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1. Introduction
NOMA studies in 3GPP started with the Rel. 14 NOMA SI where different schemes were investigated. Leading up to RAN1 #86b meeting, preliminary NOMA simulations were performed and the schemes were shown to provide significant benefits in throughput, overloading, and handling large packet arrival rates. The results were summarized in [1] and captured in TR38.802 along with the simulation assumptions. At RAN #75, a new Study Item on NOMA was approved and further revised at RAN #76 [2].
In this contribution, we provide some recommendations on link level simulation assumptions to be used in the upcoming Rel. 15 NOMA SI evaluations. 
2. Discussion
One objective of the SI is to use “Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14.” [1]. We can use as a starting point the link level simulation assumptions from [2] and update some of the parameters according to the progress made in RAN1 for Rel. 15 NR. Some of the simulation assumptions need clarifications and we provide our views hereafter.
2.1. Channel coding
Turbo code or LDPC are the main options for channel coding considered for the current evaluations. During the NOMA workshops, turbo code was the consensus baseline choice. Since then, LDPC has been adopted in Rel. 15 for eMBB scenarios. We prefer to maintain turbo code as the baseline scheme for mMTC. Turbo codes can be used for consistency in the results across all use cases. 
2.2. DMRS assumption 
It is within the scope of the Rel. 15 SI to study NOMA schemes with realistic channel estimation. It has been discussed whether to use LTE or NR DMRS assumption. NOMA is unlikely to be deployed in any system using legacy LTE DMRS configurations; therefore, given those two choices, our preference is to use NR DMRS as the baseline to perform channel estimation. 
Rel. 15 has made progress on defining the possible NR DMRS configurations. Given that there are many possible NR DMRS configurations, the choice of how to configure the NR DMRS is up to each company and the design choice should be clearly stated. The overhead should be taken into account when calculating spectral efficiency.
There are however some concerns that an NR-based DMRS design may not be sufficient for NOMA, especially for mMTC where a large number of users may simultaneously operate. There are a number of different ways to address the DMRS capacity issue, however they may impose different implications on DMRS overhead. Given a relative wide range of views on DMRS design for NOMA, and the absence of a general design assumption, other alternative solutions should be considered. For example, it would be feasible to use a simple channel estimation error model to emulate channel estimation inaccuracies. As such, the focus of SI will remain on evaluation and study of NOMA transmission rather than addressing peripheral design issues.
In [3], a simple model for channel estimation error based on a training pattern is discussed, where the estimation error can be modeled with a Gaussian model,

.

In this model, the variance is defined as , where SNR and NTR are the operating SNR point and multiplicity of the training samples. Alternatively, this approach can be used to model a fixed dominant source of error, i.e., large quantization, other impairments, etc. Figure 1 shows the performance of the proposed channel estimation error model where the variance of an actual estimated channel is plotted against the estimation variance as suggested by the above model. As demonstrated, there is a very close match between the median of the actual channel estimates and variance suggested by the model.
Proposal 1: To facilitate NOMA SI progress, RAN1 considers employing a channel estimation error model instead of an actual DMRS-based channel estimation. 
[image: ]
Figure 1 – Channel estimation error model
2.3. MA signature 
An important aspect of receiver processing in a NOMA system is in knowing the presence and identity of active users. As such, MA signature concept is envisioned to make this information available to the receiver. If such information is not available to a NOMA receiver, the receiver should attempt decoding of all potential users. Given the relative high complexity of a baseline NOMA receiver, an exhaustive detection approach is not favored. However, given the wide scope of the current NOMA SI, it would be beneficial to assume an ideal MA signature mechanism so that the focus of the current SI remains at the evaluation of actual NOMA schemes instead of design issues related to the required support mechanism or feature. As such, we prefer to assume an ideal MA signature process for the current SI, and leave the MA signature design to the WI phase.

2.4. SNR distribution 
Link level simulations for NOMA require multiple UEs to be multiplexed on the same uplink resources. The long-term average SNR of the multiple UEs can be either modeled to be equal or unequal amongst the different UEs. The motivation for such assumption is twofold. First, due to inaccuracies in pathloss estimation, the power control process is not perfect, and there always exist some variations of the received power at gNB. Secondly, existence of some power offset between different UEs may have different impact on the performance of different NOMA receivers. Therefore, both cases of equal power and non-equal power should be considered for evaluation. 
For the unequal case, there have been two proposed alternatives to model the SNR distribution: 
· Alternative 1: uniformly distribute the UEs within a range of SNR. For example, each UE experiences an SNR which is randomly picked from within +/- a dB of X dB. 
· Alternative 2: randomly assign UEs with discrete SNR values. For example, p1 UEs get X-a dB SNR, p2 UEs get X dB and p3 UEs get X+a dB.
Our preference is for Alternative 1 which better represents the realistic scenario where no two UEs experience the same SNR due to non-ideal power control and varying channel conditions. 

2.5. Receiver algorithm 
In the simulations assumption table, there is a row specifying the receiver algorithm. Each NOMA scheme may use a different receiver and there have been many different advanced receivers used in the Rel. 14 NOMA SI (MPA, EPA, MMSE-SIC, MMSE-IRC, MMSE-PIC, ESE). We therefore prefer to remove this row and suggest each company clearly states the receiver used in their simulations. 

2.6. Timing and frequency offset
As a baseline, we may assume the system to be perfectly synchronized; however, this is not a realistic assumption. The evaluation should be done under realistic conditions where transmitter/receiver synchronization may not be possible. In fact, the state of synchronization largely depends on whether the UE is in idle or RRC connected mode. We suggest that simulations with timing and frequency offset error should be part of the scope of the SI to provide simulation results under use case scenarios that emulates real life conditions. 

2.7. UE antenna configuration 
Current simulation assumptions mandate a fixed number of transmit antennas at the UE limited to 1. This assumption is suitable for the mMTC use case where the UEs are likely to be low cost devices in small form factor which may not have capabilities for multiple antennas; however, this may not be the case for the other scenarios. In URLLC and eMBB, the UE may be equipped with multiple antennas to enhance its transmit diversity or multiplexing capability. We suggest that 1 Tx case be used as a baseline but that higher number of transmit antennas not be precluded for URLLC and eMBB scenarios. 

In evaluation and selection of NOMA schemes, it is crucial to consider the actual use case, and the expected performance of the system. Most of the proposed schemes have demonstrated very reasonable multiplexing capabilities, however often they were not set up to achieve a specific target BLER or overloading capability. Therefore, it is important to study and evaluate all proposed schemes in a balanced and meaningful way. Based on the discussion, the following is proposed 
Proposal 2: Use Table 1 for link level NOMA simulation assumption. 

3. Conclusions
In this contribution, we have provided our views on link level simulation assumptions for the Rel. 15 NOMA SI evaluations and make the following proposal: 
Proposal 1: To facilitate NOMA SI progress, RAN1 considers employing a channel estimation error model instead of an actual DMRS-based channel estimation. 
Proposal 2: Use Table 1 for link level NOMA simulation assumptions. 
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 Appendix
Table 1 Link level simulation assumptions
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values 

	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
	

	Channel Coding
	Turbo
	Turbo
	LDPC
	

	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
	1 Tx as baseline for URLLC and eMBB. Other values not precluded. 

	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
	Employ channel estimation error model 
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
	Both equal and unequal

	Equal
	Both equal and unequal
	Unequal long term SNR distribution among UEs is uniformly distributed between [x-a, x+a] dB
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