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This is a re-submission of R1-1713788. 
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 good starting point to continue with.
In this contribution, we mainly discuss the metrics, principles, and some other important considerations such as grant-free contention based transmission and advanced receiver related to link-level evaluations. 
[bookmark: _Ref129681832]Discussion 
As pointed out in [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 transmission without grant, 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
In Rel-14 study, the main scenario evaluated was mMTC, but in fact, NoMA is a general technology that can benefit all scenarios including eMBB, URLLC, and mMTC. As agreed in the SID of Rel-15 NoMA SI [1], NoMA design and evaluation in all three scenarios should be studied. 
As each deployment scenario requires different KPIs, the evaluation parameters should also be adjusted according to that specific scenario. 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 but in a scenario specific manner with scenario specific parameters.
LL evaluation metrics
For link level simulation, the following evaluation metrics are considered in Rel-14 NR SI for MA [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.
-	Overload 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 target 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 should be conducted in a component-block wise way 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 pool of MA signatures, 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. 
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, and turbo-MPA/EPA [3]. All of these advanced receivers have the outer-loop structure, which means there is information exchange (e.g., reconstruction and cancelation, or soft LLR feedback) between the multi-user detector and the per user FEC coder. 
In the coming NoMA SI, the performance, complexity, and latency of different advanced receivers should be further investigated. The design and analysis of advanced receivers should consider the requirements of different deployment scenarios. For example, the decoding delay is crucial for URLLC scenario which has to be accounted for in the receiver analysis. 
Proposal 5: 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 Rel-14 agreements
[bookmark: _GoBack]In Rel-14, the LL evaluation parameters for NoMA are summarized as in Table 1 in appendix. Some further consideration to revise the table may include the following. Firstly, as mentioned earlier, the parameters should be defined in a scenario specific manner. Secondly, many parameters are proponent-report, which may be enough to justify the gain of NoMA over OMA but may not be enough to recommend the design features. For instance, parameters like the target SE range, the frame structure, and the range for number of multiplexed users, should be clearly defined, and better aligned among proponents. Moreover, in order to derive sensible observations and correct recommendations, the parameters with less ambiguity and less uncertainty should be given higher priority. 
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 but in a scenario specific manner 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 should be conducted in a component-block wise way based on the agreed unified framework.
Proposal 4: For grant-free NoMA transmission, the impact of MA signature collision should be studied in the link-level evaluations. 
Proposal 5: 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. 
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Appendix
Table 1: Link-level evaluation assumptions [2]
	Parameters
	Values or assumptions
	Further specified values reported

	Carrier Frequency
	2 GHz
	

	Waveform
	OFDM /SC-FDMA
Other waveform is not precluded
	OFDMA with equal bandwidth and distributed subcarrier allocation or OFDMA with orthogonal Walsh code

	Numerology
	Same as Release 13
	

	System Bandwidth
	10 MHz
	Allocated bandwidth reported: 4RB, 6RB, 12RB
The same for non-orthogonal MA and OFDMA

	Target spectral efficiency
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed
	The same target per UE spectral efficiency for non-orthogonal MA and OFDMA
Without short-term (per TTI) MCS adaptation
Detail of reported target SE per user and the number of users are listed in Table 9.1.2-3

	BS antenna configuration
	2/4 Rx  as baseline
8Rx optional
	See Table 9.1.2-3

	UE antenna configuration
	1Tx
	

	Transmission mode
	TM1 (refer to TS36.213)
	

	SNR distribution of Multiple UEs
	Proponents report if single-user or multi-user LLS is used, and what SNR distribution is assumed.
	Either equal long-term SNR and/or unequal long-term SNR has been considered
Detail of assumptions listed in Table 9.1.2-3

	Propagation channel & UE velocity
	TDL for in TR 38.901 [15]  as mandatory
EPA, EVA, ETU as optional
3km/h, 30km/h, 120km/h
	See Table 9.1.2-3

	Max number of HARQ transmission
	1, 4
	1

	Channel estimation
	
	Either ideal and/or realistic channel estimation has been considered
Detail of assumptions listed in Table 9.1.2-3

	MA signature allocation
	
	Either fixed and/or random MA signature (e.g., codebook, sequence, interleaver, etc.) allocation has been considered
Detail of assumptions listed in Table 9.1.2-3

	Timing/frequency offset
	
	Frequency offset not considered
Timing offset of either within CP and/or beyond CP has been considered
Detail of assumptions listed in Table 9.1.2-3

	SNR definition
	
	SNR is either defined at the transmitter per layer or at the receiver as the sum per RE
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