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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN meeting #75, a new SID on Non-Orthogonal Multiple Access (NoMA) for NR was approved [1]. The objective of the 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. Link and system level evaluations are both considered as tools to support deriving observations and making decisions. Performance metrics and parameters identified from Rel-14 are a good starting point to continue with.
In this contribution, we mainly discuss the link-level (LL) evaluation related issues: deployment scenarios, evaluation metrics, and further considerations on DMRS design, advanced receivers, and LLS parameters. 
[bookmark: _Ref129681832]Discussion 
As pointed out in SID [1], agreements, observations and evaluation assumption in Rel-14 study shall be the starting point for Rel-15. In Rel-14, there are many agreements on NoMA that includes definition of MA resource and MA signature, unified framework, UL grant-free transmission, and link-level and system-level evaluation assumptions [2]. With these agreements as the starting point, the workload can be greatly reduced. 
LL evaluation for different deployment scenarios
NoMA is a transmission technology that can benefit diversified usage scenarios including eMBB, URLLC, and mMTC. As mentioned/proposed in the SID of Rel-15 NoMA SI [1], NoMA design and evaluation in all three scenarios should be considered. 
As the KPIs of each deployment scenario are different, the evaluation parameters should also be adjusted accordingly. Thus, the LL evaluation parameters should be identified for each of the deployment scenarios. For example, regarding the stringent latency requirement for URLLC, the numerology with short TTI should be considered, e.g. subcarrier spacing of 60 KHz and 7 OFDM symbols. The other parameters to be identified may include antenna configuration, waveform, available bandwidth, number of multiplexed UEs, target spectrum efficiency, MA signature allocation, etc.
Proposal 1: Link-level evaluation of NoMA for all deployment scenarios including eMBB, URLLC, and mMTC should be conducted with scenario specific parameters.
LL evaluation metrics
In Rel-14 NR SI following evaluation metrics are considered in link level simulation [2].
-	BLER vs SNR reported for UL and DL calibration 
-	BS and UE receiver complexity reported
-	Sum throughput v.s. SNR at given BLER level under different overloading factor, where overloading factor is defined as
-	For spreading case:  number of data layers (users) / spreading length (number of REs)
-	For non-spreading case: number of data layers (users) on each RE
-	Link budget (MCL with specific data rate)	
LL evaluation in Rel-15 NoMA SI can reuse these agreed metrics. Specifically, the BLER v.s. SNR is the fundamental measure for the link quality in all scenarios, the difference only lies in the operating region of SNR and the target BLER. Results for other metrics such as the sum throughput v.s. SNR can all be derived from BLER v.s. SNR. As the BLER v.s. SNR performance depends on many parameters such as the number of users multiplexed, the target spectrum efficiency (SE) per user, the way of MA signature allocation and channel estimation, and the receiver used, etc., the presentation of BLER v.s. SNR results should be given with all the conditions clearly stated. One way is to use tables to summarize the absolute/relative SNR values at target BLER under different conditions as in Rel-14 [2].  
For calibration purpose, the SNR definition should be aligned. NoMA schemes are different in the way of resource utilization. Given the same total bandwidth, each UE may utilize all the subcarriers for some NoMA schemes, or part of the subcarriers for other NoMA schemes. For fair comparison, the received power should be the same for each UE. One approach is to define the SNR as the mean received power per RE over the total bandwidth divided by the noise power per RE, as following

When all the REs are utilized, the received power on each RE is  and the noise power per RE is , then . When half of the REs are utilized, the received power on each utilized RE is  and the noise power per RE is , then . Thus, the above two cases have the same SNR. If the received power is for a single UE, the SNR can be referred to as SNR per UE. If the received power is for multiple UEs, the SNR can be referred to as total SNR, i.e., the sum of SNR per UE.
Proposal 2: BLER v.s. SNR should be the common metric for link-level evaluations in all scenarios but may work with different SNR regions and target BLERs, and the SNR definition should be aligned when comparing different NoMA schemes.
LL evaluation considering DMRS design
Different from conventional orthogonal MA schemes, NoMA schemes can accommodate more UEs by allowing multiple UEs to share time/frequency resources via code or power domain multiplexing. As there are more UEs within the same physical resources for NoMA schemes, especially for high overloading scenario, more distinguishable DMRS ports are required. More discussions are in [3].
Proposal 3: The orthogonal DMRS in NR should be the starting point for NoMA SI, and DMRS extension to support more distinguishable ports should be considered for NoMA SI. 
