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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#80, a new SI was approved on V2X in NR. This SI is to study the support of advanced V2X services beyond services supported in LTE Rel-15 V2X. In addition, the NR V2X evaluation methodology was completed with the approval of TR37.885. In this contribution, we provide initial baseline evaluations for NR compliant with the evaluation methodology of TR37.885.

[bookmark: _Ref129681832]System evaluation assumptions
We use the assumptions of 37.885 for our simulations. The other simulation assumptions are provided in Table 1:
[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 1: simulation assumption
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	10 MHz\20 MHz\100 MHz

	Sub-carrier spacing 
	15 kHz\60 kHz

	Scheduling
	eNB scheduling “mode 1” with Round-Robin

	RB allocation
	Same for all UEs

	SA assumption
	FDM multiplexing with data. SA occupies 2RBs

	In-band emission
	According to TR 36.885 evaluation assumptions, with {W, X, Y, Z} = {3, 6, 3, 3}

	Synchronization
	ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	VUE antenna model
	TR 37.885 Option 1

	Transmit diversity
	Small delay-CDD



For RB allocation, when one packet is too big to fit into one slot, the packet is segmented into several smaller packets. For each scenario, the performance metrics of system average PRR, PIR and per-UE throughput are evaluated. 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. 

System evaluation results
Highway scenarios
In this section, the performances of V2V links for highway deployment with three UE drop models are given.
Highway–UE drop A
Highway –A-Periodic1
In this sub-section, the performance of V2V links with periodic traffic mode 1 assumption are given. 
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	[bookmark: _Ref521663615]Figure 1: average PRR for highway -A-Periodic 1
	[bookmark: _Ref521663623]Figure 2: average throughput for highway -A-Periodic 1
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[bookmark: _Ref521436608]Figure 3: average PIR for highway -A-Periodic 1
Figure 1 shows the PRR performance for highway-A-Periodic 1 scenario. Since periodic traffic mode 1 is low traffic intensity, the PRR is close to one, and the probability of losing packets is low. Note however that at larger distances, a deterioration can be observed with a subcarrier spacing of 15 kHz, whereas there is no such degradation at 60 kHz since with a larger subcarrier spacing, for a given bandwidth, the in-band emission interference is reduced (less RBs for the same bandwidth, thus less UEs frequency-multiplexed). The difference between 15 kHz and 60 kHz, whilst not very noticeable for low density traffic, will be more pronounced for the medium and high density traffics. 

Figure 2 and Figure 3 provide the performance of average per-UE throughput and system PIR. The average throughput is the same for all bandwidths. The system is not capacity limited. The average PIR shown in Figure 3 is close to the duration of period, which indicates that there is no consecutive packet loss. 
Observation 1: For periodic traffic model 1 (low intensity), all the performance metrics are close to the optimal values for highway -A deployment.

Highway –A-Periodic2
In this sub-section, the NR V2X system performance is evaluated for periodic traffic mode 2. 

Figure 4 shows the PRR for highway-A-Periodic 2 scenario. With the increase in traffic intensity compared with model 1, a degradation in PRR can be observed. Furthermore, the performance gains among different bandwidth and sub-carrier spacing assumptions are more apparent than that in periodic traffic 1. It can be observed that 60 kHz sub-carrier spacing significantly outperforms 15 kHz sub-carrier spacing. In addition, the per-UE throughput (shown in Figure 5) diminishes with distance, and the PIR (shown in Figure 6) increases with distance, although the increase is minimal for 100MHz bandwidth.
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	[bookmark: _Ref521664145]    Figure 4: average PRR for highway -A-Periodic 2
	[bookmark: _Ref521664166]Figure 5 average throughput for highway -A-Periodic 2
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[bookmark: _Ref521674048]Figure 6: average PIR for highway -A-Periodic 2
Observation 2: For periodic traffic model 2 (medium intensity), performance degradations can be observed for highway -A deployment.

Highway –A-Periodic3
In this sub-section, the performance of V2V links with periodic traffic mode 3 are given. 

With heavy traffic load, the trends observed for periodic model-3 become more pronounced. 
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	    Figure 7: average PRR for highway -A-Periodic 3	
	Figure 8: average throughput for highway -A-Periodic 3
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Figure 9: average PIR for highway -A-Periodic 3
Observation 3: For periodic traffic model 3 (high intensity), performance degradations are significant.

