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1. Introduction 

In RAN #75 meeting, a new study item regarding non-orthogonal multiplexing access (NoMA) technique was approved [1]. Regarding the performance evaluation for NOMA, the objectives are shown as follows.
	1 non-orthogonal multiple transmission scheme
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.


In this contribution, we provide our views on the use scenarios applicable to NoMA and evaluation assumptions NoMA.
2. Use scenario and design target for NOMA
2.1. Use scenario
· mMTC

In Rel.14 NR study phase, mMTC was agreed as one use case for NOMA. mMTC scenario is targeting at operation with low complexity, low cost, massive connection and wide coverage features. The connection requirement for mMTC is 106 devices per km2. Besides, massive low cost and low power consumption devices are operated with sporadic UL small packet. If orthogonal multiple access is adopted, large amount of resources is needed to support massive connection, which may result in very low resource utilization. On the other hand, mMTC may need to be deployed in a narrow bandwidth, similar to NB-IoT. Therefore, limited resources for mMTC may also reduce the system capacity.

NOMA is very promising for mMTC scenario since connection capacity can be improved by multiplexing multiple UEs within the same set of bandwidth. During NR SI, NOMA applied for mMTC scenario has been well studied. The simulation results provided showed potential performance gains form NOMA in aspect of connection capacity. As discussed in NR Rel.15 WI, configured grant transmission is useful to reduce transmission latency, signaling overhead and UE power consumption. If resource sharing among multiple UEs is adopted for configured grant transmission, collision among different UEs on the same resources may occur. NOMA can be applied for configured grant transmission to improve robustness of configured grant, by using non-orthogonal multiplexing and advance receiver for UE separation.
· eMBB
For eMBB scenario, it is important to achieve high spectrum efficiency and user fairness. Typically, large packet size is applied for eMBB transmission to persuade high data rate. On the other hand, there are some types of traffic for eMBB which have infrequent transmission and small data, e.g. background traffic. For such kind of traffic, NOMA can be beneficial for improving resource utilization. In addition, for low latency traffic of eMBB, configured grant may be used. NOMA applied for configured grant can provide more robustness. 
· URLLC
For URLLC, very low latency and high reliability should be met. Configured grant transmission can be applied for URLLC transmission to reduce the latency. To ensure reliability, resources for configured grant transmission are preconfigured and can be separately reserved. However, reservation of a number of resources for sporadic traffic may reduce resource utilization. Thus NOMA can be potentially adopted for URLLC to improve the resource utilization. However, since URLLC scenario may be deployed with wide frequency bandwidth to reduce latency, the benefit from NOMA application needs further clarification.
Proposal 1: For NOMA study, mMTC and eMBB with small packet should be prioritized.
2.2. Design target
For different use scenarios of NOMA, the design targets should be different. For mMTC scenario, it is required to support massive connection. Thus the design target for NOMA is to improve the system capacity by overloading multiple UEs on the shared resources. Since massive UEs need to be connected to the network, MA signature can also be shared among different UEs. Besides, the traffic for mMTC scenario is infrequent and sporadic. Therefore, contention based transmission can be adopted because of the benefits for signaling overhead reduction and power saving. On the other hand, low PAPR transmission needs to be supported for mMTC to reduce the complexity and power consumption for device.
For eMBB scenario, it is purposed to achieve high throughput and thus improve spectrum efficiency. As mentioned in section 2.1, NOMA can be useful for infrequent and small packet transmission for eMBB scenario. Therefore, contention based transmission can be beneficial similarly as mMTC case, if limited resource is used. If wide bandwidth is adopted for eMBB scenario, MA signature can be pre-configured by network to further increase the robust of contention based transmission. To achieve good coverage of eMBB service, low PAPR transmission should be considered for eMBB.
For URLLC, it is required to achieve low latency and high reliability. To reduce the transmission latency, short transmission duration, e.g. mini-slot based transmission, is adopted, while in frequency domain wider bandwidth is occupied to facilitate fast data processing. In this case, MA signature should be preconfigured by network and dedicated MA signature needs to be used for different UEs, in order to ensure the high reliability of URLLC transmission.
Proposal 2: For the prioritized  use scenarios of NOMA, different design targets need to be used.

· mMTC: Improved connection density, reduced power consumption and low PAPR.

