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1 Introduction
NOMA is considered to overcome high requirements of 5G wireless communication, especially for spectral efficiency, cell throughput and massive connectivity. Beyond the LTE MUST, the NR NOMA [1] considers many other signal design and processing schemes including support on the uplink. In RAN1 #86 [2], following observations and agreement were made.
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In this contribution, we focus on the scenario of the uplink with multiple users having different accessibility to NOMA. More specifically, we consider the scenarios of NOMA of UEs with some of them does not having the NOMA feature. The proposals can be extended to downlink NOMA also.
2 NOMA scenarios

In a NOMA supporting cell, each connected UE has different characteristic and in different circumstance, like UE capability and channel quality. Based on these information, BS will determine the uplink signal; coding rate, modulation, transmission power, and any operations related with NOMA in the boundary of UE capability. Basically, there are three different combinations of multiple UEs.

(1) All participating UEs support NOMA transmission.

(2) One UE does not support NOMA transmission, while others do.

(3) Two or more UEs do not support NOMA transmission.

If the BS supports NOMA receiving, UEs in (1) can share the same REs. If some specific design is applied, UEs in (2) and (3) also may be able to share the same area of REs. With the well-optimized design, the total cell throughput [image: image3.png]


 in the same channel circumstance satisfies the following, while [image: image5.png]


 represents the situation with individual transmission without resource sharing and [image: image7.png]


 represents the situation with the scenario (x).
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3 Accessibilities of each scenario
When the NR NOMA scheme provides [image: image10.png]C(N) < C(M3) = C(M,) = C(M,)



, it says implicitly that the NOMA scheme supports the sharing of REs among UEs even for UEs do not support the NOMA transmission. To do this, the signal of one user must be configured to have resilience for the noise of which the power is the sum of external noise and other UEs’ signal power. In this case, the total energy efficiency may be lower than the individual transmission, since one user need to transmit with significantly larger power or resource usage.

When the NR NOMA scheme provides [image: image12.png]C(N) =C(M3) < C(M,) < C(M,)



, it says that the NOMA scheme supports the sharing of REs between UEs with a UE that does not support the NOMA transmission. One of solutions is that the NOMA supports noise-level transmission that can be regarded as ordinal noise to another UE that does not support NOMA.

The NR NOMA scheme providing [image: image14.png]C(N) =C(M3)=C(M3) < C(M,)



 is the most ordinary approach. Under this approach, the NOMA system can be easily established since UEs without NOMA feature do not participate NOMA transmission, that is, no additional consideration is needed. This is also the most intuitive, however, the total cell throughput increase is the lowest when few UEs support NOMA transmission. This indicates our first proposal.

Proposal 1: The NR NOMA scheme is designed to support maximizing the cell throughput.

From this proposal, we give another proposal that is subordinate to Proposal 1.
Proposal 2: The NR NOMA scheme provides [image: image16.png]C(N) = C(M3) < C(M,) = C(M,)



.
Proposal 2 says that the NR NOMA supports maximal accessibility, that is, as many UE pairs can be combined by NOMA transmission as possible. Note that Proposal 2 is not the precise expression of Proposal 1. The scheme providing [image: image18.png]C,(N) =C,(M;) < C,(M,) < C,(M,)



 may give worse cell throughput than the scheme providing [image: image20.png]C,(N) = C,(M;) = C,(M,) < C,(M,)



 when [image: image22.png]C,(M;) >» C,(M,)



. That is, detailed comparisons considering each scenario are required for the optimized design of NR NOMA feature.

When two solutions with [image: image24.png]C,(M,) > C,(M,)



 but [image: image26.png]C,(M,) < C,(M,)



, we can consider adopting two NOMA schemes. Adopting even more scheme also can be considered when some another scheme provides [image: image28.png]Cy(M;) > C,(M;)



 and [image: image30.png]Cy(M;) > C,(M;)



. This gives our final proposal.

Proposal 3: Consider adopting multiple NOMA schemes optimal for only partial UE-combining scenarios.
The same approach can also be applied to downlink. Unlike the uplink, only the UE with lower channel capacity can participate NOMA reception when other UEs do not support NOMA, since the NOMA UE need to decode and exclude the other UE’s signals. Beneath these restriction, support of RE sharing between NOMA UE and non-NOMA UE may give advantages to the total cell throughput.
4 Summary
This contribution gives the following proposals about the NR NOMA feature.
Proposal 1: The NR NOMA scheme is designed to support maximizing the cell throughput.

Proposal 2: The NR NOMA scheme provides [image: image32.png]C(N) = C(M3) < C(M,) = C(M,)



.
Proposal 3: Consider adopting multiple NOMA schemes optimal for only partial UE-combining scenarios.
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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


Agreement:


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








