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1. Introduction
In RAN1 WG1 Meeting #92 [1], RAN1 held initial discussion on evaluation assumptions for NOMA. As a result, link level simulation assumptions were extensively discussed, and an agreement was reached [1]. The agreement covers all three main use cases of NOMA, namely; mMTC, URLLC and MBB. Furthermore, the following agreements on evaluation metrics were concluded; 
	· Adopt the following table as the metrics for NOMA study from link level point of view.
· More metrics may be added in the future
	Performance metrics 
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}  
Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
MCL 

	Implementation related metrics
	PAPR/cubic metric
Rx complexity and processing latency
FFS:  Configuration/Scheduling flexibility


 




During NOMA studies in Rel. 14 SI, preliminary SL simulations were performed to study throughput, overloading, and packet handling at different arrival rates. The results were summarized in [2], and captured in TR38.802 along with the simulation assumptions. 
In this contribution, we provide some recommendations on updated system level simulation assumptions to be used in the upcoming NOMA SI evaluations. 

2. System level simulation assumptions
Initial system level simulations were run during the Rel. 14 NOMA SI with a set of simulation assumptions. For the current SI, the same set of simulation assumptions can be reused as a baseline. In the following, some modifications to the assumptions are discussed.
2.1 Antenna configurations
For the UE, 1 TX can be considered as the baseline. Other antenna configurations can be considered as optional and will depend on the use case scenarios. For example, in URLLC and eMBB multiple transmit antennas at the UE could be used to enhance diversity or spatial multiplexing. For mMTC, the multiple transmit antennas may not be needed or feasible for the type of devices that will be used in this use case. 
For the scope of the NOMA study, we believe that only 1 TX antenna should be considered to clearly showcase potential NOMA gain without having any potential influence of spatial gain. 
 
2.2 Power control
Basic open loop power control scheme can be used as a baseline with closed loop power control settings studied as further enhancements. The parameter pair (α, P0) is required to define the power control settings where α represents the pathloss compensation factor and P0 represents the target received power. We suggest using (α, P0) = (1.0, -120 dBm).

2.3 Channel estimation
Realistic channel estimation should be used to evaluate the sensitivity of different NOMA schemes to the estimation errors. Rel. 15 made some progress on defining frame structure and DMRS configurations that can be used for channel estimation. Our preference is to reuse DMRS as the baseline for channel estimation schemes in the evaluations. Given that there are many possible DMRS configurations available, the same assumption from link level can be reused as a starting point to fix the overhead: 1 OFDM symbol every 7 OFDM symbol is used for DMRS. 
As discussed in [3], when DMRS are orthogonally assigned to users, the DMRS channel estimation error model can be based on an additive Gaussian noise error model that is a function of the number of REs used for DMRS.

 
In this model, SNR and NTR are the operating SNR point and multiplicity of the training samples. In the case when the DMRS are not orthogonal, collisions between DMRS need to be considered as well. One possible way to model the interference due to the DMRS collision is to demonstrate the net effect of collision by replacing SNR to SINR in the above model, 

.
Then, the additional variance term can be obtained as


where i is the set of colliding DMRS, gi is the pathloss, and hi is the small scale fading from the colliding user.  
Proposal 1 - Consider modeling the effect of colliding DMRS. 

2.4 HARQ
Initial NOMA system level evaluations did not mandate any specific number of HARQ retransmissions. Instead, the assumption allowed for any number of retransmissions within a period of either 1 second or 10 second after which a packet was deemed to be dropped if it could not be successfully received. Some use cases such as mMTC are more tolerant to delays and the number of retransmissions is more flexible. Other use cases such as URLLC have more stringent performance requirements on reception delays.  
As a baseline, we suggest not using any retransmissions. Increasing the number of HARQ retransmissions can only improve detection and retransmissions can be used to enhance the performance once the basic performance of NOMA schemes is understood.

