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1. Introduction
In RAN #75 meeting, the new SID on 5G Non-orthogonal Multiple Access (NoMA) was approved [1]. In the  new SID, NoMA is suggested as an generic scheme that can be applied to both grant-based and grant-free transmission and may encompass a variety of use cases or deployment scenarios, including eMBB, URLLC, mMTC etc. So what are potential benefit scenarios and what are the optimization targets and design principles under different targeting scenarios for Rel-15 NoMA? In this contribution, we present our some considerations on the above problems in order to facilitate the following detailed NoMA scheme discussion.
2. Discussion on the NoMA design targets under different scenarios
In the first NR meeting RAN1#84bis, it was agreed that NoMA should be investigated at least for mMTC usage scenario. In addition to the mMTC scenario, the feasibility of NoMA for other scenarios should also be identified. Table 1 summaries some typical deployment scenarios and their key characteristics [2]. Besides, the design targets under different usage scenarios are also presented. Based on the description of each NoMA beneficial deployment scenario, the constraint and potential benefits are also summarized in Table 1.
Table 1 Summary of the design target, constraint and potential benefit of NoMA in different scenarios.
	Usage Scenario
	Typical Deployment Scenario & Key characteristic
	Design Target
	Constraint
	Potential Benefits of NoMA
(compared with OMA)

	eMBB
	Dense urban
(It focuses on TRP with or without micro TRP and high user densities and traffic loads in city centers and dense urban areas.)

High traffic loads, outdoor and outdoor-to-indoor coverage. 
	User experienced data rate (resource limited)
	Coverage
	Larger rate region [3] / higher spectrum efficiency
Relaxed dependency of CSI accuracy for MU-MIMO

	
	High speed

(It focuses on continuous coverage along track in high speed trains.)

Consistent passenger user experience and critical train communication reliability with very high mobility. 
	User experienced data rate

[Reliability]

Coverage

Mobility

Spectrum efficiency (including TRxP & 5% user, resource limited)
	Coverage

mobility
	

	URLLC
	Urban grid for connected car
(It focuses on highly deployed vehicles placed in urban area.)

Reliability/availability/latency in high network load and high UE density scenarios.
	Reliability/Latency
	Latency / reliability
	Robustness, lower latency and more transmission opportunities by grant-free 
NoMA can facilitate grant-free transmission as a collision resolution method


	mMTC
	Urban coverage for massive connection

(It focuses on large cells and continuous coverage)

Continuous and ubiquitous coverage with very high connection density of mMTC  devices.
	Connection density
	Coverage
(including the extreme coverage)
Energy efficiency
	Higher connection density with high overloading

