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Introduction
In RAN #75 meeting, the study item on non-orthogonal multiple access for NR has been approved [1].
This study will further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later. 
Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. The detailed objectives are to study the following:
1 non-orthogonal multiple transmission scheme
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)
Note: targeting common solution for mMTC, URLLC and eMBB small packet.
This contribution focuses on LLS for NoMA. Metrics, evaluation assumptions and related issues regarding LLS will be discussed. 
Discussion on metrics for evaluation
In previous SI, several metrics are defined for LLS, including BLER vs SNR, receiver complexity, sum throughput vs SNR and link budget. Taking these metrics as starting point, some other metrics should be also considered for fully observing the gains of NoMA schemes under different scenarios. As described in the SID, the discussion on NoMA is targeting common solution for mMTC, URLLC and eMBB small packet. Even though to our understanding, the mMTC scenario is more naturally suitable to utilize the features of NoMA schemes, like larger supported UE number, the evaluations for NoMA schemes should include all three scenarios. Different scenario will have different requirements and different KPIs. For example, eMBB usually cares more on data throughput and spectral efficiency. Meanwhile, mMTC focuses on large connection density and URLLC requires high reliability and low latency. As can be observed, evaluation metrics should be related to the requirements for specific scenario.
For eMBB, the most important KPI is data throughput and spectral efficiency. In this scenario, the sum-throughput at given block error rate (BLER) can be used as evaluation metric for LLS to evaluate the gains on spectral efficiency over conventional OFDM, especially for small data transmission. For URLLC, since reliability and latency should be guaranteed, BLER can be used to evaluate the robustness against various channel environments. The receiver complexity, especially the time complexity of the receive algorithm, can be considered to evaluate the delay of specific NoMA schemes, except for the detection and decoding processing delay, the delay caused by the procedure-wise design has significant impact. For mMTC, connection density, coverage as well as low cost should be considered. As a result, besides the sum-throughput under given number of supported UEs, link budget in terms of MCL which is used for evaluation of coverage, and PAPR used for evaluation of power consumption, should be considered for LLS evaluation. 
Most of above metrics are evaluated during previous SI except for PAPR. However, PAPR is important for mMTC scenario, since the mMTC devices usually have requirements on power consumption and coverage. Generally, the mMTC devices are low-cost and require long battery life [3]. The UE is required to last for 15 years on the promise of satisfying a certain amount of uplink and downlink data transmission, without charging. Meanwhile, coverage of mMTC scenario has also extended, i.e., MCL requirement is 164 dB. Considering that the PAPR of the signals has great influence on the power consumption and high PAPR requires large power back-off, which will lead to lower average power and result in smaller coverage, the PAPR performance should be studied and evaluated by LLS.
Proposal 1: Metrics for LLS evaluation should consider the requirements and KPIs of scenarios.
Proposal 2: PAPR can be considered as one LLS performance metric at least for mMTC scenario.
Discussion on evaluation assumptions for LLS
In the NoMA study of Rel-14 NR study item, the evaluation assumptions for LLS and SLS have been discussed and the preliminary LLS evaluation results for NoMA schemes proposed by various companies have been reported and captured by TR 38.802 [2]. However, the NoMA study should be based on the latest progress in NR study, it is better to go through the evaluation assumptions based on both the current Rel-15 status and the outcome of the Rel-14. The potential evaluation assumptions are listed in Table 1.
Table 1 – LLS assumptions for 3 scenarios.
	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.
	6 or 12* RB as baseline, and 4 RB as optional.
	4 or 6* RB as baseline, and 12 RB as optional
	· The same for non-orthogonal MA and baseline OFDMA.
· The value with * is selected for the baseline OFDMA calibration.

	Target per UE spectral efficiency 
(another alternative is TBS)
	[0.01, 0.1, 0.2, 0.3, 0.4, 0.5] 

	[0.1, 0.2, 0.3, 0.4, 0.5]
	[0.1, 0.2, 0.3, 0.4, 0.5]
	· The same total spectral efficiency (per UE SE x number of UEs) for non-orthogonal MA and OFDMA baseline.
· Company reports the MCS.
· Without short-term (per TTI) MCS adaptation.
· *One value should be selected for the baseline OFDMA calibration.

	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	6 UEs as mandatory for comparison, other values 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).
· *One value (e.g., 6 UE) should be selected for the baseline OFDMA calibration.

	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
	

	Channel estimation
	Realistic channel estimation, 
Ideal channel estimation results should also be reported 
	

	MA signature allocation (for data)
	Fixed
	Fixed
	Fixed
	Random MA signature allocation is optional.

