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1	Introduction
NOMA study item for NR was approved in [1]. The objective of NOMA SI is listed below [2]:
1.1 Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:
· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.
· Coded bit level processing including interleaving and/or scrambling, etc.
· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.
1.2 Receivers for non-orthogonal multiple access: [RAN1, RAN4] 
· MMSE receiver, successive/parallel interference cancellation (SIC/PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver, or other receivers
· The study should consider performance, receiver complexity, etc.
1.3 Procedures related to the non-orthogonal multiple access  [RAN1]
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access
1.4 Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14. The benchmark for comparison is OFDM contention based multiple access. Realistic modelling of Tx/Rx impairment including potential PAPR issue, channel estimation error, power control accuracy, collision, etc. should be considered. [RAN1]
· Traffic model and Deployment scenarios of eMBB (small packet), URLLC and mMTC
· Device power consumption
· Coverage (link budget)
· Latency and signalling overhead 
· BLER reliability, capacity and system load
· Physical abstraction (link-to-system mapping model)

As listed in the objective, link and system level simulations and analysis are to be used for the evaluation of non-orthogonal multiple access schemes. Considering the diversity of multiple access schemes, link level simulation should be prioritized to clearly evaluate the characteristics and performances of each multiple access scheme. In addition, link level simulation is the basis of link-to-system mapping, which is important for system level simulation. This contribution will mainly focus on the considerations on link-level evaluation for NOMA.
2	Evaluation methodology
2.1 Evaluation methodology
As mentioned in the objective of NOMA SI, the benchmark for comparison is OFDM contention based multiple access. Simulation assumptions should be aligned between the benchmark and the scheme to be evaluated. Quite a number of NOMA schemes have been proposed since Rel.14. It would be desirable to identify some technical components from those candidate schemes, and conduct the component-wise evaluation, in order to facilitate the conclusion of meaningful observations.
In Rel.14 NR SI, it was agreed that all proposed non-orthogonal MA schemes for UL transmission on a high level follow the following basic diagram as shown in Figure 1 [3].
[image: ]
[bookmark: _Ref505713932]Figure 1 High level block diagram for UL non-orthogonal MA schemes [3]
Based on the high level basic diagram, we further describe the channel structure in terms of transmitter side processing blocks in Figure 2. For each block, UE-specific MA signature may be applied to differentiate NOMA from OMA. More detailed discussion of transmitter processing of different schemes can be found in [4]. Companies who propose the schemes operated in certain block(s) are encouraged to demonstrate the performance gain of NOMA over OMA or comparison between different NOMA schemes via link-level simulation, system-level simulation or theoretical analysis. The evaluation of the benefit of NOMA over OMA for different use scenarios will be mainly concluded based on system-level simulations, while link-level simulation can provide some references for the performance comparison between different NOMA schemes and help on complexity analysis of receivers.
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[bookmark: _Ref505714121]Figure 2 General channel structure of NOMA schemes at transmitter.
Proposal 1: Block-wise evaluations should be prioritized for the comparison between NOMA and baseline OMA or between different NOMA schemes.
2.2 Performance metrics
As for different scenarios, the key performance requirements are quite different, and the proposed multiple access schemes may also vary in different use scenarios. Therefore, evaluation on multiple access schemes should be carried out for different use scenarios separately.
Major system requirement of different use scenarios mentioned in the SID are listed as follows:
· mMTC/eMBB small data: 106/km2 connection density, link budget 164dB MCL;
· URLLC: 1ms latency and reliability with 10-5 BLER;
· eMBB: capacity and throughput.
Performance metrics identified from Rel-14 [3], BLER vs. SNR and packet drop rates (PDR) vs. packet arrival rate (PAR) curves, can be reported through link level simulation (LLS) and system level simulation (SLS), respectively at least for mMTC. For URLLC, BLER vs. SNR can be also used to evaluate the ultra-reliability performance, and the latency can be evaluated through SLS by plotting the transmission latency vs. PAR at given PDR. For eMBB, if the target use case is for small data, then the metrics could be similar to those of mMTC, while for normal use case the system throughput can be reported by translating the BLER and PDR into capacity.
Two different evaluation metrics can be considered for the report of BLER vs. SNR, i.e. 
1) BLER vs. total received SNR at given target total SE, “Gain_m” as illustrated in Figure 3; 
2) BLER vs. per UE SNR at given per UE SE, “Gain_s” as illustrated in Figure 3. 
The first metric was extensively carried out in the Rel.14 NR SI and some meaningful observations have already been captured in TR 38.802. Therefore, it seems unnecessary to demonstrate those NOMA benefits over OMA again at the link level in Rel. 15 NOMA SI. The performance benefit of NOMA over OMA anyway will be evaluated for different use scenarios at system-level. In our view, link-level simulations in NOMA SI will be mainly used to provide some references for the performance comparison among different NOMA schemes. Therefore, in order to reduce the link-level simulation efforts, the baseline OMA scheme can be simplified to single-user with the same MCS in the evaluation. BLER vs. per UE SNR should be used and the performance loss of multi-user NOMA comparing to single-user OMA under the same per UE SE can be reported. 
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[bookmark: _Ref506307136]Figure 3 Two options of reporting BLER vs. SNR metric.
In addition, link budget evaluation is important for mMTC scenario especially for the requirement of robust coverage, can be evaluated by LLS. Other metrics such as receiver complexity, PAPR will be evaluated mainly via calculation and analysis.
Proposal 2: BLER vs. per UE SNR under the same target per UE SE can be reported as the performance metric.
3	Simulation assumptions
3.1 Link-level simulation assumptions
Link-level simulation assumptions were discussed in the third NOMA Workshop in Aug. 2017. Preliminary consensus was reached on most of the parameters, as listed in Table A1.
It should be noticed that the first release of NR was not stable at that time (August 2017). A few parameters should be further defined or tuned according to the latest NR progress.
1) Channel coding
In Rel. 14 and 3rd NOMA workshop, the coding schemes of NR were not decided. The consensus at that time was to use Turbo code as the starting point for fair evaluations. Now NR Phase 1 is completed where LDPC is adopted for eMBB data traffic channels. Coding scheme for URLLC is likely to follow eMBB as there is no consensus to do further study on channel coding for control and data targeting high reliability [5]. Since NOMA is an SI for NR, it makes more sense to follow the NR specification as much as possible to pave the way for the follow-up NOMA normative work in NR. For mMTC, the channel coding for traffic channels is still open. In summary, LTE Turbo for mMTC, and NR LDPC for eMBB and URLLC could be considered as the baseline coding schemes for both calibration and evaluation. Decoder design can be up to company considering the specific MA scheme and complexity issues, etc. 