2.5 Metrics
Based on the Rel. 14 SI, there are four different performance metrics that can be used in mMTC scenario for the system level evaluation:
1. Single user BLER curve over SISO AWGN channel
2. CDF of effective SINR in dB at given traffic loading around 10% system PDR
3. CDF of packet drop rate per UE at given traffic loading around 10% system PDR
4. System PDR vs PAR at given total allocated bandwidth

At the time of the Rel. 14 SI, only mMTC was considered; however, performance evaluations in mMTC, URLLC, and eMBB require different metrics. NOMA schemes should be compared and judged based on scenario-specific KPIs. For example, in URLLC, the packet latency needs to be measured while in eMBB throughput is the metric of interest. 
For URLLC, we suggest providing the CDF of packet latency, where latency is defined as the amount of time it took to successfully receive a packet, including the queueing time. 
For eMBB, the CDF of user packet throughput should be provided where user packet throughput is defined as the amount of data transmitted per packet over the packet latency. 

3. Conclusions
In this contribution, we provided our views on system level simulation assumptions for NOMA evaluations. Our proposed changes are summarized in Table 1,2 and 3 and we make the following proposals: 
Proposal 1 - Consider modeling the effect of colliding DMRS. 
Proposal 2 - Use Table 1,2, and 3 for NOMA system level simulation assumptions. 
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Appendix
Table 1 System level simulation assumptions for NOMA evaluations in mMTC scenario
	Parameters
	Assumptions
	References

	Layout
	Single layer - Macro layer: Hex. Grid
	TR 38.802 Table A.2.1-3

	Inter-BS distance
	1732m
	TR 38.802 Table A.2.1-3

	Carrier frequency
	700MHz
	TR 38.802 Table A.2.1-3

	Simulation bandwidth
	Up to 6 PRBs
	Link level assumption

	Number of UEs per cell
	Companies report
	TR 38.802 Table A.2.2-2

	Channel model
	3D UMa
	TR 38.802 Table A.2.1-3

	UE Tx power
	23 dBm
	TR 38.802 Table A.2.1-3

	BS antenna configurations
	Rx: 2 or 4 ports;
2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
dH = dV = 0.5λ;
BS antenna downtilt: [96] degree.
	TR 38.802 Table A.2.1-3
TR 36.873 Table 7.1-1

	BS antenna height
	25m
	TR 38.802 Table A.2.1-3

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss
	TR 38.802 Table A.2.1-3
TR 36.873 Table 7.1-1

	BS receiver noise figure
	5dB
	TR 38.802 Table A.2.1-3

	UE antenna configuration
	1Tx
	TR 38.802 Table A.2.1-3

	UE antenna height
	Follow the modelling of TR 36.873, i.e. multi-floor
	TR 36.873 Table 6-1

	UE antenna gain
	0dBi
	

	Traffic model
	Packet arrival per UE: Poisson arrival with arrival rate λ;
packet size: [40] bytes;
Packet dropping timer: 1s as baseline.
	TR 38.802 Table A.2.2-2

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell
	TR 38.802 Table A.2.1-3

	UE power control
	(α, P0) = (1.0, -120 dBm)
	

	HARQ
	1 as baseline
	TR 38.802 Table 9.1.2-7

	BS receiver
	MMSE-IRC as the baseline receiver;
Note: Advanced receiver is not precluded.
	TR 38.802 Table A.2.1-3

	Channel estimation
	Realistic
DMRS collisions modeled
	TR 38.802 Table A.2.1-3









Table 2 System level simulation assumptions for NOMA evaluations in URLLC scenario
	Parameters
	Assumptions
	References

