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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92 and RAN1#92bis, the system-level evaluation parameters for NOMA have been agreed as in the Appendix. In this contribution, we present system-level evaluation results for URLLC scenario.
[bookmark: _Ref129681832]System-level Evaluation
Evaluation method
Evaluation Parameters
For the SLS evaluation of URLLC scenario, inter-site distance (ISD) of 200m and carrier frequency of 4GHz are assumed. The allocated bandwidth is 12 PRBs, and the subcarrier spacing is 60 KHz.  There are 10 UEs in each cell, and the UEs are preconfigured with periodic time/frequency resources. The packet arrival per UE is based on FTP model 3 with Poisson arrival. The packet size is 60 bytes, and the TBS is fixed to be 60 bytes. The length of each transmission opportunity (TO) and the periodicity of TOs are both 7 OFDM symbol (OS). One-symbol DMRS is assumed, and the DMRS pool size is 12, i.e., there is no DMRS collision. In the simulation, there is no HARQ retransmission, and the number of repetitions can be 1 or 2. The evaluated NOMA schemes and assumptions on the receiver are similar to that of mMTC scenario [1]. The evaluation parameters are summarized in Table 1.
Table 1. Assumptions for NOMA evaluation in URLLC scenario
	Parameters
	URLLC

	ISD + Carrier Frequency
	200m + 4GHz

	Simulation bandwidth & SCS
	12 PRBs, 60KHz

	Resource allocation
	12PRBs per UE

	Packet size
	60 bytes, no segmentation

	Time duration and periodicity of each TO
	7OS 

	HARQ/repetition
	1 or 2 repetition, no retransmission

	Number of UEs per cell
	10

	Packet arrival
	FTP Model 3, Poisson arrival

	UE power control
	P0 = -85 dBm, alpha = 0.93

	Number of BS antennas
	4Rx

	BS antenna downtilt
	102

	Channel estimation
	Realistic



Performance Metrics
As agreed in RAN1#92bis, the percentage of users satisfying reliability and latency requirements vs. packet arrival rate (PAR) is the performance metric for URLLC scenario [2]. The target reliability is 99.999% and the target delay requirement is 1ms.
The physical layer abstraction method has been presented in [3]. A simplified method system-level evaluation has been agreed in RAN1#93 [4], by which the mean BLER of a UE can be used to represent the reliability of the UE.  
Evaluation Results and Analysis 
Table 2 presents the configurations of evaluated NOMA schemes for SLS. For each configuration in terms of TBS, SF, and code rate (CR) for a NOMA scheme, the setting is the same for all the UEs and will keep unchanged during the simulation.
Table 2. Configurations of NOMA schemes 
	
	SCMA
	MUSA
	SL-RSMA
	ML-RSMA
	LCRS

	TBS = 60 bytes
	CR=0.287
	CR=0.574
	CR=0.574
	CR=0.287
	CR=0.287



TO = 7OS, 1 repetition  
Figure 1 shows the example of packet arrival and transmission when the length of TO is 7 OS and the number of repetition is 1. If one packet arrives during one TO, the packet will be transmitted at the next TO. If more than one packet arrive during one TO, then the packets will be transmitted according to the order of arrival.   


Figure 1. Example of packet arrival and transmission (1 repetition)

PAR vs Satisfied UE ratio
In Figure 2, the satisfied UE ratios versus the PARs for different NOMA schemes are presented. As the PAR increases, the satisfied UE ratio decreases. It can be observed that the performance of SCMA, ML-RSMA, and LCRS are similar, and better than that of MUSA and SL-RSMA. At the agreed target 95% of UEs satisfying the reliability and latency requirements, the PAR of different NOMA schemes are summarized in Table 3. The results show that SCMA has better performance than other NOMA schemes.
Observation 1: In URLLC scenario of TO=7OS and 1 repetition, the NOMA schemes with same code rate have similar performance (with SCMA slightly better than LCRS and ML-RSMA), and the NOMA schemes with lower code rate perform better than higher code rate.