2) UE spectral efficiency (SE)
The total spectral efficiency in bits/RE is often calculated as 
Y = X * (1 – CRC_overhead) * (1 - RS_overhead) * N
where X is the target per UE SE [bits/RE] defined as transmit data bits (including CRC bits) divided by the number of resource elements (REs) for data. RS_overhead is the ratio between number of REs for DMRS and the total number of REs, CRC_overhead is calculated by number of CRC bits divided by the total number of data bits after CRC encoder, and N is the number of multiplexed UEs. The total spectral efficiency is aligned once X, N, RS overhead and number of CRC bits are aligned. 

In order to better summarize the evaluation results, it is beneficial to agree on a set of values to simulate, rather than arbitrarily picking numbers from a wide range. The sets of values for target per UE spectral efficiency can be [0.125, 0.167, 0.25, 0.375, 0.5] for normal coverage and [0.01, 0.025, 0.05] for extended coverage. And regarding the RS overhead, some example values such as [0, 1/7, 2/7, 4/7, 1/2] can be considered. Usually for the multi-user simulation, the accuracy of realistic channel estimation depends on the RS overhead and available number of orthogonal sequences. In order to further reduce the simulation burden, models for channel estimation errors can be considered which would be parameterized by RS overhead and number of multiplexed UEs.

