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Introduction
Non-orthogonal multiple access (NOMA) was studied at Rel.14 SI until RAN1#86bis. The discussion is being reinitiated based on a SID that was approved in RAN#75[1] and revised in RAN#76 [2]. The objective of NOMA SI is to further progress on the NOMA performance evaluation focusing on uplink, and provide recommendation about the key design features to be specified later. In this contribution, we give our considerations on the evaluation methodologies and the link level evaluation parameters. 
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Discussion
During Rel.14 SI, the proposed NOMA schemes follow a basic high-level transmitters diagram as shown in Figure 1. The transmitter side operations include bit level operations and symbol level operations. The evaluation of NOMA schemes shall follow this same basic structure for scheme comparison.  
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Figure 1 High level diagram for UL NOMA schemes
NOMA was evaluated for mMTC in Rel.14 SI and it was a common understanding that NOMA is beneficial for mMTC in terms of number of connections. As a result, RAN1#86 agreed that NOMA is targeted to be supported in UL at least for mMTC. Furthermore, RAN1#84bis agreed that NOMA should be investigated for diverse NR usage scenarios and use cases. In Rel.15 SI, it was planned to extend the evaluation for every NR usage scenario to find possible performance gains of NOMA. The KPIs for each scenario, however, are obviously different,

· For URLLC, lower latency and higher reliability 
· For mMTC, higher number of connections, better coverage and lower power consumption 
· For eMBB, higher compacity and potentially lower latency
Besides, as in the approved NOMA SID, the evaluation will be focusing on UL. Based on these, we have the following proposal, 
Proposal 1: NOMA evaluation should be focused on UL for each usage scenario, targeting for different specific KPIs. 
NOMA has been found mostly beneficial for UL grant-free, since it provides more signatures for gNB configuration or UE random selection, therefore the probability of signature collisions will be very much reduced compared with grant-free without NOMA. The actual performance of course depends also on other factors like DMRS orthogonality and correspondingly channel estimation, and the evaluation will take such factors into considerations. 
On the other hand, some companies are considering evaluating NOMA also for grant-based, especially for eMBB case. In this case, the UL MU-MIMO should be taken as the baseline for throughput comparison. Technically both support multiple UEs multiplexed in the allocated resources and transmit simultaneously, but NOMA might be beneficial from scheduling point of view, since it has relaxed UE pairing requirement compared with UL MU-MIMO, but similarly it needs also good channel estimation performance to have noticeable gains. As the corresponding evaluation work for UL MU-MIMO in both link level and system level will be much more complex for grant based cases, we prefer to evaluate NOMA only for grant-free in Rel.15 SI, due to the limited time. Therefore, we have the following proposal,
Proposal 2: The evaluation for NOMA in Rel.15 SI should be mostly for grant-free. If NOMA for grant-based is evaluated, the baseline scheme for comparison should be UL MU-MIMO.
In the offline discussion, the basic link level simulation assumptions for each usage scenario was agreed, as in the appendix. For the channel coding scheme, we share the view that Turbo coding is used for link level evaluation for all usage scenarios, so that the evaluation effort can be reduced. 
Furthermore, for fair comparison between NOMA and OMA, and for the coming comparison of different NOMA schemes, it is preferred that same TBS and same MCS are allocated for each simulated UE for each scheme, no matter bit level operation and symbol level operation. As a result, the evaluation will be based on same coding gain, and the channel coding and modulation schemes will not impact the NOMA evaluation and comparison.  
Base on that, for the symbol level operations, the comparison shall be done for the case of same overloading for different schemes. Here the overloading is as defined during Rel.14 discussion, which equals to the spreading factor divided by the number of UEs being simultaneously transmitted on the same resources. In addition, if we compare the schemes under the assumption of same total amount of resources and same amount of UEs, it means for lower spreading factors, the UEs are divided into groups, each of which contains less number of UEs and occupies a subset of resources with less number of PRBs. Figure 1 illustrates the difference. For simulation purpose, it is of course fine either to evaluate the performance for one subset of resources per slot, or to simulate full subsets.
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Figure 2 resource occupation in simulation for NOMA schemes with different spreading factor
Therefore, we have the following proposals, 
Proposal 3: Turbo coding is used for NOMA evaluation for all usage scenarios. 
Proposal 4: Following link level assumptions are used for comparison of NOMA schemes,
· Same MCS

· Same TBS

· Same overloading

· Same total number of UEs, and same amount of PRBs, but it is fine to evaluate the performance for a subset of resources per slot. The subset size depends on spreading factor. 
NOMA performance relies very much on the channel estimation performance, especially for high overloading scenarios. It is desirable that there could be also sufficient number of DMRS ports being provided, so that for the case when DMRS is random selected by the UE, DMRS collision rate can be low. Therefore, from the evaluation, DMRS extension beyond the NR Rel.15 supported DMRS patterns might need to be evaluated. Companies needs to report the DMRS assumptions when provide the simulation results with realistic channel estimation. 

In addition, with DMRS extension, it might need to re-evaluate whether DMRS can still meet the UE identification requirement, which is the case in NR Rel.15 grant-free. This might be a work in the NOMA procedure design [3]. 
Proposal 5: DMRS extension beyond the Rel.15 DMRS patterns can be considered for the evaluation of NOMA, including DMRS based UE identification in grant-free transmission. 
3
Conclusions
In this contribution, we have the following proposals for NOMA evaluation, 
Proposal 1: NOMA evaluation should be focused on UL for each usage scenario, targeting for different KPIs. 

Proposal 2: The evaluation for NOMA in Rel.15 SI should be mostly for grant-free. If NOMA for grant-based is evaluated, the baseline scheme for comparison would be UL MU-MIMO.
Proposal 3: Turbo coding is used for NOMA evaluation for all usage scenarios. 
Proposal 4: Following link level assumptions are used for comparison of NOMA schemes,
· Same MCS

· Same TBS

· Same overloading

· Same total number of UEs, and same amount of PRBs, but it is fine to evaluate the performance for a subset of resources per slot. The subset size depends on spreading factor. 

Proposal 5: DMRS extension beyond the Rel.15 DMRS patterns can be considered for the evaluation of NOMA, including DMRS based UE identification in grant-free transmission.
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Appendix 

Table 1: Link-level evaluation assumptions (summary of offline email discussion) 
	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 = 60 kHz

#OS = 7
	SCS = 15 kHz

#OS = 14
	

	Allocated bandwidth
	4 or 6 RB as baseline, single-tone, 1 RB as optional
	4 or 6 RB as baseline, 12 RB as optional
	4 or 6 RB as baseline, and 12 RB as optional
	The same for non-orthogonal MA and baseline OFDMA

	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%
	

	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 detais 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
	Both equal and unequal


	Equal
	Both equal and unequal
	For example, for unequal case, the long term SNR can have [3] values,30% users with x dB, 40% users with y dB, and 30% users with z dB

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


Note: if 2-step RACH is evaluated, the assumption for TA estimation is that it should be within +/- 5us
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