[image: ]
Figure 2. Satisfied UE ratio vs. packet arrival rate
Table 3. PAR at Satisfied UE ratio = 95%
	Evaluated Schemes
	PAR at Satisfied UE ratio = 95% (pkts/s/cell)
	Relative gain of SCMA

	SCMA
	2350
	/

	MUSA
	1690
	39%

	SL-RSMA
	1690
	39%

	ML-RSMA
	2290
	2.5%

	LCRS
	2320
	1.3%


UE distribution
The UE distribution of different NOMA schemes when the PAR is 2000pkt/s/cell is shown in Figure 3. As there is no retransmission, the UE distribution is the same for all the NOMA schemes. It can also be observed that the number of UEs is less than 5 for almost all the cases.  
[image: ]
Figure 3. UE distribution (PAR = 2000pkts/s/cell)
Table 4. Statistics of UE distribution
	# of UEs
	SCMA
	MUSA
	SL-RSMA
	ML-RSMA
	LCRS

	0
	0.77635
	0.77635
	0.77635
	0.77635
	0.77635

	1
	0.19898
	0.19898
	0.19898
	0.19898
	0.19898

	2
	0.02302
	0.02302
	0.02302
	0.02302
	0.02302

	3
	0.00157
	0.00157
	0.00157
	0.00157
	0.00157

	4
	0.00007
	0.00007
	0.00007
	0.00007
	0.00007

	5
	0
	0
	0
	0
	0



Corresponding LLS Performance
Given the UE distribution, we can further verify the SLS results by LLS. When TBS is 60 bytes and the number of receive antennas is 4, the LLS performance in terms of required SNR at BLER=10-3 versus SNR is given in Figure 4. The LLS results show that SCMA, LCRS, and ML-RSMA have similar performance, and better than MUSA and SL-RSMA, which is consistent with the above SLS results. 
[image: ]
Figure 4. Required SNR @10E-3 
TO = 7OS, 2 repetitions
In order to improve the reliability, repetitions can be applied. Due to the low latency requirement of URLLC scenario, the number of repetitions cannot be too large. Figure 5 shows the example of packet arrival and transmission when the length of TO is 7 OS and the number of repetition is 2.

 
Figure 5. Example of packet arrival and transmission (2 repetitions)

In Rel-15 NR, the transmission of a TB with repetitions can start at a TO associated with RV0 in a period but must end at the last TO in the same period, which can be referred to as ‘flexible start’. Flexible start of the repetitions can help to reduce the queuing time of a TB while ending at the last TO can remove the ambiguity on HARQ ID calculation even if some of the repetitions are miss-detected. However, when the repetitions of a TB start at the TOs other than the first TO within a period, the actual repetition number of the TB will be less than the configured number K, which may have reliability issue especially for reliability-critical services. In this sense, to guarantee a low-latency and yet reliable transmission, repetitions should be continued in time as long as the repetition number hasn’t reached K and no early ACK or UL grant is received.
PAR vs Satisfied UE ratio
In Figure 6, the satisfied UE ratios versus the PARs for different NOMA schemes are presented. As the PAR increases, the satisfied UE ratio decreases. It can be observed that the performance of SCMA, ML-RSMA, and LCRS are similar, and better than that of MUSA and SL-RSMA. At the agreed target 95% of UEs satisfying the reliability and latency requirements, the PAR of different NOMA schemes are summarized in Table 5. The results show that SCMA can have better performance than other NOMA schemes. Compare the results in Figure 2 and Figure 6, we can also observe that more repetitions can help to improve the overall performance of URLLC scenario. 
Observation 2: In URLLC scenario of TO=7OS and 2 repetitions, the NOMA schemes with same code rate have similar performance (with SCMA performing better that LCRS and ML-RSMA), and the NOMA schemes with lower code rate perform better than higher code rate.
[image: ]
Figure 6. Satisfied UE ratio vs. PAR 
Table 5. PAR at Satisfied UE ratio = 95%
	Evaluated Schemes
	PAR at Satisfied UE ratio = 95% (pkts/s/cell)
	Relative gains of SCMA