3) DMRS allocation
Based on the agreement in Rel. 14 NR SI, at least the following options for “autonomous/grant-free/contention based” UL transmission should be studied
· Opt. 1: a UE performs random resource selection
· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined
Here the resource includes physical resources and MA signatures. In Rel. 14 NR SI, some of the evaluation results assume random selection of MA signatures with potential collision. However the DMRS allocations were still pre-configured without collision. Since the random selection is an important feature of “true” UL grant-free transmission at least for mMTC and eMBB small data, performance under DMRS collision should be fully evaluated in NOMA SI. Therefore, we propose to continue the study of grant-free under both cases. And the DMRS configuration should be the same as other MA signatures, i.e. it does not make much sense that each UE’s DMRS is pre-configured while other MA signatures are randomly selected. For some other use cases such as URLLC, semi-persistent configured grant can be the assumption for UL transmission where the MA signatures are pre-configured.
It should be noticed that if simplified channel estimation model is introduced, the distribution of estimation error should be different between the two options of RS allocations. 

4) SNR distribution
As in Rel.14 NR SI, unequal SNR distribution among multiple UEs would also be considered for grant-free transmission where there is no accurate power control at least for mMTC scenario. Accurate SNR distribution depends on the UE distribution and power control model. In order to better align companies’ implementation of unequal SNR distribution and meanwhile simplify the simulation effort, we can assume uniform distribution as baseline, i.e. multiple UEs SNR are randomly chosen from the range [x - a, x + a] (dB) with [1] dB step, where x is the average SNR among UEs, and the deviation a = 3 could be assumed as starting point.

5) Traffic model
Usually link-level simulations assume full-buffer traffic model. For the evaluation of grant-free transmission especially for the event-triggered UL transmission, it has certain justification to introduce random user arrival in the evaluations. However, we think that random user arrival can be mainly considered in system level simulations, in order to reduce the simulation workload. Meanwhile, it is noticed that companies would simulate multiple BLER vs. SNR curves representing the performance metric where each curve is associated with a given number of UEs. Therefore if the percentage of each number of UEs can be derived based on the arrival rate, the BLER vs. SNR curve (with equal SNR distribution) under random user arrival can be directly calculated based on the full-buffer curves without more efforts of simulations. In that sense it is up to each company whether to report the results of random arrival of packets. 

6) BS antenna configuration
For OFDMA with MU-MIMO technique, the connection density and UL capacity is almost proportional to the number of receive antennas. NOMA is a technology that can further increase the density and capacity. In addition to spatial multiplexing gain from MIMO beamforming, NOMA can achieve additional multiplexing gain from power and code domain per each beam. Therefore, it is not a high priority to set the number of antenna very high in the NOMA evaluations, with the consideration to keep the simulation complexity in a reasonable level. Besides, for the evaluation of low frequency such as 2 or 4 GHz, usually small number of TXRUs was assumed as starting point for the evaluations other than MIMO, as shown in TR 38.802 [3]. For example, in multiple access (2 GHz, 2/4 Rx as baseline, 8 Rx optional), waveform (4 GHz, 1T1R or 2T2R or 4T4R for case 1a, 1b and 2, 1T1R for case 3 and 4, and 1T1R or 2T2R for high speed scenario), synchronization signals/RACH (4 GHz, [M,N,P] = [1,1,2]), and URLLC (700 MHz and 4 GHz, 2/4/8 ports as starting point). 

Table 1 Proposed updates on the LLS parameters for NOMA compared to Table A1
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values reported

	Channel coding
	LTE Turbo as starting point, other coding schemes are not precluded
	NR LDPC
	NR LDPC
	

	Target per UE spectral efficiency [bits/RE] 
	[0.125, 0.167, 0.25, 0.375, 0.5] for normal coverage, 
and [0.01, 0.025, 0.05] for extended coverage

(Enumerate some values from the range in Table A1)
	[0.125, 0.167, 0.25, 0.375, 0.5]

(Enumerate some values from the range in Table A1)
	[0.125, 0.167, 0.25, 0.375, 0.5]

(Enumerate some values from the range in Table A1)
	[bookmark: _GoBack]The same total spectral efficiency Y = X * (1 – CRC_overhead) * (1 - RS_overhead) * N should be aligned for performance comparison among different non-NOMA schemes.

X is the target per UE SE [bits/RE] defined as transmit data bits (including CRC bits) divided by the number of REs for data. 
Use the same number of CRC bits, i.e. 24.

RS_overhead is the ratio between number of REs for DMRS and the total number of REs.

