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1. Introduction
In RAN #75 meeting, the new SID on 5G Non-orthogonal Multiple Access (NoMA) was approved [1]. Some agreements had been reached in the discussion for multiple access schemes of R14 NR study item Naturally, these agreements should be served as the starting point due to the limited time unit for Rel-15 NoMA SI. Besides, there are still some open issues that we want to address before the formally on-line discussion of NoMA SI in 3GPP.
2. Discussion on the NoMA optimization targets under different scenarios
In the first NR meeting RAN1#84bis, it is 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]. Based on the description of each typical deployment scenario, the optimization targets are also captured in Table 1. 

Table 1 Summary of the optimization target and potential benefit of NoMA in different scenarios.
	Usage Scenario
	Typical Deployment Scenario & Key characteristic
	Optimization Target
	Potential Benefits of NoMA
(compared with OMA)

	eMBB
	Indoor hotspot

(It focuses on small coverage per site/TRP and high user throughput or user density in buildings)

High capacity, high user density and consistent user experience indoor
	User experienced data rate

Area traffic capacity

Spectrum efficiency (including TRxP & 5% user)
	Larger capacity region [3] 
Relaxed dependency of CSI accuracy
Better fairness under the same system target spectrum efficiency
Better coverage under the same fairness requirement

	
	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. 
	Spectrum efficiency (including TRxP & 5% user, resource limited)
Area traffic capacity

User experienced data rate
Coverage
	

	
	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)
	

	
	Urban macro & Rural
(It focuses on large cells and continuous coverage.)

Continuous and ubiquitous coverage. 
	Coverage
Mobility (need to support high speed vehicles in rural)
	

	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
Spectrum efficiency (including TRxP & 5% user, resource limited)
Or Capacity C(R, L) defined in terms of Y% of UEs in a cell operate with target link reliability R under L latency bound
	Higher reliability under the same fairness requirement
Robustness, lower latency and more transmission opportunities by grant-free 

Non-orthogonal multiplexing of URLLC and eMBB

	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

Non-orthogonal multiplexing of mMTC and eMBB


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 scenario. How should we design and optimize our NoMA schemes according to different optimization targets is the first open problem that we want to address. 
Proposal 1: The optimization metric under different scenarios for NoMA design should be clearly identified.
3. Discussion on the unified MA framework
In RAN1 #86bis meeting, all proposed NoMA schemes for UL transmission can be abstracted as the following the basic diagram given in Fig. 1:
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Fig. 1 Unified framework for NoMA transceiver design.
We can break the above basic diagram into some building blocks. In detail, the basic diagram includes two level operations that they are bit level operations and symbol level operations. The bit level operations include the FEC and the bit level interleaver / scrambler two building blocks. And the symbol level operations include the modulated symbol sequence generator and the symbol-to-RE mapping two building blocks. Because the FEC and IFFT modules are the common part in each NoMA schemes, they are not to be optimized as the building blocks in the Rel-15 NoMA SI. Moreover, in view of a deep insight to different NoMA scheme features by the unified MA framework, we want to put forward the following proposal.
Proposal 2: The unified MA framework agreed in RAN1 #86bis should be considered as the NoMA SI discussion starting point. And the building block based performance evaluations are more preferred.
4. Discussion on the targeting scenario of grant-based and grant-free NoMA 
Grant-free NoMA is widely discussed for the potential benefit of high connection density, low signaling overhead and high energy efficiency in the mMTC 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.
Proposal 3: The targeting scenarios for grant-based NoMA and grant-free NoMA should be identified.
5. Discussion on NoMA LLS performance evaluation
In RAN-1 #86bis meeting, the NoMA LLS results are summarized. The specified NoMA LLS simulation assumptions are captured in the attachment excel file in [4]. Besides, the LLS assumptions for calibration purpose among different companies are also discussed in NoMA 3rd workshop. Based on the above references, considering the latest agreements in 3GPP NR discussion [4] and practical deployment requirements, our suggestions on the NoMA LLS assumptions are listed as below.
Table 2: NoMA LLS assumptions for performance evaluation
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values reported

	Carrier Frequency
	2 GHz
	2 GHz
	2 GHz
	

	Waveform 

(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point
	

	Numerology 

(data part)
	SCS = 15 kHz, #OS = 14
	SCS = 30 kHz
#OS = 7
	SCS = 15 kHz

#OS = 14
	

	Allocated bandwidth
	X1 PRBs as baseline for single-tone, 
X2 PRBs as baseline for multi-tone.
	X3 PRBs as baseline
	X4 PRBs as baseline
	The value of X1, X2, X3 and X4 are need to be specified by joint consideration of data rate, packet size and design targets under different scenarios.


	Target per UE spectral efficiency 
	[0.1-0.5] for normal coverage, [0.01-0.1] for extended coverage
	[0.1-0.5]
	[0.1-0.5]
	The same total spectral efficiency (per UE SE * number of UEs) for non-orthogonal MA and OFDMA baseline.

Company reports the MCS.

Without short-term (per TTI) MCS adaptation.

	Target BLER for one transmission
	10%
	0.1%
	10%
	

	The max number of HARQ transmission or repetition
	1
	4
	1
	

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies. 
	To be reported by companies
	To be reported by companies
	For OFDMA baseline, either simulate 1 UE per PRB (FDM for multiple UEs) and increase the MCS (per UE SE) accordingly, or keep the same number of UEs and MCS (resource collision is allowed).

	BS antenna configuration
	2Rx as baseline

4Rx as optional
	2Rx  as baseline

4Rx as optional
	2Rx  as baseline

4Rx as optional
	

	UE antenna configuration
	1Tx  
	

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h
	

	Max number of HARQ transmission
	1 as baseline
	1

	Channel estimation
	Realistic channel estimation, 

Ideal channel estimation results should also be reported 
	

	MA signature allocation (for data)
	Fixed/Random
	Fixed/Random
	Fixed/Random
	Proponents report the details of  random MA signature allocation

	DMRS allocation
	Proponents report the details of DMRS, and whether DMRS is randomly selected by UE or pre-configured by gNB with potential DMRS collision.
	NR Rel-15 DMRS overhead for the baseline OMA

	Timing/frequency offset
	0 as starting point, 
	0 as starting point
	0 as starting point
	Non-zero timing and/or frequency offset to be considered later 

	Distribution of avg. SNR
	equal or unequal
	Proponents report what SNR distribution is assumed.

	Receiver algorithm
	Proponents provide details of receiver algorithms
	MMSE-IRC for the baseline OMA


6. Conclusions
In this contribution, we discuss some open 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 optimization target respectively. And then we discuss the building block based study based on the unified MA framework. Besides above, we present our views on relationship between grant-free/grant-based transmission and NoMA. Finally, we give our suggestions on the LLS assumptions. According to the above discussions, we would like to put forward the following proposal:
Proposal 1: The optimization metric under different scenarios for NoMA design should be clearly identified.
Proposal 2: The unified MA framework agreed in RAN1 #86bis should be considered as the NoMA SI discussion starting point. And the building block based performance evaluations are more preferred.
Proposal 3: The targeting scenarios for grant-based NoMA and grant-free NoMA should be identified.
Proposal 4: Suggestions on the NoMA LLS evaluation assumptions are high lighten in Table 2.
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