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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the first NR meeting RAN1#84bis, it has been agreed that NoMA should be investigated for diversified NR usage scenarios [1]. Throughout the whole Rel-14 SI, comprehensive link-level and system-level simulations have been performed by different companies to justify the gain of NoMA over OFDMA which is used as an OMA baseline. From the comprehensive simulation campaign, it has been agreed that for the evaluated scenarios, significant benefit of NoMA can be observed in terms of uplink link-level sum throughput and overloading capability, as well as system capacity enhancement in terms of supported packet arrival rate (PAR) at a given system outage level such as 1% packet drop rate (PDR) [1].
As agreed in Rel-15 NoMA SID, the simulation assumptions and the obtained observations should serve as a starting point for the continued study in the new SI. Taking such common understanding, this contribution further discusses the application scenarios for NoMA and how NoMA can potentially benefit in diversified usage scenarios. 
[bookmark: _Ref129681832]Discussion on NoMA SI targets
In the Rel-14 study, NoMA has been discussed for several meetings and 15 NoMA schemes are proposed, suggesting different ways to separate users by NoMA signature design at the transmit side and the advanced MU-detector design at the receiver side. However, due to the limited time, the scenario discussed is somehow constrained mainly for mMTC and there is no time to compare and identify the most beneficial component/feature design in the MA signatures. On the other hand, NoMA based GF transmission has been proposed in day one but the procedures are not fully discussed. 
The Rel-15 NoMA SI shall try to make up for the regret and extend the NoMA study to all possible ITU scenarios for NR applications (e.g., eMBB, URLLC, and mMTC) and evaluate the potential benefits in each scenario, respectively. Given the comprehensive LLS and grant-based SLS study in Rel-14, people now have better understanding and mostly aligned evaluation methodology, which is treasure to start with given the limited time budget. The extra work to perform is to define the scenario specific simulation parameters and target metrics/operations regions given by the scenario specific requirements. 
On the other hand, we shall also learn from the aspects in Rel-14 study that is not efficient enough. For instance, only until the last meeting of Lisbon (RAN1#86b), companies agree with some unified framework to study the NoMA transceiver design so that the studied common components/configurations can be better described and summarized in a systematic way. However, there was no time left for further discussion about the components as well as the options inside. In Rel-15, driving by the goal that we shall make recommendation on the components/configurations that could bring benefits for each scenario, it may be a good idea to begin with the end in mind and start from the unified framework to study NoMA for all scenarios with configurable components and parameters. 
Another thing worth mentioning is that, NoMA can bring multi-user multiplexing gain for both grant-free and grant-based scenarios. The difference is that in the grant-free transmission, fast link adaptation may not be preferred and the potential number of users multiplexed depends on the random traffic instead of the gNB scheduling. Note that for packet transmission with smaller TBS, or with low latency requirement and good reliability requirement, it might not be cost efficient or delay efficient to do fast link adaptation for every transmission occasion, but may for a set of transmissions. In this case, at least the link level simulations (LLS) can be similar for both grant-based transmission and grant-free transmission. From the Rel-14 and Rel-15 study, it is common understanding that grant-free will probably be the main transmission mode for mMTC and URLLC to save signaling overhead (and thus energy) and latency, respectively. While for uplink eMBB, both grant-based and grant-free transmission modes are applicable.
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Figure 1 Discussion on the target of Rel-15 NoMA SI.
As a summary, Figure 1 gives an illustrative view of the main targets of Rel-15. Scenario-specific evaluation under the guide of the unified framework is recommended. In this case, different schemes can use the same flow chart to present the design in the bit/symbol level operations. At the end, it is expected that the SI can show quantized NoMA benefits in each scenarios, recommend configurations in the NoMA transceiver framework for different scenarios, as well as the necessary procedures in each scenarios to facilitate NoMA transmissions. Note that the mMTC and URLLC scenarios contain some extreme requirements, while there are many use cases in between that eMBB may share similarity with. In this case, commonality among the scenario specific design is preferred whenever possible. 
Discussion on NoMA application scenarios
