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1 Introduction
A Rel-15 study item on non-orthogonal multiple access (NOMA) for NR was approved in March 2017 [1] based on initial study in Rel-14 NR SI. The SI was planned to be started from Q3 2017 but was put on hold until December 2017 in order to allow more time for NR Rel-15 normative work.
In this contribution, we summarize Rel-14 NOMA related work and share our views on Rel-15 NOMA SI. 
2 Discussion
2.1 Rel-14 NOMA work summary

In Rel-14 SI, UL NOMA was extensively discussed with 15 NOMA schemes proposed until RAN1#86 meeting.
· 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)

All proposed NOMA schemes for UL transmission use MA signature(s) at the transmitter side and allow multi-user detector at the receiver side 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

A high level basic diagram for all proposed NOMA schemes was agreed as follows.
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Figure 1: UL NOMA scheme basic diagram
Both link-level and system-level simulations were carried out with results captured in TR38.802 [2]. Based on LLS, it was observed that NOMA, in some scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability. Based on SLS, it was observed that NOMA with grant-free with advanced receivers provide significant capacity gain in terms of packet arrival rate at a given system outage (e.g. 1%).
Based on the discussions and evaluation results, it was agreed that NR should target to support UL non-orthogonal multiple access and UL grant-free at least for mMTC.
2.2 Rel-15 NOMA SI
Rel-14 agreements and observations should still hold in Rel-15 NOMA SI. Due to lack of time, cross comparison between different NOMA schemes was not carried out and the evaluations in Rel-14 did not cover all the potential use cases which should be continued in Rel-15 SI. The evaluation assumptions, metrics, methodologies in Rel-14 study should be followed when applicable.
2.2.1 Use scenarios
In addition to mMTC, which has already been agreed as one use scenario for UL NOMA, NOMA can bring potential benefit for URLLC and eMBB small packet as well.
For URLLC, grant-free UL transmission is currently being standardized in Rel-15 NR. UE can be configured with dedicated time-frequency resources to guarantee high reliability. However, the spectrum efficiency is low when the traffic is unpredictable. If time-frequency resources are shared by multiple users which increase the spectrum efficiency, system performance with orthogonal MA is unclear. NOMA can potentially improve the performance in case when multiple UEs transmit on the same time-frequency resource at the same time.
For eMBB small packet, NOMA can potentially increase sum throughput and reduce latency and overhead combined with grant-free transmission.
Therefore, in Rel-15 SI, NOMA should be evaluated for mMTC, URLLC and eMBB small packet scenarios.
Proposal 1: In Rel-15 NOMA SI, NOMA schemes should be evaluated for mMTC, URLLC and eMBB small packet scenarios
2.2.2 Design targets and evaluation methodology
As the requirements for mMTC, URLLC and eMBB are different, different design targets and KPIs should be applied to different usage scenarios. For mMTC, KPIs include connectivity density with “connection efficiency” and coverage. For URLLC, KPIs are latency, reliability and system capacity with given latency and BLER. For eMBB small data, KPIs are BLER and system capacity.
In order to evaluate the benefit of NOMA in various usage scenarios such as eMBB, URLLC, mMTC, both link-level and system-level evaluations should be considered. In terms of the evaluation methodology, we can take the agreement in Rel-14 as starting point as summarized in section 9 of TR38.802 [2]. For mMTC, LLS should focus on realistic channel estimation, collision of NOMA signature, and SLS should focus on realistic modeling of channel estimation error, power control accuracy and collision of NOMA signature. For URLLC, evaluation methodology from Rel-14 NR SI should also be considered as baseline, where latency and reliability are the important KPIs for URLLC. For eMBB small data, evaluation methodology and appropriate traffic model should be discussed.
Proposal 2: Rel-14 evaluation methodologies and metrics should be used as starting point with different KPIs for different scenarios.
2.2.3 Tx/Rx design
Figure 2 shows NOMA Tx/Rx design diagram with some options to each component at the transmitter side. 
The data from different users are first encoded by forward error correction (FEC) channel encoder, and then operated by bit-level interleaver/scrambler, and then operated by Modulation Symbol Sequence Generator, and Symbols to RE Mapping and finally modulated by FFT. For all NOMA schemes, FEC and OFDM operation are the same. As depicted in Figure 2, the differences among various MA schemes lie in the different realization of three component blocks: 1) bit-level interleaver/scrambler; 2) modulated symbol sequence generator; 3) symbol to RE mapping. A NOMA scheme may configure all or a subset of the component blocks. We propose to describe a specific NOMA scheme by using unified framework, as it can provide a common platform for easier understanding of each NOMA scheme and its benefits. Therefore, this will accelerate the progress in the NOMA SI.
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Figure 2: Illustration of Configurable components under the unified framework at transmitter and receiver side.
As depicted in Figure 2, different NOMA schemes may use different detection algorithms at the receiver side: MMSE, SIC, MPA (SIC-MPA/EPA), ESE, which were all proposed during the Rel-14 SI. Advance receivers can achieve the potential gain of NOMA for a good trade-off between the performance and the receiver complexity. Therefore, we propose that further study should focus on performance considering the application scenario, receiver complexity, and Link-to-system (L2S) performance mapping for each receiver. Figure 3 shows some examples of advanced receivers that can be used for further NOMA study.
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(a) MMSE-SIC
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Figure 3: Examples of typical receiver structures for multi-user detection in NOMA
Proposal 3: NOMA schemes should be studied under unified framework.

3 Conclusion 
In this contribution, we summarized NOMA Rel-14 work and shared our considerations on Rel-15 NOMA SI with following proposals.
Proposal 1: In Rel-15 NOMA SI, NOMA schemes should be evaluated for mMTC, URLLC and eMBB small packet scenarios.
Proposal 2: Rel-14 evaluation methodologies and metrics should be used as starting point with different KPIs for different scenarios.
Proposal 3: NOMA schemes should be studied under unified framework.
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