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Introduction
In RAN #75 meeting, the study item on non-orthogonal multiple access for NR has been approved [1].
This study will further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later. 
Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. The detailed objectives are to study the following:
1 non-orthogonal multiple transmission scheme
1.1 Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:
· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.
· Coded bit level processing including interleaving and/or scrambling, etc.
· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.
1.2 Receivers for non-orthogonal multiple access: [RAN1, RAN4] 
· MMSE receiver, successive/parallel interference cancellation (SIC/PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver, or other receivers
· The study should consider performance, receiver complexity, etc.
1.3 Procedures related to the non-orthogonal multiple access  [RAN1]
· 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
1.4 Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14. The benchmark for comparison is OFDM contention based multiple access. Realistic modelling of Tx/Rx impairment including potential PAPR issue, channel estimation error, power control accuracy, collision, etc. should be considered. [RAN1]
· Traffic model and Deployment scenarios of eMBB (small packet), URLLC and mMTC
· Device power consumption
· Coverage (link budget)
· Latency and signalling overhead 
· BLER reliability, capacity and system load
· Physical abstraction (link-to-system mapping model)
Note: targeting common solution for mMTC, URLLC and eMBB small packet.
In this contribution, the issues regarding the non-orthogonal multiple access for the new study item are discussed, like the targets scenarios, design targets and key design aspects. 
This is a resubmission of “R1-1720365”.
Discussion
In the NoMA study of Rel-14 NR study item, companies were more focusing on the grant-free/contention based NoMA while the related procedures were discussed together with the 15 proposed multiple access schemes. At the end, the general frame work (as shown in Fig. 1), definitions, evaluation assumptions and some of the simulation results are captured in the TR38.802 [2]. In this NR Phase I study item, one of the main conclusion is that NR targets to support NoMA at least for UL mMTC, and the issues on eMBB and URLLC were rarely discussed. 
[image: ]
Fig.1 - High level block diagram for UL non-orthogonal MA schemes
As described in the Phase II SID, the re-start of NoMA study should use the agreement, evaluation assumptions from the previous SI as much as possible, to re-utilize the effort all the companies spend before. 
Targets scenarios
In the previous SI, companies are mainly studying on the massive machine type communication cases, as it might be easily to be justified that such use case requires high connection density with limited bandwidth, and usually the MTC type data rate is not very high. These features all adding together make the NoMA is very attractive to the mMTC use scenarios. 
However, for the other two NR use cases, eMBB and URLLC. As noted in the NoMA SID, the new SI is targeting to have a common solution for all three use scenarios: mMTC, URLLC and eMBB small packet. Thus, the need of NoMA for eMBB and URLLC should be analyzed.
For eMBB, the main design target is the data throughput, i.e., the peak data rate will be as high as 20Gbps and the cell edge UE data rate could be as high as 100Mpbs. On one hand, multi-layer aided NoMA design could provide the method of increasing the data rate. On the other hand, some design of the NoMA schemes containing the sparsity feature can provide a certain level of inter-cell interference cancelation for cell edge users. Meanwhile, when considering the small data transmission in eMBB, the advantage of multi-user multiplexing may help to increase the spectrum efficiency for the given time/frequency resource. 
For URLLC service, the main requirement is the ultra-reliability and the low latency. In this case, the justification on the advantage of NoMA over orthogonal multiple access is needed. For example, OMA could provide grant based/contention free data transmission while grant free NoMA is trying to facilitate the data transmission without scheduling signaling in order to reduce the signaling delay. Moreover, the low coding rate can provide reliable transmission when applying NoMA but this may result in the need of advanced receiver to deal with multi-user interference. 
Observation 1: it’s easy to see that mMTC among all three use cases is of most interests to NoMA.
Design targets
As discussed in the SID, the new NoMA study could target to have a common solution for all three use cases, such that the corresponding design targets need to be identified. Some possible design targets are listed below.
User capacity enhancement: similar to the requirement of mMTC, one million connections per km2. From our point of view, using both bit level interleaving and/or symbol level grid mapping could provide numerous user distinguish identities, i.e., interleavers and/or grid mapping patterns.
Coverage enhancement: 164db MCL with 160 bps data rate. To support such feature, the integration with low PAPR design and the low coding rate for data transmission could be utilized.
Spectrum efficiency enhancement: especially for cell edge UE, nearly 30% improvement compared with that of OFDMA. The sparsity feature, e.g., sparse mapping, could help to deal with inter-cell interference. Further utilization of interleaving could randomise the interference as well.
Latency & battery life enhancement: 10 years with UL 200 bytes per day followed by 20 bytes DL from MCL of 164dB and less than 10s with 20 bytes package at 164dB MCL. This might need more procedure-wise design, like less bulky access and scheduling. 
Key design aspects
Overall, the work scope of the NoMA study could include design of transceiver, evaluation and related procedure. For transmitter side, e.g., to study and identify essential technical components to gain the potentials of NoMA, using bit level processing incl. interleaving and/or scrambling, etc. and symbol level processing, incl. sparse mapping, interleaving. Besides, low PAPR operation design, DMRS capacity enhancement should also be considered.For the receiver study point of view, receiver modeling and implementation complexity study is needed and also studying on the impact of implementation impairments. It may helpful to identify reference receiver for comparative study, for example, using either SIC or JD receiver or the combination of SIC and JD receiver.In the aspects of evaluation, we think more practical modelling is necessary, like accurate PHY abstraction, traffic model, realistic channel estimation and TX/Rx impairment (e.g. T/F offset). Besides, naturally comparative evaluation with OFDMA also be helpful to identify the benefits of NoMA Scenario dependent metrics of both LLS and SLS may also be useful to quickly show the advantage of NoMA in each scenarios. Moreover, many related procedure design aspects are needed to be considered, such as grant-free vs grant-based, HARQ process, possible link adaptation, synchronous or asynchronous operation and adaptation between orthogonal and non-orthogonal multiple access etc.
Among above general work scope, some key design aspects are identified. 
Unified framework: currently 15 NoMA schemes are presented in 3GPP thus a unified framework that contains properties/components from multiple schemes may facilitate discussion for convergence. Using the diagram in TR is a good starting point. 
Common ingredients: for example, low coding rate by using spreading and repetition, or purely low code rate; low user correlation by scrambling or interleaving; low density by sparse mapping. 
Unified DMRS design: the DMRS capacity is also a key issue for NoMA study. The enhancement of DRMS capacity seems needed as the supported UE number is increasing and multiple UE will transmit at the same time. The orthogonal DMRS design could be a starting point and can be extended to non-orthogonal DMRS design.
Common receiver structure: based on current proposals from companies, basically two kinds of receivers can be used for NoMA, i.e. SIC and joint detection with iterative decoding. Identifying a common receiver structure is desirable for comparative evaluation.
Conclusion
In this contribution, we discussed the consideration regarding the non-orthogonal multiple access for the new study item are discussed, like the targets scenarios, design targets and key design aspects.
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