Compared to OMA, NoMA opens the horizon for a new angle of thinking. In particular, by relaxing the constraint of orthogonal radio resource allocation, the user scheduling problem constrained by the limited time and bandwidth resources is no longer a binary selection, but the optimization of joint power, code signature, and receiver design. As it has long been predicted by the network information theory, the total number of users served as well as the overall capacity of the system can be greatly improved in a NoMA network as compared with that of OMA network, especially when advanced multi-user detection algorithms are applied. Moreover, due to the non-orthogonal nature, the requirement of precise channel feedback and scheduling for multi-user multiplexing is thus reduced, or even removed in some scenarios. These benefits are common for all eMBB, URLLC, and mMTC scenarios. In the following, we discuss a little bit further on the scenario specific applications and potential benefits. 
mMTC
In NR mMTC usage scenario, it is targeted to support an extremely large number of connections from machine type communication devices, in the hope to open new services and opportunities besides the existing ones served by the current IoT technologies for the year 2020 and beyond. Traditional features such as low cost, low energy consumption and supporting coverage limited transmissions shall be kept at least for one category of mMTC devices. Meanwhile, comparatively higher throughput and low latency transmission capability together with large connection density are expected to fulfill the 5G goal of fully connected world with smart cities and smart building, etc. 
Given the limited bandwidth that would be allocated for mMTC, to support massive connectivity with certain throughput and latency requirement, high system spectrum efficiency is demanded, where NoMA is the perfect technology to serve the goal. At the beginning of Rel-14 NoMA study, some companies asked about the spectrum efficiency gain of NoMA in terms of Shannon capacity for a single user case, which, as commonly understood later, was not a most suitable question. The fundamental reason for NoMA to provide gain in mMTC scenarios is the improving in each user’s power efficiency in Eb/N0, usually by all kinds of spreading techniques, and then improving the total system spectrum efficiency by superposition a large number of users together. 
On top of the above benefit, when grant-free transmission is applied to further reduce signaling overhead, latency, and power consumption, NoMA can be integrated to enable more efficient grant-free transmission that is robust to resource collisions and channel uncertainties. 
URLLC
In a use case such as URLLC, high reliability and end-to-end low latency are the most important KPIs. It has been agreed that the grant-free transmission is a key enabler of low end-to-end latency. The interference caused by the possible collision in grant-free resources can be efficiently mitigated by NoMA transceiver design and therefore enabling more reliable grant-free transmission with larger capacity. 
The performance evaluations in Rel-14 SI [2] show that the target high reliability of 1-1e-5 can be achieved by NoMA based grant-free transmissions. In particular, compared with OFDMA based grant-free transmission, with the same number of repetitions, higher reliability can be achieved by NoMA enabled grant-free transmission. Equivalently, it implies that with less number of repetitions, the same reliability can be achieved by NoMA based grant-free transmissions, resulting in higher system capacity in terms of successfully served URLLC users with the same bandwidth allocation. 
In addition, to improve the overall system resource utilization, it is possible to apply NoMA to enable the multiplexing of eMBB and URLLC in the uplink. 
eMBB
In eMBB usage scenario, high spectrum efficiency with a larger user density is considered very important KPIs. From an information theoretic point of view, NoMA transmission has superior capacity compared to OMA and therefore NoMA is a valid candidate to improve the system capacity for eMBB scenario. On the other hand, NoMA in uplink can help reduce the user scheduling complexity and latency for delay sensitive transmissions, compared with OMA case.
Moreover, for small packet transmissions or low latency packet transmission, overhead and latency reduction are also important issues to be addressed, where, the grant-free transmission technology can be applied and share the design similarity as that for mMTC and/or URLLC. In this case, again, NoMA can bring performance enhancement with robust and large capacity multi-user multiplexing.
In addition, NoMA can also benefit downlink eMBB transmission by relaxing the requirement of precise channel state information with open-loop multi-user multiplexing transmission. Though this part is not the focus of the NoMA SI, it may be further studied in later Releases.
[bookmark: _GoBack]Table 1 summarized the application scenarios and potential benefits of NoMA for each of them. 
Table 1: The motivation and potential benefit of NoMA in different usage scenarios
	Usage Scenario 
	Motivation
	Potential benefits

