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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#94bis, additional agreements of system-level evaluations assumption on sidelink for NR V2X were taken, with the definition of profiles. In this contribution, we provide system-level performance evaluations based on the adopted profiles.
[bookmark: _Ref129681832]System evaluation assumptions
The profiles are shown in Table 1. The other simulation assumptions follows TR.37885. For resource allocation, we use transmission mode 1 (gNB-controlled).

[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 1: simulation assumption for V2V links
	
	Unicast
	Multicast
	Broadcast
	Mixture

	Sidelink frequency (GHz)
	6, 30
	6, 30 
	6, 30
	6, 30

	Traffic models
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets.
Aperiodic: Medium intensity, 100% vehicles generate packets.
Periodic and aperiodic traffic are simulated separately.
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets.
Aperiodic: Medium intensity, 100% vehicles generate packets.
Periodic and aperiodic traffic are simulated separately.
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets
Aperiodic: Medium intensity, 100% vehicles generate packets.
Periodic and aperiodic traffic are simulated separately.
	33%, 33%, 34% vehicles generate unicast, multicast, broadcast packets, respectively. For each traffic type, 50% is periodic and 50% is aperiodic.
Periodic: Medium intensity; 100 ms inter-packet arrival
Aperiodic: Medium intensity

	Simulation environment, UE drop and mobility
	Highway: Option A
Urban: Option A
	Highway: Option A
Urban: Option A
	Highway: Option A
Urban: Option A
	Highway: Option A
Urban: Option A

	Number of Tx/Rx antenna elements for vehicle UE*
	2Tx/4Rx for 6 GHz
FFS for 30 GHz
	2Tx/4Rx for 6 GHz
FFS for 30 GHz
	2Tx/4Rx for 6 GHz
FFS for 30 GHz
	2Tx/4Rx for 6 GHz
FFS for 30 GHz

	Antenna model for vehicle UE
	Option 1
	Option 1
	Option 1
	Option 1

	Channel model
	As defined
	As defined
	As defined
	As defined

	SL simulation bandwidth (MHz)
	20 MHz for 6 GHz
100 MHz for 30 GHz
	20 MHz for 6 GHz
100 MHz for 30 GHz
	20 MHz for 6 GHz
100 MHz for 30 GHz
	20 MHz for 6 GHz
100 MHz for 30 GHz



For RB allocation, when one packet is too big to fit into one slot, the packet is segmented into several smaller packets. The calculation and statistics of PRR follow TR 37.885. Packets that are available at the UE, but not scheduled, thus not transmitted, are included in the PRR computation. The resource allocation in this section uses NR-V2X mode 1 with dynamic packet allocation. The detailed scheduling and MCS selection schemes are shown in appendix A. 

System evaluation results for 6 GHz
Broadcast evaluation
In this section, the performances of broadcast transmission for V2V links are given according to the ‘broadcast’ profile. 
Highway-UE drop A
Periodic-2 traffic
In this sub-section, the NR V2X system performance is evaluated for periodic traffic model 2. Figure 1 shows the PRR performance for this scenario. The PRR is close to 100%, and the differences among different sub-carrier spacings are negligible. Due to the nearly optimal performance on PRR, the value of PIR is equals to the traffic period, i.e. 50 ms.
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	Figure 1: Average PRR for highway-A-periodic 2
	Figure 2: Average throughput for highway-A-periodic 2
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Figure 3: Average PIR for highway-A-periodic 2

Aperiodic-1 traffic
The performance of aperiodic-1 traffic is evaluated in this sub-section. From TR 37.885, the mean of inter-packet arrival for aperiodic-1 traffic is relatively long (approximately 100ms), thus the PRR in Figure 4 is also close to 1, since the traffic load is low. Since the average packet size for aperiodic-1 is larger than periodic-2, the per-UE throughput in Figure 5 is slightly larger than that in Figure 2. In addition, the PIR in Figure 6 also equals to the mean of inter-packet arrival for aperiodic-1 traffic.
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	Figure 4: Average PRR for highway-A-aperiodic 1
	Figure 5: Average throughput for highway-A-aperiodic 1
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Figure 6: Average PIR for highway-A-aperiodic 1
Observation 1: For highway-A deployment, all the performance metrics for periodic -2 and aperiodic -1 broadcast traffic are close to the optimal values.