	DMRS allocation
	Proponents report the details of DMRS, and the details of DMRS should be based on NR patterns.
	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
	Equal

	Equal
	Equal
	Unequal SNR as optional, 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



Proposal 3: the LLS assumptions in Table 1 are considered to be adopted. 
Considerations on channel coding
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]It has been agreed that LDPC is adopted as channel coding for at least data channel of eMBB scenario. Meanwhile, currently, Turbo code has not been adopted by data or control channel. As a result, it is naturally for eMBB scenario, the LDPC coding scheme is adopted. For URLLC case and mMTC case, considering the coding schemes for neither URLLC case nor mMTC case are discussed, using both LDPC and Turbo are fine. For simplicity, we can follow the Rel-14 assumption as using Turbo as starting point, unless we can have a quick consensus on the coding scheme for URLLC case and mMTC case.
[bookmark: OLE_LINK6]Proposal 4: For eMBB scenario, LDPC can be considered as channel coding scheme. 
Considerations on DMRS assumption
In the previous evaluations, the DMRS assumptions same as LTE UL are used in the LLS, where the DMRS density is fixed to 2 symbols per sub-frame and the generation and position of DMRS is also based on LTE UL. Since the evaluation of performance under realistic channel estimation is an important aspect for LLS, the DMRS pattern should be carefully selected. 
Considering that the DMRS patterns for NR PUSCH have been confirmed, NR DMRS patterns can be used for calibration purpose. Among the DMRS patterns specified in TS38.211, the DMRS position for PUSCH mapping type A with 14 symbols PUSCH duration can be considered, where all the symbols within UL slot can be used for UL data transmission.
As for evaluation purpose, NR DMRS pattern still can be used as a starting point. For other purpose, like capacity enhancement, the new DMRS pattern may be designed for mMTC or URLLC scenario. However, the detailed DMRS pattern targeting for capacity enhancement should be also compatible with NR DMRS structure. 
[bookmark: OLE_LINK1]Proposal 5: For calibration purpose, NR DMRS pattern is used for all three scenarios. For evaluation purpose, taking NR DMRS pattern as starting point, and companies report the detailed DMRS design which should be compatible with NR DMRS structure.
Considerations on unequal SNR distribution
The assumption of SNR distribution is important to evaluate the capability of suppress multi-user interference for different schemes. Even from previous Rel-14 SI, the discussion on unequal SNR distribution was raised, which we understood this case is in favour of SIC-type receiver. Generally, two types of unequal SNR distribution were discussed:
a) Uniform distribution between [x-a x+a] dB.
b) Discrete values, e.g. 30% uers with x-a dB, 40% users with x dB, and 30% users with x+a dB.
However, both of these two options cannot reflect the reality where different users have different path-loss and open-loop power control cannot accurately compensate the path-loss, leading to different long-term SNRs for various users. Actually, it is better to evaluate the effect of this imbalance received powers among different users in SLS, instead of LLS. Thus we suggest the evolution of unequal SNR as optional for LLS.
On the other hand, the agreed channel models, i.e. TDL-A and TDL-C, are frequency-selective channels, which mean that although the average SNRs among users are the same, instantaneous received power of different users will have large differences. Since one important aspect of LLS is to observe the ability of suppressing MUI in a reasonable SNR range, the equal average SNR distribution is already sufficient. 
We suggest that the evaluation of unequal SNR distribution as best effort in this SI, and it is up to companies to report their favoured unequal SNR distribution assumptions.
[bookmark: OLE_LINK7]Proposal 6: Use equal SNR distribution as baseline in the LLS evaluation. Consider unequal SNR distribution as best effort and it is up to companies to report their favored unequal SNR distribution assumptions.

Other potential issues
As for target per UE spectral efficiency, specific values among one range should be defined to ease the evaluation and comparison. For example, [0.1, 0.2, 0.3, 0.4, 0.5] can be used as baseline, 0.01 can be considered as a case for extended coverage. Another alternatives for this issue is that we can use the TBS rather than the per UE spectral efficiency, as we will define the number of PRBs, number of OFDM symbols, the overhead of the DMRS, number of UEs, thus it’s could be very straightforward that by defining the value of TBS, it can reflect the comparison of spectral efficiency.
Observation 1: TBS can replace the per UE spectral efficiency in the LLS assumption. 
For MA signature allocation, we suggest that fixed MA signature allocation is used as baseline. If random MA signature allocation is considered, the evaluation effort will be increased. Meanwhile, since fixed MA signature allocation can also evaluate the collision among MA signatures, simulating the random MA signature allocation is not very beneficial.
For number of UEs, various values should be considered to evaluate the capability of supporting multiple UEs within given time/frequency resources. One potential selection is [4, 6, 8, 12], but one value, e.g., 6, should be selected as mandatory for sake of potential comparison.
Another issue is that whether to model random user arrival in LLS. Since LLS only evaluates the link performance of NoMA schemes, there is no strong motivation to evaluate random user arrival in LLS. Meanwhile, compared with LLS, the modelling of random user arrival in SLS is much easier and reasonable by defining appropriate traffic model. As a result, we suggest that only model random user arrival in SLS, rather than in LLS.
Conclusion
In this contribution, we discussed the consideration regarding the non-orthogonal multiple access for the new study item are discussed, like the targets scenarios, design targets and key design aspects.
Observation 1: TBS can replace the per UE spectral efficiency in the LLS assumption. 
Proposal 1: Metrics for LLS evaluation should consider the requirements and KPIs of scenarios.
Proposal 2: PAPR should be one LLS performance metric at least for mMTC scenario.
Proposal 3: the LLS assumptions in Table 1 are considered to be adopted. 
Proposal 4: For eMBB scenario, LDPC can be considered as channel coding scheme. 
Proposal 5: For calibration purpose, NR DMRS pattern is used for all three scenarios. For evaluation purpose, taking NR DMRS pattern as starting point, and companies report the detailed DMRS design which should be compatible with NR DMRS structure.
Proposal 6: Use equal SNR distribution as baseline in the LLS evaluation. Consider unequal SNR distribution as best effort and it is up to companies to report their favored unequal SNR distribution assumptions.
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