	mMTC 
	· Massive connections 
· High power efficiency
	· Higher connection density with high overloading
· Robust and high capacity grant-free transmission 

	URLLC 
	· High reliability
· Low latency
· Multiplexing with eMBB traffic
	· Higher reliability through diversity gain achieved by spreading and coding 
· Robustness to collision by carefully designing the MA signatures
· Higher capacity grant-free transmission
· Ability to multiplex mixed traffic types 

	eMBB 
	· High spectrum efficiency 
· High user density 
· Uniform user experience
	· Larger capacity region by non-orthogonal user multiplexing 
· Robustness to fading and interference with code-domain design
· Efficient link adaptation with relaxed CSI accuracy
· Fast and low complexity user scheduling



Discussion on configurable NoMA design framework 
As discussed above, also based on the agreement in RAN1 #86bis, all proposed non-orthogonal MA schemes for UL transmission and reception on a high level follow the basic diagram given in Figure 2. 
Following this diagram, at the transmitter side, we may have bit-level operations including FEC and bit-level interleaver/scrambler, and symbol-level operations including modulated symbol sequence generation and symbol-to-RE mapping. Furthermore, at the receiver side, a multi-user detector facilitates the decoding of the signals received from multiple users. 
The unified framework can be used for the study of all scenarios with configurable components and scenario specific parameters that captures diversified requirements [3]. 
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Figure 2 Unified framework for NoMA transceiver design.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, the target of the SI study, as well as the motivations and potential benefits of NoMA application in diversified usage scenarios are discussed, wherein, we have the following proposal. 
Proposal: In Rel-15 NoMA SI, NoMA transceiver design should be studied for all 5G usage scenarios including eMBB, URLLC, and mMTC and evaluated with LLS and SLS.
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Appendix
In Rel-14 SI, a lot of valuable observations and agreements towards the non-orthogonal multiple access (NoMA) study and evaluations in different aspects. 
The major agreements and observations in the last two meetings in Rel-14 MA study are listed below, while the agreed evaluation parameters for both LLS and SLS can be find in [1] (section 9 and appendix) and also [4, 5].
Agreements in RAN1#84bis [6]:
1. Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases
1. At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

Agreements/Observations  in RAN1#86 [7]:
1. NR should target to support non-orthogonal multiple access in UL at least for mMTC. 

1. 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)
3. Sparse code multiple access (SCMA) (e.g., R1-162153)
3. Multi-user shared access (MUSA) (e.g., R1-162226) 
3. Low code rate spreading (e.g., R1-162385) 
3. Frequency domain spreading (e.g., R1-162385)
3. Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517) 
3. Non-orthogonal multiple access (NOMA) (e.g., R1-163111) 
3. Pattern division multiple access (PDMA) (e.g., R1-163383) 
3. Resource spread multiple access (RSMA) (e.g., R1-163510)
3. Interleave-Grid Multiple Access (IGMA), (e.g., R1-163992)
3. Low density spreading with signature vector extension (LDS-SVE) (e.g., R1-164329)
3. Low code rate and signature based shared access (LSSA), (e.g., R1-164869) 
3. Non-orthogonal coded access (NOCA), (e.g., R1-165019)
3. Interleave Division Multiple Access (IDMA), (e.g., R1-165021)
3. Repetition division multiple access (RDMA), (e.g., R1-167535)
3. Group Orthogonal Coded Access (GOCA), (e.g., R1-167535)

1. For calibration purpose ONLY: 
4. For ML-type receiver, the PHY abstraction method discussed R1-168076 can be used at least for some MA schemes 
0.  If a different PHY abstraction method is used by a company, it has to be stated clearly and individually verified 
4.  Otherwise, the PHY abstraction method is up to each company 
1.  The PHY abstraction method is to be stated and individually verified by each company 
1.  For evaluation purpose, PHY abstraction method is up to each company 
5.  A same method is used for calibration and evaluation by a given company, unless a single method can be agreed in RAN1 during evaluation phase

Agreements/Observations in RAN1 #86bis [8]:
1. Capture the following observations in the TR 
6. All proposed non-orthogonal MA schemes for UL transmission share the following common features: 
0. At the transmitter side: using MA signature(s) 
0. At the receiver side: allowing multi-user detector 
6. All proposed non-orthogonal MA schemes for UL transmission on a high level follow the following basic diagram. Note that the basic diagram is not intended to capture all the details or to be a complete diagram.  
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1. For calibration purpose ONLY, The PHY abstraction method described in slides 5-7 of R1-1610626 can be used for SLS of some MA schemes that use MMSE-SIC/PIC receiver.
7. Companies are encouraged to provide link level simulation results for different combinations of MCS and # of UEs for further verification
1. The physical layer abstraction methods in R1-168076 and slides 5-7 of R1-1610626 can be used for MA system-level evaluation with individual verification by each company
1. The candidate PHY abstraction methods should be referred in TR 38.802 by using the two reference documents (R1-168076 and R1-1610626)

1. Based on LLS results summary 
10. Non-orthogonal MA, in some of the evaluated scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability with ideal and realistic channel estimation. 
10. Some non-orthogonal MA results combined with narrowband and/or repetition operations can reach -164 dB MCL @160bps data rate, which meets the coverage requirement for NR. 
10. Non-orthogonal MA schemes using an advanced receiver have little or no performance loss due to MA signature (except RS) collision. 

1.  Based on system-level simulation results summary 
11. All simulated non-orthogonal MA schemes with grant-free with advanced receivers provide significant system capacity gain in terms of PAR at given system outage (e.g, 1% target packet drop rate), compared to a respective grant-free reference scheme assumed by each company 
11. Evaluation simulators have been calibrated with agreed simulation assumptions (R1-1609442) 
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