Urban-UE drop A 
Periodic-2 traffic
In this sub-section, the performance of urban-A drop for periodic -2 traffic is given. Although inter-packet arrival for the periodic -2 traffic is increased to 50 ms, the performance of PRR in Figure 7 is significantly worse than that in Figure 1, because the UE density for urban deployment is larger than that for highway scenario. In addition, pathloss modelling are quite different for these two UE drop options. For urban-A drop, the NLOS modeling are considered, whereas only LOS and NLOSv are considered for highway-A drop. The fluctuation of per-UE throughput in Figure 8 is due to the varied number of UE for the different distance range.
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	Figure 7: Average PRR for urban-A-periodic 2
	Figure 8: Average throughput for urban-A-periodic 2
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Figure 9: Average PIR for urban-A-periodic 2

Aperiodic-1 traffic
In this sub-section, the performance of urban-A drop with aperiodic traffic model 1 is shown. The performance of aperiodic-1 traffic exhibits similar trends with that in periodic-2 traffic.
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	Figure 10: Average PRR for urban-A-aperiodic 1
	Figure 11: Average throughput for urban-A-aperiodic 1
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Figure 12: Average PIR for urban-A-aperiodic 1

Observation 2:  For urban-A deployment, significant performance degradations due to pathloss can be observed for both periodic -2 and aperiodic -1 broadcast traffic.

Groupcast evaluation
In this section, the performance of groupcast transmission for highway and urban scenarios is evaluated. The group member is defined as the UE located within 320 meters and 150 meter from the transmitter for the highway-A drop and urban-A drop, respectively. In this contribution, one-shot transmission without HARQ scheme is used for both groupcast and unicast to provide a baseline evaluation. The performance metrics (PIR/PRR/throughput) are calculated by averaging across the group.

Highway UE drop A
Periodic-2 traffic
The performance of periodic -2 traffic for highway-A deployment within 320 meters is given in Table 2. Similar with broadcast performance in section 3.1.1.1, the groupcast performance of PRR is also close to 1. The groupcast performance with different distance range is shown in Figure 13-15. The distance index (i) here indicates the distance range as i*20 meters, i = 1, 2,...,16. The increased throughout is due to the larger distance range.
Table 2: Groupcast performance evaluation for Highway-A-Periodic 2
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	99.69
	2.9328
	0.05007

	30KHz
	99.80
	2.9363
	0.05005

	60KHz
	99.84
	2.9372
	0.05004
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	Figure 13: Average PRR for highway-A-periodic 2
	Figure 14: Average throughput for highway-A-periodic 2


 [image: C:\Users\d00373424\AppData\Roaming\eSpace_Desktop\UserData\d00373424\imagefiles\51362264-F5B5-4F62-825C-F88899943C54.png]
Figure 15: Average PIR for highway-A-periodic 2


Aperiodic-1 traffic
The groupcast performance of aperiodic-1 traffic for highway-A deployment is given in Table 3, which shows the similar trend with that in Table 2.
Table 3: Groupcast performance evaluation for Highway-A-Aperiodic 1
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	98.64
	3.6694
	0.09740

	30KHz
	99.84
	3.6754
	0.09761

	60KHz
	99.77
	3.6720
	0.09761
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	Figure 16: Average PRR for highway-A-aperiodic 1
	Figure 17: Average throughput for highway-A-aperiodic 1
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Figure 18: Average PIR for highway-A-aperiodic 1

Observation 3: For highway-A deployment, groupcast transmission within 320 meters provides nearly optimal performance metrics.
Urban-UE drop A
The groupcast performance for urban-A drop is given in this sub-section. 
Periodic-2 traffic
Table 4: Groupcast performance evaluation for urban-A-Periodic 2
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	98.10
	2.4179
	0.05038

	60KHz
	96.12
	2.3631
	0.05102
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	Figure 19: Average PRR for urban-A-periodic 2
	Figure 20: Average throughput for urban-A-periodic 2
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Figure 21: Average PIR for urban-A-periodic 2
Aperiodic-1 traffic
Table 5: Groupcast performance evaluation for urban-A-Aperiodic 1
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	96.00
	2.8954
	0.09944

	60KHz
	93.34
	2.7865
	0.10082
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	Figure 22: Average PRR for urban-A-aperiodic 1
	Figure 23: Average throughput for urban-A-aperiodic 1
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Figure 24: Average PIR for urban-A-aperiodic 1
Observation 4: For urban-A deployment, groupcast transmission within 150 meters shows slight degradation compared with highway-A deployment.