· eMBB: Improved power consumption and  good coverage

3. Evaluation methodology
3.1. Evaluation assumptions
Link level simulation can be used for comparisons among different NOMA schemes, while system level simulation is used for investigate the performance gains of NOMA over different use scenarios. To justify the performance gains from NOMA and whether/which NOMA schemes need to be specified, system level simulation is important. Due to limited time for NOMA SI, we should first focus on LLS for comparison of NOMA schemes.

Based on the summary of email discussion, we provide our views on the remaining issues of link evaluation assumptions.
1. Synchronization
The major target scenarios include mMTC and eMBB with infrequent small data. In such scenarios, UE may not be UL synchronized. NOMA transmission may provide significant gains in such scenarios, thus we prefer to support asynchronous UL transmission as well.
2. Waveform (data part)
Currently CP-OFDM and DFT-s-OFDM waveform are both assumed for NOMA performance evaluation. Whiel DFT-s-OFDM waveform is used for coverage limited scenario, CP-OFDM waveform can be used for UEs with good channel condition. In the evaluation, different waveform types for different UEs may need to be considered, at least for eMBB or mMTC scenarios.  

3. Allocated bandwidth

For mMTC scenario, narrow bandwidth is assumed, e.g. 4 or 6 RB. As in LTE NB-IoT, 1 RB should be considered for NR mMTC. For eMBB scenario, since wide bandwidth can be used, larger number of RB can be assumed.  

4.  BS antenna configuration

In Rel-15 NR, 4 Rx is supported at UE side and gNB side. Therefore, 4 Rx should be baseline for evaluation. Besides, performance with more Rx antennas at BS also needs to evaluated. If TDL model is used, low or medial correlation are preferred.

5. Distribution of avg. SNR

Unequal SNR distribution and equal SNR distribution need to be considered for the evaluation. 

Due to non-ideal power control, received power difference among different UEs may occur at BS side. Therefore, unequal SNR distribution should be assumed.
6. Other considerations for evaluation
· Overloading factor

To investigate the performance gains of non-orthogonal multiplexing, multiple UEs overloading on the same set of resources are assumed. Some examples of overloading factors can be {200%, 300%, 400%}.

· MU-MIMO vs NOMA

MU-MIMO is one special NOMA scheme that applies spatial domain dimension for multiplexing. For MU-MIMO, linear MMSE-IRC receiver or MMSE-SIC receiver can be adopted. In NR Rel15, MU-MIMO can be used for uplink. Therefore, comparison of performance between NOMA and MU-MIMO in uplink needs to be considered.

· Channel Coding

For mMTC and URLLC scenarios, Turbo coding is the offline conclusion. To further align performance of channel coding, number of iteration for Turbo decoding needs to be aligned, e.g. the number of iteration is 8.

Proposal 3: For link level and system level simulation arrangement:

· Link level results are more important for comparison between different schemes;

· System level results are mainly used to justify whethe NOMA schemes need to be specified for NR compared to OMA schemes;

Proposal 4: The following simulation assumptions should be considered:

· Synchronous and asynchronous UL transmission
· OFDM and DFT-s-OFDM waveform
· Relatively small number of allocated RBs
· BS antenna configuration with 4Rx and 8Rx
· Equal and Unequal SNR distribution

3.2. Performance metric
For the link and system level performance evaluation for NOMA, it was agreed to continue from the performance metrics identified in Rel-14 NR SI phase. In addition to that, more performance metrics need to be used due to more use scenarios to be studied in Rel-15 NOMA SI. From UE’s perspective, following performance metrics should be considered 

· PAPR

· Tx/Rx Complexity, e.g. in terms of transmission/reception processing latency
· Power consumption

· Signaling overhead

· Link level throughput considering DMRS overhead;

4. Conclusion

In this contribution, we discussed the use scenario and evaluation assumptions for NoMA study. The proposals are summarized below.
Proposal 1: For NOMA study, mMTC and eMBB with small packet should be prioritized.
Proposal 2: For the prioritized  use scenarios of NOMA, different design targets need to be used.

· mMTC: Improved connection density, reduced power consumption and low PAPR.

· eMBB: Improved power consumption and  good coverage

Proposal 3: For link level and system level simulation arrangement:

· Link level results are more important for comparison between different schemes;

· System level results are mainly used to justify whethe NOMA schemes need to be specified for NR compared to OMA schemes;

Proposal 4: The following simulation assumptions should be considered:

· Synchronous and asynchronous UL transmission

· OFDM and DFT-s-OFDM waveform

· Relatively small number of allocated RBs

· BS antenna configuration with 4Rx and 8Rx

· Equal and Unequal SNR distribution
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5. 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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