Highway –A-Aperiodic1
In this sub-section, the performance of V2V links with aperiodic traffic mode 1 is shown. 
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	    Figure 10: average PRR for highway -A-Aperiodic 1       	
	Figure 11: average throughput for highway -A-Aperiodic 1
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Figure 12: average PIR for highway -A-Aperiodic 1
Urban scenarios
In this section, the performances of V2V links for urban deployment with UE drop model A are given:
Urban–UE drop A
Urban –A-Periodic1
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	    Figure 13: average PRR for urban -A-Periodic 1	
	Figure 14: average throughput for urban -A-Periodic 1      
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Figure 15: average PIR for urban -A-Periodic 1

Urban –A-Periodic2
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	   	Figure 16: average PRR for urban -A-Periodic 2
	   Figure 17: average throughput for urban -A-Periodic 2
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        Figure 18: average PIR for urban -A-Periodic 2

Urban –A-Periodic3
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	      Figure 19: average PRR for urban -A-Periodic 3	
	   Figure 20: average throughput for urban -A-Periodic 3
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  Figure 21: average PIR for urban -A-Periodic 3

Urban –A-Aperiodic1
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	      Figure 22: average PRR for urban -A-Aperiodic 1
	 Figure 23: average throughput for urban -A-Aperiodic 1


[image: C:\Users\d00373424\AppData\Roaming\eSpace_Desktop\UserData\d00373424\imagefiles\03AAB750-A265-4DA4-9F2B-EB9D388A79B8.png]
Figure 24: average PIR for urban -A-Aperiodic 1
Observation 4: Because NLOS is frequent in urban deployment, meeting the system-level performance requirements is more difficult than for highway deployments.

Conclusions
In this contribution, evaluation result of NR V2V links are discussed. Based on the discussion, we propose the following observations:
Observation 1: For periodic traffic model 1 (low intensity), all the performance metrics are close to the optimal values for highway -A deployment.
Observation 2: For periodic traffic model 2 (medium intensity), performance degradations can be observed for highway -A deployment.
Observation 3: For periodic traffic model 3 (high intensity), performance degradations are significant.
Observation 4: Because NLOS is frequent in urban deployment, meeting the system-level performance requirements is more difficult than for highway deployments.
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Appendix A. Simulation results for other scenarios
A.1 Highway scenarios
[bookmark: _Toc456611003]A.1.1 Highway–UE drop B
A.1.1.1 Highway –B-Periodic1
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	      Figure 25: average PRR for highway -B-Periodic 1
	 Figure 26: average throughput for highway -B-Periodic 1
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         Figure 27: average PIR for highway -B-Periodic 1
A.1.1.2 Highway –B-Periodic2
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	       Figure 28: average PRR for highway -B-Periodic 2
	 Figure 29: average throughput for highway -B-Periodic 2
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Figure 30: average PIR for highway -B-Periodic 2
A.1.1.3 Highway –B-Periodic3
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	        Figure 31: average PRR for highway -B-Periodic 3
	 Figure 32: average throughput for highway -B-Periodic 3
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           Figure 33: average PIR for highway -B-Periodic 3
A.1.1.4 Highway –B-Aperiodic1
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	        Figure 34: average PRR for highway -B-Aperiodic 1
	 Figure 35: average throughput for highway -B-Aperiodic 1
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Figure 36: average PIR for highway -B-Aperiodic 1
A.1.2 Highway–UE drop C
A.1.2.1 Highway –C-Periodic1
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	        Figure 37: average PRR for highway -C-Periodic 1
	 Figure 38: average throughput for highway -C-Periodic 1
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 Figure 39: average PIR for highway -C-Periodic 1

A.1.2.2 Highway –C-Periodic2
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	        Figure 40: average PRR for highway -C-Periodic 2
	 Figure 41: average throughput for highway -C-Periodic 2
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     Figure 42: average PIR for highway -C-Periodic 2

A.1.2.3 Highway –C-Periodic3
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	        Figure 43: average PRR for highway -C-Periodic 3
	 Figure 44: average throughput for highway -C-Periodic 3
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      Figure 45: average PIR for highway -C-Periodic 3

A.1.2.4 Highway –C-Aperiodic1
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	        Figure 46: average PRR for highway -C-Aperiodic 1
	 Figure 47: average throughput for highway -C-Aperiodic 1
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Figure 48: average PIR for highway –C-Aperiodic 1
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