Unicast evaluation 
In this section, the performance of unicast transmission for highway and urban scenarios is evaluated. The receiver is randomly selected among the UE located from 320 meters and 150 meter from the transmitter for the highway-A drop and urban-A drop, respectively.
Highway –UE drop A
The unicast performance for highway-A deployment is given in this sub-section. 
Periodic-2 traffic
Table 6: Unicast performance evaluation for Highway-A-Periodic 2
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	99.88
	0.1667
	0.05012

	30KHz
	99.96
	0.1669
	0.05011

	60KHz
	99.98
	0.1669
	0.05013



Aperiodic-1 traffic
Table 7: Unicast performance evaluation for Highway-A-Aperiodic 1
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	99.75
	0.1349
	0.09791

	30KHz
	99.83
	0.1349
	0.09782

	60KHz
	99.73
	0.1348
	0.09817



Urban-UE drop A
The unicast performance for urban-A deployment is given in this sub-section. 
Periodic-2 traffic
Table 8: Unicast performance evaluation for urban-A-Periodic 2
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	98.23
	0.1766
	0.05011

	60KHz
	96.24
	0.1727
	0.05095



Aperiodic-1 traffic 
Table 9: Unicast performance evaluation for urban-A-Aperiodic 1
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	96.17
	0.1355
	0.09793

	60KHz
	94.16
	0.1316
	0.09907



Observation 5: For both highway-A deployment and urban-A deployment, unicast transmission provides similar performance metrics with groupcast.

Mixed traffic evaluation
In this section, the performance of mixed traffic is evaluated. 
Highway-UE drop A
Broadcast -Periodic-2 traffic
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	Figure 25: Average PRR for highway-A-periodic 2
	Figure 26: Average throughput for highway-A-periodic 2
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Figure 27: Average PIR for highway-A-periodic 2

Broadcast -Aperiodic-1 traffic
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	Figure 28: Average PRR for highway-A-aperiodic 1
	Figure 29: Average throughput for highway-A-aperiodic 1
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Figure 30: Average PIR for highway-A-aperiodic 1
Groupcast -Periodic-2 traffic
Table 10: Mixture-Groupcast performance evaluation for Highway-A-Periodic 2
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	99.45
	0.4698
	0.09971

	30KHz
	99.79
	0.4712
	0.10005

	60KHz
	98.80
	0.4711
	0.10007
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	Figure 31: Average PRR for highway-A-periodic 2
	Figure 32: Average throughput for highway-A-periodic 2
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Figure 33: Average PIR for highway-A-periodic 2
Groupcast -Aperiodic-1 traffic
Table 11: Mixture-Groupcast performance evaluation for Highway-A-Aperiodic 1
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	99.31
	0.6315
	0.09899

	30KHz
	99.87
	0.6345
	0.09898

	60KHz
	99.81
	0.6340
	0.09903
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	 Figure 34: Average PRR for highway-A-aperiodic 1
	Figure 35: Average throughput for highway-A-aperiodic 1
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Figure 36: Average PIR for highway-A-aperiodic 1
Unicast-Periodic-2 traffic
Table 12: Mixture-Unicast performance evaluation for Highway-A-Periodic 2
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	99.11
	0.07037
	0.1004

	30KHz
	98.22
	0.07291
	0.0999

	60KHz
	98.88
	0.07333
	0.1006



Unicast-Aperiodic-1 traffic
Table 13: Mixture-Unicast performance evaluation for Highway-A-Aperiodic 1
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	99.52
	0.09188
	0.09527

