering and partition the MA signature pool into multiple sub-MA signature pools. One sub-MA signature pool can be assigned to more than one UE groups only when the channel power difference between those UE groups is large. After assigning a sub-MA signature pools for each UE, UE randomly select its MA signature for transmission. An example for 2 sub-MA signature pools and 4 UE groups is provided in Fig.1. Based on the channel power, all potential UEs are partitioned into 4 groups (Group#1 ~ Group#4), where UE in Group#1 has the much better channel quality compared with UE in Group#3. Meanwhile, the MA signature pool  is partitioned into sub-MA signature pools  and . The sub-MA signature pool  is assigned to UEs in Group#1 and UEs in Group#3. Similar assignment is done for sub-MA signature pool  and UEs in Group#2 and Group#4. Following this procedure, the received power difference mitigates NOMA signal detection error without explicitly increasing the MA signature number.
Proposal#2: Partition MA signatures and UEs into several sub-MA signature pools and UE groups. Assign sub-MA signature pool to multiple UE groups with large channel power difference.
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Figure1. An example of MA signature allocation


3. Conclusion
In this contribution, we introduce the NOMA DMRS and MA collision issue and proposals are given as following:
Observation#1: The DMRS collision results in the NOMA performance degradation.
Observation#2: The MA signature collision also results in performance degradation and the feasible methods to avoid MA signature collision should be studied.
Proposal#1: DMRS ports should be extended to support the massive potential UEs.
Proposal#2: Partition MA signatures and UEs into several sub-MA signature pools and UE groups. Assign sub-MA signature pool to multiple UE groups with large channel power difference.
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