	Number of UEs multiplexed in the same allocated bandwidth
	(Unchanged compared to Table A1)
	
(Unchanged compared to Table A1)
	
(Unchanged compared to Table A1)
	For OFDMA baseline, simulate 1 UE and keep the same MCS as NOMA

	DMRS overhead
	RS_overhead = [0, 1/7, 2/7, 4/7, 1/2]; (Enumerate some values)
For simplicity: introduce CE error model f1(RS_overhead, N) or f2(RS_overhead, N);
	f1 for fixed RS allocation and f2 for random RS selection;
N is the number of multiplexed UEs

	MA signature allocation (including DMRS allocation)
	(Unchanged compared to Table A1)
	Fixed
(random is removed)
	(Unchanged compared to Table A1)
	Fixed means pre-configured by gNB
Random means randomly selected by UE with potential collision

	Distribution of avg. SNR
	(Unchanged compared to Table A1)
	(Unchanged compared to Table A1)
	(Unchanged compared to Table A1)
	For unequal case, uniform distribution from the range [x - a, x + a] (dB) with [1] dB step

	BS antenna configuration
	(Unchanged compared to Table A1)
	(Unchanged compared to Table A1)
	(Unchanged compared to Table A1)
	For eMBB, simulate 2/4 Rx to analyse the power/code domain multiplexing gain per each beam by NOMA. For more antennas, capacity/throughput can be scaled by adding the spatial gain of multi-beams.



Proposal 3: To adopt the assumptions in Table A1 with the update listed in Table 1 for the link-level evaluations of NOMA.
3.2 Assumption for baseline calibration
The performance evaluation of NOMA over OMA for different use scenarios will be mainly concluded based on system-level simulations, while link-level simulation can provide some references for the performance comparison among different NOMA schemes. As articulated above, it is convenient to consider OMA baseline as single-user full-buffer traffic in link-level simulation. Some typical parameters are suggested in Table 2 for the three scenarios respectively. 
Table 2: Baseline simulation assumptions for calibration purpose
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	2 GHz
	2 GHz
	2 GHz

	Waveform 
(data part)
	1. 1. CP-OFDM
1. 2. DFT-S-OFDM
	CP-OFDM
	CP-OFDM

	Numerology 
(data part)
	SCS = 15 kHz, 
#OS = 14
Normal CP
	SCS = 60 kHz
#OS = 7
Normal CP
	SCS = 15 kHz
#OS = 14
Normal CP

	Allocated bandwidth
	4 RB, FDM for 4 UEs
	4 RB, FDM for 4 UEs
4 repetitions in time domain with RV{0,0,0,0}
	4 RB, FDM for 4 UEs

	MCS
	1. QPSK, code rate 1/2;
2. QPSK, code rate 1/3;
Same for all UEs

	Channel coding
	Turbo 
	LDPC
	LDPC

	BS antenna configuration
	2 Rx
	4 Rx
	2 Rx

	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

	Channel estimation
	Ideal Channel Estimation

	DMRS allocation for Realistic CE
	Follow NR DMRS, e.g. PUSCH mapping Type A with , single position {} for #OS=7 and two positions {, 11} for #OS=14. 

	Timing/frequency offset
	0 
	0
	0

	Distribution of avg. SNR
	1. Equal 
1. Unequal SNR with ±3dB deviation
	Equal
	Equal

	Receiver algorithm
	MMSE-IRC

	Metric for calibration
	BLER vs. SNR

	Target BLER
	10%
	0.1% for one transmission
10^-5 for repetitions
	10%



Proposal 4: To consider the assumptions in Table 2 for the calibration of baseline OMA scheme.
4	Conclusion
In this paper, we presented our consideration on the link-level simulation methodology and assumptions for NOMA study in all three major use scenarios for 5G: URLLC, mMTC and eMBB. Some proposals are summarized as follows:
Proposal 1: Block-wise evaluations between NOMA and baseline OMA should be prioritized.
Proposal 2: BLER vs. per UE SNR under the same target per UE SE can be reported as the performance metric.
Proposal 3: To adopt the assumptions in Table A1 with the updates listed in Table 1 for the link-level evaluations of NOMA.
Proposal 4: To consider the assumptions in Table 2 for the calibration of baseline OMA scheme.
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Appendix
[bookmark: _Ref505757384]Table A1 Link-level evaluation assumptions concluded from NOMA workshop
	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 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
	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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