	30KHz
	99.76
	0.09208
	0.09571

	60KHz
	99.52
	0.09167
	0.09568



Urban-UE drop A
Broadcast -Periodic-2 traffic
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	Figure 37: Average PRR for urban-A-periodic 2
	Figure 38: Average throughput for urban-A-periodic 2
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Figure 39: Average PIR for urban-A-periodic 2

Broadcast -Aperiodic-1 traffic
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	Figure 40: Average PRR for urban-A-aperiodic 1
	Figure 41: Average throughput for urban-A-aperiodic 1
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Figure 42: Average PIR for urban-A-aperiodic 1
Groupcast -Periodic-2 traffic
Table 14: Mixture-Groupcast performance evaluation for Urban-A-Periodic 2
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	98.23
	0.4422
	0.10080

	60KHz
	97.05
	0.4365
	0.10152
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	Figure 43: Average PRR for urban-A-periodic 2
	Figure 44: Average throughput for urban-A-periodic 2


 [image: C:\Users\d00373424\AppData\Roaming\eSpace_Desktop\UserData\d00373424\imagefiles\F1375371-F568-4988-B7D6-4352366D373D.png]
Figure 45: Average PIR for urban-A-periodic 2
Groupcast -Aperiodic-1 traffic
Table 15: Mixture-Groupcast performance evaluation for Urban-A-Aperiodic 1
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	96.57
	0.4844
	0.09925

	60KHz
	94.28
	0.4685
	0.10088
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	 Figure 46: Average PRR for urban-A-aperiodic 1
	Figure 47: Average throughput for urban-A-aperiodic 1
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Figure 48: Average PIR for urban-A-aperiodic 1
Unicast-Periodic-2 traffic
Table 16: Mixture-Unicast performance evaluation for Urban-A-Periodic 2
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	99.28
	0.07408
	0.10050

	60KHz
	98.77
	0.07370
	0.10121



Unicast-Aperiodic-1 traffic
Table 17: Mixture-Unicast performance evaluation for Urban-A-Aperiodic 1
	Sub-carrier spacing
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	15KHz
	95.92
	0.09292
	0.09712

	60KHz
	94.24
	0.09050
	0.09856




Conclusions
In this contribution, system level evaluation results of NR V2X are presented. Based on the discussion, we make the following observations:
Observation 1: For highway-A deployment, all the performance metrics for periodic -2 and aperiodic -1 broadcast traffic is close to the optimal values.
Observation 2:  For urban-A deployment, significant performance degradations due to pathloss can be observed for both periodic -2 and aperiodic -1 traffics by broadcast.
Observation 3: For highway-A deployment, groupcast transmission within 320 meters provides nearly optimal performance metrics.
[bookmark: _GoBack]Observation 4: For urban-A deployment, groupcast transmission within 150 meters shows slight degradation compared with highway-A deployment. 
Observation 5: For both highway-A deployment and urban-A deployment, unicast transmission provides similar performance metrics with groupcast.
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Appendix A. scheduling and MCS schemes 
Table 18: Scheduling and MCS parameters for Highway-A-Periodic 2
	parameters
	sub-carrier spacing
	800
	1200

	sub
packet
 number
	15KHz
	1
	1

	
	30KHz
	1
	1

	
	60KHz
	2
	2

	modulation
order
	15KHz
	2
	2

	
	30KHz
	4
	4

	
	60KHz
	4
	4

	Code 
Rate
	15KHz
	0.34
	0.51

	
	30KHz
	0.34
	0.52

	
	60KHz
	0.36
	0.54



Table 19: Scheduling and MCS parameters for Highway-A-Aperiodic 1 
[image: ]

Table 20: Scheduling and MCS parameters on for urban-A-Periodic 2
	parameters
	sub-carrier spacing
	800
	1200

	sub
packet
 number
	15KHz
	1
	1

	
	60KHz
	4
	4

	modulation
order
	15KHz
	2
	2

	
	60KHz
	2
	2

	Code 
Rate
	15KHz
	0.34
	0.51

	
	60KHz
	0.36
	0.54



Table 21: Scheduling and MCS parameters for urban-A-Aperiodic 1
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