LL evaluation considering advanced receivers
Different types of advanced receivers have been proposed and studied for NoMA in Rel-14, such as ESE-PIC, MMSE-SIC/PIC, and turbo-MPA/EPA [4]. All these receivers have potential turbo-like structures, i.e., with iterations between multi-user detector and channel decoder. The receivers are different in the detailed implementation of MU detectors and ways of interference cancellation.  
In NoMA SI, the design and analysis of advanced receivers should consider the requirements of different deployment scenarios, taking the performance, complexity, and latency into consideration. The analysis should not be based on intuition but on the quantization of operations, at least for dominant operations. Further details may depend on implementation details. For instance, it might be intuitive that MMSE-SIC receiver could have lower complexity than message passing type of receiver with PIC. However, as we have illustrated in [5, 6], the complexity of MMSE-SIC could be much higher if block-wise MMSE is considered. Moreover, the decoding delay is more crucial for URLLC scenario, and the number of turbo iterations is likely to be less than that in mMTC and/or eMBB scenarios. 
Proposal 4: Advanced receivers should be studied in NoMA SI and the choice of advanced receivers in link-level evaluation should consider the requirements of different deployment scenarios.
Further consideration on LLS parameters
Based on the offline email discussion, current version of the NoMA LLS evaluation parameters for the three application scenarios are summarized in Table A-1. However, there are still many issues need to be further discussed. Some examples for further considerations are listed below.
1) Range of number of UEs, SE/TBS per UE, and allocated bandwidth in each scenario
The range of the number of UEs multiplexed together and the SE/TBS per UE should be further clarified for different scenarios, and the range of values should cover the requirements of different use cases. For example, the maximum number of UEs for the URLLC scenario can be lower than that for the mMTC scenario, and the SE/TBS per UE should be determined based on the typical payload size of different scenarios. Note that, since the total system throughput is upper-bounded by the multi-user MAC capacity in the UL, the assumption of SE per UE is dependent with the number of UEs multiplexed together. 
Furthermore, the definition of per UE SE should also be clarified. Currently, it is not clear whether the time/frequency or bit overhead is considered or not for SE calculation, e.g. CP, DMRS, and CRC bits. Actually, since the frame structure and CP overhead would be kept the same for NoMA comparisons, and the allocated bandwidth is already given, the most convenient and most fair comparison is to compare different NoMA configurations under given TB size values (including CRC), which can be derived from the real service requirements. Then the equivalent SE per UE given the same TBS can be calculated as

In addition, the bandwidth allocated in number of RBs should be jointly considered with the SE range so that the TBS values could cover the typical packet size for each scenario. The current values in Table A-1 clearly need more discussion. And once decided, the number of mandatory RB options should be limited.
Besides, for fair comparison between different MA schemes, the number of UEs, total allocated bandwidth for all UEs, and the SE per UE should all be kept the same for each MA scheme in the comparison. 
2) DMRS allocation and overhead
As discussed above, NR DMRS design will be taken as the starting point. Therefore, as long as the number of UEs is less than the maximum DMRS ports supported by NR, the DMRS overhead can be kept the same among all comparisons. In the case that the number of UEs may grow over the maximum DMRS ports supported, new DMRS design may be proposed to extend the DMRS pool. It is better to strive for the same DMRS overhead and focus on the comparison for NoMA, otherwise the bits per data RE will be different.
On the other hand, in NR Rel-15, DMRS is UE-specifically allocated via DCI for grant-based transmission or Type 2 grant-free transmission, and also UE-specifically configured through RRC for Type 1 grant-free transmission. Similar assumptions can be used in NoMA SI.  Even for some grant-free transmissions with potentially large number of users sharing the same time/frequency resource, with the consideration of DMRS extension as discussed in [3], such per-configuration way of DMRS allocation can also serve the purpose and should be considered as the starting point for DMRS allocation. 	
3) Channel model
Besides the TDL-A and TDL-C channels, we think it is beneficial to also consider AWGN channel at least for calibration. Moreover, as has been pointed in Rel-14 by some operators, in future IoT scenarios, the high density of sensors and automatic nodes in factories will cause potential high correlation between UEs, which should be considered in the link-level evaluations. In this case, some simple correlation model similar to that to model antenna correlations may be applied as a quick starting point. 
4) Channel coding scheme
As also has been discussed in the offline email discussion, the channel coding scheme should be kept the same for different NoMA scheme evaluation so that the comparison can focus on NoMA transceiver design which is independent of the channel coding discussion in 3GPP  and the NoMA evaluation is by no means intended to impact the channel coding discussion.