	SCMA
	2930
	/

	MUSA
	2170
	35.1%

	SL-RSMA
	2170
	35.1%

	ML-RSMA
	2810
	4.3%

	LCRS
	2810
	4.3%



UE distribution
The UE distribution of different NOMA schemes when the PAR is 3000pkts/s/cell is shown in Figure 7. As there is no retransmission, the UE distribution is the same for all the NOMA schemes. It can also be observed that the number of UEs is less than 7 for almost all the cases.  Similar to the case of TO=7OS and 1 repetition, the SLS results are also consistent with the LLS results. 
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Figure 7. UE distribution (PAR = 3000pkts/s/cell)
Table 6. Statistics of UE distribution 
	# of UEs
	SCMA
	MUSA
	SL-RSMA
	ML-RSMA
	LCRS

	0
	0.45844
	0.45844
	0.45844
	0.45844
	0.45844

	1
	0.37209
	0.37209
	0.37209
	0.37209
	0.37209

	2
	0.13553
	0.13553
	0.13553
	0.13553
	0.13553

	3
	0.02936
	0.02936
	0.02936
	0.02936
	0.02936

	4
	0.00414
	0.00414
	0.00414
	0.00414
	0.00414

	5
	0.00041
	0.00041
	0.00041
	0.00041
	0.00041

	6
	0.00003
	0.00003
	0.00003
	0.00003
	0.00003



Receiver impact
In the above evaluation, the chip EPA hybrid IC receiver is used for all MA schemes. In this part, chip-MMSE hard IC receiver is used for SCMA and LCRS, block-MMSE hard IC receiver is used for MUSA and RSMA. 
The configurations of evaluated NOMA schemes for SLS is list in Table 2.  For each configuration in terms of TBS, SF, and code rate (CR) for a NOMA scheme, the setting is the same for all the UEs and will keep unchanged during the simulation.
TO = 7OS, 1 repetition  
PAR vs Satisfied UE ratio
In Figure 8, the satisfied UE ratios versus the PARs for different NOMA schemes are presented. As the PAR increases, the satisfied UE ratio decreases. It can be observed that the performance of SCMA, ML-RSMA, and LCRS are similar, and better than that of MUSA and SL-RSMA. It can be observed than there is very small performance loss for SCMA with chip-MMSE receiver compared with SCMA with EPA receiver at target 95% satisfied UE ratio, the same observation also can be obtained for LCRS.  
At the agreed target 95% of UEs satisfying the reliability and latency requirements, the PAR of different NOMA schemes are summarized in Table 7. The results show that SCMA with chip-MMSE receiver, LCRS with chip-MMSE receiver and ML-RSMA with block MMSE receiver have same performance, SCMA with chip-MMSE receiver can achieve better performance than MUSA with block-MMSE and SL-RSMA with block-MMSE receiver.
Observation 3: In URLLC scenario of TO=7OS and 1 repetition, SCMA with chip MMSE receiver have similar performance with ML-RSMA with block MMSE receiver, and the NOMA schemes with lower code rate perform better than higher code rate.
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Figure 8. Satisfied UE ratio vs. PAR 
Table 7. PAR at Satisfied UE ratio = 95%
	Evaluated Schemes
	PAR at Satisfied UE ratio = 95% (pkts/s/cell)
	Relative gain of SCMA