Lower signalling overhead and power consumption by grant-free access




Based on the above summary of optimization targets and potential benefits of NoMA, we can find that different optimization problems should be considered for the NoMA scheme design under different scenarios. In other words, we will face different challenges under different scenarios. The optimization metrics under different scenarios for NoMA design should be clearly identified. How should we design and optimize the NoMA schemes according to different optimization targets is the first open problem that we want to address. 
Proposal 1: The NoMA design targets under eMBB, URLLC and mMTC scenarios are user experienced data rate, reliability under certain latency requirement and connection density, respectively. The performance gain of NoMA versus OMA under the targeting scenarios should be evaluated.
3. Considerations on NoMA design principles 
Before fall into the detailed NoMA schemes discussion, we are more willing to give our some considerations on NoMA design principles from the point of deployment requirement and fair performance comparison.
Grant-free NoMA is widely discussed for the potential benefit of high connection density, low signaling overhead and high energy efficiency in the mMTC and eMBB small packet size scenario. And it can also facilitate the reliability and latency performance in the URLLC scenario due to the more numbers of transmission opportunities and no need to wait the grant signaling. However, discussion on the grant-based NoMA is hardly found in literature. In fact, there is no strong binding relationship between NoMA and grant-free/grant-based transmission. The grant-based NoMA also has its use cases, e.g. uplink eMBB for medium or large bursty packet size deployment scenarios for boosting the system spectrum efficiency, URLLC scenario with high reliability and fairness but relatively relaxed latency requirement and etc.
Besides the NoMA scheme and grant-based/grant-free transmission combination should be designed flexibly. The NoMA scheme itself should also be designed as a generic technology targeting for a variety of scenarios, not just for a particular scenario, e.g. mMTC. And the flexibility for different identified scenarios should not rely on the adaptive configuration of multiple NoMA schemes considering the system complexity and the realistic performance gain relative to the optimized NoMA scheme.
Proposal 2: The NoMA scheme should be designed flexibly enough for different identified targeting scenarios. And this principle should not only rely on the adaptive configuration of multiple NoMA schemes.
Considering the OMA is already the baseline MA scheme for NR and the NoMA in narrow sense maybe not suitable for all deployment scenarios, e.g. the low system traffic load case, the adaptation between OMA and narrow sense NoMA should be supported efficiently when the NoMA scheme is designed. In other words, the OMA should be included as a special case of generalized NoMA.
Proposal 3: The adaptation between OMA and NoMA should be supported efficiently when the NoMA schemes are designed.
The approximate complexity analysis of some common receivers for NoMA is provided in [4]. Based on the analysis in [4], we enrich analysis of the order of complexity for different receiver types. The key parameters are listed by Table 2 and the approximate complexity analysis result for MMSE, MMSE-SIC, MPA, SIC-MPA and ESE are summarized in Table 3. Although the detailed number of calculations depends heavily on the choice of specific hardware implementations and only dominate part are considered in Table 3, this is still a good example. The accurate complexity analysis of the receiver corresponding to the NoMA transmitter scheme can be reported by each company for future performance comparison, respectively.
Table 2: Key parameters in the complexity order analysis.
	Parameters
	Description
	Example values
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	Number of receiver antennas
	2, 4, 8, etc.
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	Spreading length of a spreading block
	4, 8, etc.
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	Number of users/layers
	UL: 6, 12, etc.
DL: 2, 3, etc.
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	Including inner-loop and number of MPA rounds
	6, 9, 18, etc.
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	degree-of-freedom of  FN i in full-MPA implementation, representing the number of symbol collisions on the ith RE in the spreading block
	3, 6, etc.
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	Maximum degree-of-freedom allowed in SIC-MPA receiver, representing the maximum number of symbol collisions left for MPA decoding in the SIC-MPA receiver
	1, 2, 3, etc.
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	Number of constellations of a modulation scheme
	2(BPSK),4 ( QPSK)

16 (QAM)


Table 3: Summary of complexity analysis of different receiver types.
	Receiver Type
	Operation Complexity Order per spreading block

(Only dominant part considered)

	MMSE
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	MMSE-SIC
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	MPA 
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	SIC-MPA
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	Serial ESE
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Proposal 4: The receiver complexity should be specified when the performance of different NoMA schemes are compared.

4. Conclusions
In this contribution, we discuss some fundamental issues on Rel-15 NoMA SI. Firstly, we summarize some typical deployment scenarios and its characteristics. Based on the description of each deployment scenarios, we give the design targets, constraints and potential NoMA benefits under different scenarios, respectively. And then we discuss the NoMA design principles from the point of deployment requirement and fair performance comparison. The key points are the flexibility and generality for NoMA design and fairness for performance comparison. According to the above discussions, we would like to put forward the following proposal:
Proposal 1: The NoMA design targets under eMBB, URLLC and mMTC scenarios are user experienced data rate, reliability under certain latency requirement and connection density, respectively. The performance gain of NoMA versus OMA under the targeting scenarios should be evaluated.
Proposal 2: The NoMA scheme should be designed flexibly enough for different identified targeting scenarios. And this principle should not only rely on the adaptive configuration of multiple NoMA schemes.

Proposal 3: The adaptation between OMA and NoMA should be supported efficiently when the NoMA schemes are designed.

Proposal 4: The receiver complexity should be specified when the performance of different NoMA schemes are compared.
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