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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 scenarios, metrics, evaluation methodology, and some other important considerations such as grant-free contention based transmission, advanced receiver, and DMRS design related to link-level evaluations. 
[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 (c.f. Figure 9.1.2-1 in [2]), 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. 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]. 
Result for other metrics such as the sum throughput v.s. SNR can all be derived from BLER v.s. SNR. Note that the SNR definition can be equivalent to MCL when the capabilities of the transceiver are given.
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.
LL evaluation based on unified NoMA design framework
[image: ]
Figure 1: High level block diagram for UL non-orthogonal MA schemes.
NoMA has been shown to provide significant gain in terms of UL sum throughput and overloading capability under both ideal and realistic channel estimation through extensive link-level (LL) evaluations in Rel-14 [2]. Having a unified framework and its component blocks agreed in Rel-14, the goal of NoMA evaluation in Rel-15 should be to define and understand the benefit of each component block of the agreed framework and then make recommendation on the design details for the beneficial component block.
In particular, in Rel-14, a variety of NoMA schemes were proposed to improve the resource utilization and combat the interference between non-orthogonal transmissions. All the proposed schemes on a high level follow the unified diagram shown in Figure 1 [2]. The unified diagram has different components blocks, which imply that the NoMA schemes can be studied in a component block-wise way. LL evaluation can be applied to justify the benefit of each component block and also used for the comparative study for the detailed design inside each component block of the unified framework. 
For instance, for bit-level operations, it can be studied that whether extra design of UE specific bit-level interleaver/scrambler is beneficial for NoMA system compared the current LTE design in bit level, and then the possible design principles of the interleaver/scrambler if proved needed. Similarly, for symbol-level operations, it can be studied that whether UE specific signature design with spreading, single- or multi-dimensional/carrier constellation mapping, and sparse or non-sparse symbol-to-RE mapping is beneficial, and then the related design principles. 
Such evaluation will help to provide recommendation on which component block(s) should introduce user specific design to facilitate NoMA, and then help to recommend on the detailed design features inside each component. Moreover, with a common framework, it is easier to consider the possible harmonization of different schemes/features. Note that each component block may have corresponding baseline to compare with in the existing LTE and/or in the ongoing NR WI. 
Proposal 3: The link level evaluations of NoMA schemes in Rel-15 SI shall study and justify the benefits of different components based on the agreed unified framework.
LL evaluation considering grant-free transmission impact
It has been agreed as part of the SID that OFDM contention based multiple access will be the benchmark to compare with [1], so the potential impact of such grant-free transmission should be considered. On one hand, NoMA is a good enabling technology to handle the physical resource collisions by multiple users in grant-free transmission. On the other hand, in the case that the number of the users is larger than the  MA signature pool size, or the users are allowed to randomly select an MA signature from a pre-defined pool, collision among MA signatures may happen. Hence, the impact of MA signature collision should be considered and evaluated in the link-level simulations. 
Proposal 4: For grant-free NoMA transmission, the impact of MA signature collision should be studied in the link-level evaluations. 
DMRS design for NoMA
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. 
Moreover, DMRS has been agreed for UE activity detection in grant-free transmissions. In this case, for NoMA enabled contention based grant-free transmissions, DMRS will serve two purposes at the same time, namely UE activity detection and channel estimation. 
Two configurations of DMRS patterns have been agreed for CP-OFDM in NR Rel-15, in which configuration 1 is also agreed to be applied for DFT-s-OFDM waveform. With the current DMRS design, the maximum number of DMRS ports for type 1 and type 2 configurations are 8 and 12 for 2 symbols and 4 and 6 for 1 symbol allocation, respectively. In some deployment scenarios, it is possible that there are more UEs multiplexed than the currently agreed number of orthogonal DMRS ports, especially for mMTC case. Therefore, DMRS extension to support more distinguishable ports should be considered in the SI.
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 and with the consideration of potential DMRS pool extension, no DMRS collision can be taken as the starting point for DMRS configuration. 
Proposal 5: 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, and no DMRS collision can be the starting point for DMRS configuration. 
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 [3]. All these receivers have 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 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. For instance, it might be intuition that MMSE-SIC receiver could have lower complexity than message passing type of receiver with PIC. However, as we have illustrated in [4, 5], 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 iterations is likely to be less than that in mMTC and/or eMBB scenarios. 
Proposal 6: 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 of 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. Some further considerations are listed below.
1) Range of number of UEs and SE/TBS per UE 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. 
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 (without CRC), which can be derived from the real service requirements. Then the equivalent SE per UE given the same TBS can be calculated as
.
2) DMRS 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 the comparison for NoMA, otherwise the bits per data RE will be different.
3) 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.
On one hand, 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. On the other hand, it also makes sense to consider LDPC for eMBB scenario since it is already agreed even if not as stable as Turbo code design. So we may suggest to taking Turbo code as one option for all three scenarios and in addition, to add LDPC code for eMBB scenario too for evaluation. 
4) Potential randomness in UE distribution and traffic arrival
There are many randomness factors in the network such as the random user distribution, or the random traffic arrivals. Such randomness are usually considered in the SLS so that LLS can focus more on the link transmissions that only deals with small scaling fading random wireless channels. Another reason not to focus on the randomness in the link level is that, it increases the simulation work load 10 times or higher just to smooth out the randomness so to get stable performance. It will be very hard to compare results and make recommendations if the randomness is not smoothed out. That’s the reason that we suggest to focus on the equal long term SNR distribution in LLS. And if unequal SNR must be evaluated in LLS, simplified model with several typical values of SNRs and percentage of users would be an acceptable solution. 
Similar, random traffic arrival should also be the main task in SLS. Although in our previous contribution [6], we employed random traffic arrival to justify the feasibility of UE activity detection and high reliability decoding in URLLC scenario, for NoMA LLS, we still suggest to taking fixed number of UEs as the starting point. With fixed number of UEs, it is easier to have a clear view on the principle of NoMA design.
Proposal 7: 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
· The DMRS overhead should be strived to keep the same for a given number of multiplexed UEs
· Turbo code should be taken as the channel coding option for all scenarios and for eMBB scenario, NoMA with LDPC should also be considered
· Randomness in UE distribution and traffic arrival should be mainly considered in the SLS 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.
Proposal 3: The link level evaluations of NoMA schemes in Rel-15 SI shall study and justify the benefits of different components based on the agreed unified framework.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 4: For grant-free NoMA transmission, the impact of MA signature collision should be studied in the link-level evaluations. 
Proposal 5: 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, and no DMRS collision can be the starting point for DMRS configuration. 
Proposal 6: 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. 
Proposal 7: 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
· The DMRS overhead should be strived to keep the same for a given number of multiplexed UEs
· Turbo code should be taken as the channel coding option for all scenarios and for eMBB scenario, NoMA with LDPC should also be considered
· Randomness in UE distribution and traffic arrival should be mainly considered in the SLS evaluations
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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
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