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1 Introduction
In RAN1 #86, NR Multiple Access Scheme section has agreements as below [1]:

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

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

· 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 

In this contribution, we discuss the NR Non-orthogonal multiple access (NOMA).
2 Discussion
In NR Multiple Access discussion, companies proposed many NOMA schemes. Although there are many proposed NOMA schemes, some schemes have similar features. E-mail discussion [86-18] tried to categories these NOMA schemes, however the discussion has not finished yet in this time. In order to simplify the discussion for this document we categorize these NOMA schemes as below:
· Categorize NOMA schemes
· Short Spreading based

    : SCMA[2], PDMA[3], MUSA[4], NCMA[5], NOCA[6], GOCA[7]
· Long Spreading/Interleaver based   : IDMA[8], IGMA[9], RSMA[10], RDMA[7]
· Non Spreading/Interleaver based     : Power domain NOMA[11]
· Short Spreading based
Characteristic of this category is to provide the MA signature as a specific sequence/code which includes the spreading feature. This category relies on the different sequences/codes to distinguish individual users, so it needs to specify these sequences/codes. As this category uses the short spreading sequence/code, the spreading it applies to the signal is short. While the access schemes in this category are useful for “autonomous/grant-free/contention based transmission”, these cannot use for “asynchronous transmission”. And, because the spreading sequence/code is short, it does not have scalability to support different connection densities.
· Long Spreading/Interleaver based
Characteristic of this category is that the spreading and/or interleaver patterns are provided independently. Since the spreading and/or interleaving is applied to all the encoded bit sequences, the resulting bit sequences are almost uncorrelated. Therefore, the interleaver can help to reduce the correlation between the signals from different users. This characteristic facilitates other-user interference cancellation at the receiver. The access schemes in this category are useful for “autonomous/grant-free/contention based transmission”. In addition, for a single tone waveform transmission system, this category also has ability to support “asynchronous transmission” [12]. On the other hand, the spreading/interleaving over a long signals is not trivial.
· Non Spreading/Interleaver based
Power dimension NOMA would be included in this category. This category can be used independently of the other categories, but it can also be used in combination with the other categories. For power domain NOMA, each power domain layer can in addition use any of the other category schemes [13]. This category can therefore add to scheduler flexibility. And the access scheme in this category can use for “asynchronous transmission”. On the other hand, “autonomous/grant-free/contention based transmission” is somewhat challenging because each grant-free based user has to know the location of other users. However, power domain NOMA is useful for grant based transmission.
From above discussion, “autonomous/grant-free/contention based transmission” and “asynchronous transmission” are important decision point for NR UL NOMA. We expect not only “autonomous/grant-free/contention based transmission” but also “asynchronous transmission” is useful for URLLC and mMTC use case because these use cases require reducing the signaling overhead to be lower latency and save the battery. If the asynchronous transmission is supported, it is possible to skip the RACH procedure and to reduce the signaling for timing advance adjustment.

In terms of supporting “autonomous/grant-free/contention based transmission”, “Short Spreading based” and “Long Spreading/Interleaver based” are reasonable, while “Non Spreading/Interleaver based” would be somewhat challenging. In terms of supporting “asynchronous transmission”, “Long Spreading/Interleaver based” and “Non Spreading/Interleaver based” are reasonable, while “Short Spreading based” cannot support. As mentioned above, it is best for NR to support the both of “autonomous/grant-free/contention based transmission” and “asynchronous transmission”, therefore we propose RAN1 should support at least the “Long Spreading/Interleaver based” NOMA. In addition, RAN1 should consider supporting the interleaver to reduce the correlation between users’ signals. On the other hand, “Non Spreading/Interleaver based” could be useful for scheduler flexibility not only independently usage but also combination with the other categories. So, we also propose RAN 1 could consider supporting “Non Spreading/Interleaver based” for grant-based NOMA.
Proposal 1
: RAN1 should support at least the “long spreading/interleaver based” NOMA.

Proposal 2
: RAN1 should consider supporting the interleaver to reduce the correlation between users’ signals.
Proposal 3
: RAN1 could consider supporting “Non Spreading/Interleaver based” for grant-based NOMA.
3 Conclusions
In this contribution, we have discussed the NR NOMA schemes. The following proposals are made.
Proposal 1
: RAN1 should support at least the “long spreading/interleaver based” NOMA.

Proposal 2
: RAN1 should consider supporting the interleaver to reduce the correlation between users’ signals.

Proposal 3
: RAN1 could consider supporting “Non Spreading/Interleaver based” for grant-based NOMA.
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