From the email discussion, we see the majority of companies would like to use the same channel coding for all scenarios to reduce work load, and Turbo code is supported by 12 companies as the most stable and mature channel code for NoMA evaluation. So we suggest to taking Turbo code as one option for all three scenarios and in addition, to add LDPC code only for eMBB scenario evaluation. 
5) Potential randomness in traffic arrivals
There are many randomness factors in the network such as the random user distribution, or the random traffic arrivals. Normally, randomness in the geographical user distribution is considered in the SLS so that LLS can focus more on the link transmissions that only deals with small-scale fading in random wireless channels. So we suggest to focusing on the equal long term SNR distribution in LLS. 
Although SLS captures the whole picture of NoMA performance under random traffic arrival, some observations and conclusions can still be made by LLS taking into account the randomness in user activity. For instance in [7], we employed random traffic arrival in LLS to justify the feasibility of UE activity detection and high reliability decoding in URLLC scenario. In short, we suggest to taking fixed number of UEs as the starting point in LLS and leave full evaluation with random traffic in SLS, but we think it is also doable to consider some random UE activity in LLS for quick performance justification.
From the discussion above, we can see that the LLS parameter table from the NoMA workshop still needs further discussion and we have the following proposals.
Proposal 5: For LLS evaluations for NoMA SI, the following should be considered
· The range of SE and the number of UEs should be further clarified for different scenarios
· For fair comparison of MA schemes, the number of UEs, the total allocated bandwidth for all UEs, and the SE per UE should be kept the same for MA schemes in the comparison
· The DMRS overhead should be strived to keep the same for a given number of multiplexed UEs
· Pre-configured DMRS signature allocation should be the starting point
· Consider AWGN channel and the potential high UE correlation in the channel model
· Turbo code can be the starting point for all scenario evaluations
Conclusions
In this contribution, we discuss the issues of link-level evaluation for NoMA SI. Based on the discussion, we have following proposals: 
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Proposal 1: Link-level evaluation of NoMA for all deployment scenarios including eMBB, URLLC, and mMTC should be conducted with scenario specific parameters.
Proposal 2: BLER v.s. SNR should be the common metric for link-level evaluations in all scenarios but may work with different SNR regions and target BLERs, and the SNR definition should be aligned when comparing different NoMA schemes.
Proposal 3: The orthogonal DMRS in NR should be the starting point for NoMA SI, and DMRS extension to support more distinguishable ports should be considered for NoMA SI. 
Proposal 4: Advanced receivers should be studied in NoMA SI and the choice of advanced receivers in link-level evaluation should consider the requirements of different deployment scenarios.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 5: For LLS evaluations for NoMA SI, the following should be considered
· The range of SE and the number of UEs should be further clarified for different scenarios
· For fair comparison of MA schemes, the number of UEs, the total allocated bandwidth for all UEs, and the SE per UE should be kept the same for MA schemes in the comparison
· The DMRS overhead should be strived to keep the same for a given number of multiplexed UEs
· Pre-configured DMRS signature allocation should be the starting point
· Consider AWGN channel and the potential high UE correlation in the channel model
· Turbo code can be the starting point for all scenario evaluations
References
[bookmark: _Ref471480376]RP-170829, “New SID on Non-Orthogonal Multiple Access (NoMA) for NR”, RAN#75, Dubrovnik, Croatia, March 6 - 9, 2017.
TR 38.802, “Study on New Radio Access Technology Physical Layer Aspects”, v14.1.0, June 2017.
R1- 1801363, “Discussion on DMRS design for NoMA with large number of users”, Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26 – Mar. 2 2018.
R1- 1801362, “Discussion on Receivers for NoMA”, Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26 – Mar. 2 2018.
R1-165619, “Transceiver implementation and complexity analysis for SCMA”, Huawei, HiSilicon, RAN1#85, Nanjing, China, May 23-27, 2016.
R1-1608855, “Advanced multi-user detectors for grant-free transmissions”, Huawei, HiSilicon, RAN1#86bis, Lisbon, Portugal, October 10-14, 2016.
R1-1611689, “Grant-free transmission scheme for UL URLLC”, Huawei, HiSilicon, RAN1#87, Reno, Nevada, US, Nov 14 - 18, 2016.
Appendix
Table A-1: Link-level evaluation assumptions (summary of offline email discussion)
	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  
	

	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