	SCMA, CMMSE
	2290
	/

	MUSA, BMMSE
	1690
	35%

	SL-RSMA, BMMSE
	1690
	35%

	ML-RSMA, BMMSE
	2290
	0%

	LCRS, CMMSE
	2290
	0%



UE distribution
As there is no retransmission, the UE distribution is the same for all the NOMA schemes with different receiver, and the UE distribution for all the NOMA schemes with different receiver when the PAR is 2000pkt/s/cell is same to figure 3. 
Corresponding LLS Performance
Given the UE distribution, we can further verify the SLS results by LLS. In LLS, chip-MMSE receiver is used for SCMA and LCRS, block-MMSE receiver is used for MUSA and RSMA. When TBS is 60 bytes and the number of receive antennas is 4, the LLS performance in terms of required SNR at BLER=10-3 versus SNR is given in Figure 4. The LLS results show that SCMA, LCRS, and ML-RSMA have very similar performance, and better than MUSA and SL-RSMA, which is consistent with the above SLS results. 
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Figure 9. Required SNR @10E-3 
TO = 7OS, 2 repetitions
PAR vs Satisfied UE ratio
In Figure 10, the satisfied UE ratios versus the PARs for different NOMA schemes are presented. As the PAR increases, the satisfied UE ratio decreases. It can be observed that the performance of SCMA, ML-RSMA, and LCRS are similar, and better than that of MUSA and SL-RSMA. 
Observation 4: In URLLC scenario of TO=7OS and 2 repetitions, SCMA with chip MMSE receiver have similar performance with ML-RSMA with block MMSE receiver, and the NOMA schemes with lower code rate perform better than higher code rate.
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Figure 10. Satisfied UE ratio vs. PAR 
Table 8. PAR at Satisfied UE ratio = 95%
	Evaluated Schemes
	PAR at Satisfied UE ratio = 95% (pkts/s/cell)
	Relative gain of SCMA

	SCMA, CMMSE
	2810
	-

	MUSA, BMMSE
	2150
	30%

	SL-RSMA, BMMSE
	2150
	30%

	ML-RSMA, BMMSE
	2810
	0%

	LCRS, CMMSE
	2810
	0%



UE distribution
As there is no retransmission, the UE distribution is the same for all the NOMA schemes with different receiver, and the UE distribution for all the NOMA schemes with different receiver when the PAR is 3000pkt/s/cell is same to figure 7. 

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we present the system-level evaluation results for URLLC scenario. Based on the discussion, we have following observations: 
Observation 1: In URLLC scenario of TO=7OS and 1 repetition, the NOMA schemes with same code rate have similar performance (with SCMA slightly better than LCRS and ML-RSMA), and the NOMA schemes with lower code rate perform better than higher code rate.
Observation 2: In URLLC scenario of TO=7OS and 2 repetitions, the NOMA schemes with same code rate have similar performance (with SCMA performing better that LCRS and ML-RSMA), and the NOMA schemes with lower code rate perform better than higher code rate.
Observation 3: In URLLC scenario of TO=7OS and 1 repetition, SCMA with chip MMSE receiver have similar performance with ML-RSMA with block MMSE receiver, and the NOMA schemes with lower code rate perform better than higher code rate.
Observation 4: In URLLC scenario of TO=7OS and 2 repetitions, SCMA with chip MMSE receiver have similar performance with ML-RSMA with block MMSE receiver, and the NOMA schemes with lower code rate perform better than higher code rate.
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Appendix
A.1 System-level evaluation parameters
Table 2 System-level assumptions for NOMA evaluation
	Parameters
	
URLLC


	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	
200m for 4GHz
500m for 700MHz


	Carrier frequency
	
4GHz or 700MHz


	Simulation bandwidth
	
12 PRBs


	Number of UEs per cell
	Companies report

	Channel model
	UMa in TR 38.901;
The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for SLS with frequencies below 6 GHz.

	UE Tx power
	Max 23 dBm

	BS antenna configurations
	2 Rx or 4 Rx for 700MHz;
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: companies to report, FFS a single value

4 Rx or 16 Rx for 4GHz;
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
16 ports: (M, N, P, Mg, Ng) = (10, 8, 2, 1, 1), 16 TXRU;
dH = 0.5λ, dV = 0.8λ;
BS antenna downtilt: companies to report, FFS a single value

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx as starting point

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi as starting point

	UE distribution
	
For URLLC:
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell;
Note: Other option(s) not precluded, e.g., 500m ISD, 80% of users are outdoors (3km/h), 20% of users are indoor (3km/h).


	UE power control
	Open loop PC for mMTC. Companies report the PC mechanisms used for eMBB and URLLC.

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic

	BS receiver
	Advanced receiver, with baseline scheme is MU-MIMO (e.g., has the capability of spatial differentiation)
Companies to provide analysis of complexity between baseline vs. advanced receivers
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