	Layout
	Single layer - Macro layer: Hex. Grid
	TR 38.802 Table A.2.4-1

	Inter-BS distance
	500m
	TR 38.802 Table A.2.4-1

	Carrier frequency
	4GHz
	TR 38.802 Table A.2.4-1

	Simulation bandwidth
	12 PRBs
	Link level assumption

	Number of UEs per cell
	Companies report
	

	Channel model
	3D UMa
	TR 38.802 Table A.2.4-1

	UE Tx power
	23 dBm
	TR 38.802 Table A.2.4-1

	BS antenna configurations
	Rx: 4 or 8 ports;
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
8 ports: (M, N, P, Mg, Ng) = (10, 4, 2, 1, 1), 8 TXRU;
dH = 0.5λ, dV = 0.8λ;
BS antenna downtilt: [96] degree
	TR 38.802 Table A.2.1-4
TR 36.873 Table 7.1-1

	BS antenna height
	25m
	TR 38.802 Table A.2.4-1

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss
	TR 36.873 Table 7.1-1

	BS receiver noise figure
	5dB
	TR 38.802 Table A.2.4-1

	UE antenna configuration
	1Tx
	TR 38.802 Table A.2.1-3

	UE antenna height
	Follow the modelling of TR 36.873, i.e. multi-floor
	TR 36.873 Table 6-1

	UE antenna gain
	0dBi
	

	Traffic model
	FTP Model 3 with Poisson arrival, packet size is [32] bytes.
	TR 38.802 Table A.2.4-1

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell
	TR 38.802 Table A.2.1-3

	UE power control
	(α, P0) = (1.0, -120 dBm)
	

	HARQ/Repetition
	1 as baseline
	TR 38.802 Table 9.1.2-7

	BS receiver
	MMSE-IRC as the baseline receiver;
Note: Advanced receiver is not precluded.
	TR 38.802 Table A.2.4-1
TR 38.802 Table A.2.1-3

	Channel estimation
	Realistic
DMRS collisions modeled
	TR 38.802 Table A.2.4-1














Table 3 System level simulation assumptions for NOMA evaluations in eMBB scenario
	Parameters
	Assumptions
	References

	Layout
	Single layer - Macro layer: Hex. Grid
	TR 38.802 Table A.2.2-1

	Inter-BS distance
	200m
	TR 38.802 Table A.2.2-1

	Carrier frequency
	4GHz
	TR 38.802 Table A.2.2-1

	Simulation bandwidth
	12 PRBs
	Link level assumption

	Number of UEs per cell
	Companies report
	

	Channel model
	3D UMa
	TR 38.802 Table A.2.1-1

	UE Tx power
	23 dBm
	TR 38.802 Table A.2.1-1

	BS antenna configurations
	Rx: 4 or 8 ports;
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
8 ports: (M, N, P, Mg, Ng) = (10, 4, 2, 1, 1), 8 TXRU;
dH = 0.5λ, dV = 0.8λ;
BS antenna downtilt: [96] degree
	TR 38.802 Table A.2.2-1
TR 36.873 Table 7.1-1

	BS antenna height
	25m
	TR 38.802 Table A.2.1-1

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss
	TR 36.873 Table 7.1-1

	BS receiver noise figure
	5dB
	TR 38.802 Table A.2.1-1

	UE antenna configuration
	1Tx
	TR 38.802 Table A.2.2-1

	UE antenna height
	Follow the modelling of TR 36.873, i.e. multi-floor
	TR 36.873 Table 6-1

	UE antenna gain
	0dBi
	

	Traffic model
	FTP Model 3 with Poisson arrival, packet size is [100] bytes.
	TR 36.881 Table A1.7-2

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell
	TR 38.802 Table A.2.1-3

	UE power control
	(α, P0) = (1.0, -120 dBm)
	

	HARQ
	1 as baseline
	TR 38.802 Table 9.1.2-7

	BS receiver
	MMSE-IRC as the baseline receiver;
Note: Advanced receiver is not precluded.
	TR 38.802 Table A.2.1-3

	Channel estimation
	Realistic
DMRS collisions modeled
	TR 38.802 Table A.2.1-3
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