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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At RAN1#94bis, system-level evaluations assumptions on sidelink for NR V2X were agreed, and the definitions of profiles are shown in Table 1. In this contribution, we provide system-level performance evaluations based on these profiles. The other simulation parameters follow TR 37.885.
[bookmark: _Ref534841099][bookmark: _Ref521488396]Table 1: simulation assumptions 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



2. SLS evaluation for 6 GHz
In this section, we show the performance of the four scenarios respectively. Option A in highway and urban scenarios are adopted for UE drop. Resource allocation is based on mode-1, where the MCS parameters are provided in Appendix A. A data packet may be disassembled to multiple TBs if it is not possible for one slot transmission. The performance metric e.g. PRR or PIR follows the calculation defined in TR 37.885 [1]. Any outdated packet that cannot be scheduled within the latency window is dropped and counted as failed reception in the metrics. Similarly, any packet dropped at the receiver due to the half-duplex issue is considered failed reception in the metrics.
2.1. Broadcast scenario
In this section, the performance of broadcast in urban and highway scenarios are given according to the corresponding profiles.
Highway periodic traffic
The system performance of NR sidelink with periodic traffic is provided in this sub-section. The traffic period is 50ms from the simulation profile and the SCS used in simulation is 15KHz.  Figure 1 to Figure 3 show the performance of average PRR, average PIR and average throughput respectively. The average PRR of each region shown in Figure 1 is closed to 100% with nearly optimal channel state. The average PIR performance in Figure 2 is almost equal to the traffic period. The average throughput in Figure 3 is calculated per UE. 
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	[bookmark: _Ref534841215]Figure 1 Average PRR of broadcast periodic traffic in highway
	[bookmark: _Ref534916770][bookmark: _Ref534916726]Figure 2 Average PIR of broadcast periodic traffic in highway

	[image: ]

	[bookmark: _Ref534916921]Figure 3 Average throughput of broadcast periodic traffic in highway


Highway aperiodic traffic
The performance of aperiodic traffic in highway broadcast scenario is evaluated in this sub-section. The traffic load is relatively low as the average packet arrival interval is equal to 100ms, which results in a high average PRR in each region and a stable average PIR shown in Figure 4 and Figure 5. The packet size in aperiodic traffic is random generated from 200 bytes to 2000 bytes with a step of 200 bytes.  Thus, the average packet size is a little larger than that of periodic packet, which leads to a slightly growth in average throughput than that of periodic traffic.
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	[bookmark: _Ref534917265]Figure 4 Average PRR of broadcast aperiodic traffic in highway
	[bookmark: _Ref534917272]Figure 5 Average PIR of broadcast aperiodic traffic in highway

	[image: ]

	Figure 6 Average throughput of broadcast aperiodic traffic in highway


[bookmark: _Ref534918576]Observation 1: Both periodic and aperiodic traffic have optimal performance in highway deployment. 
Urban periodic traffic
The evaluation of periodic traffic in urban broadcast scenario is given in this sub-section. The environment in urban is much more complex than that in highway due to the increasing density of user and the blocking of building. NLOS channel exists in urban scenario whereas none in highway scenario. Pathloss may be larger than that of highway with the same distance between two UEs. Therefore, the performance of average PRR and average PIR degrade accordingly when the communication distance becomes larger.
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	Figure 7 Average PRR of broadcast periodic traffic in urban
	Figure 8 Average PIR of broadcast periodic traffic in urban

	[image: ]

	[bookmark: OLE_LINK3]Figure 9 Average throughput of broadcast periodic traffic in urban


Urban aperiodic traffic
The simulation results of aperiodic traffic in urban scenario are shown as below in Figure 10 to Figure 12. Although the mean packet arrival interval is increased to 100ms compared with periodic traffic, only 50% UEs generate packet in periodic traffic simulation which every UE generates packet in aperiodic traffic simulation. Thus, the performance of periodic and aperiodic traffic seems similar. 

However, for both periodic and aperiodic traffic, a dramatic growth can be observed when the distance index i equals to twelve in throughput evaluation result. According to the deployment of urban scenario, this phenomenon can be explained. The UE distribution is not uniform in the simulation map due to the building model in the urban scenario. According to the UE dropping, the number of vehicle UE increases dramatically around the intersection, results in a burst of throughput at the distance index twelve (noted that the building length is 250m), although the PRR is decreased to about 30%. Another burst of throughput can also be observed when the distance index equals to twenty-one. The distance index of twenty-one represents the communication range between 420m to 440m from the transmitter and the width of building is 433m falling within this distance interval. The growth of throughput is slight due to the relatively low PRR although the number of receiving UE increases.
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	[bookmark: _Ref534917810]Figure 10 Average PRR of broadcast aperiodic traffic in urban
	Figure 11 Average PIR of broadcast aperiodic traffic in urban

	[image: ]

	[bookmark: _Ref534917817]Figure 12 Average throughput of broadcast aperiodic traffic in urban


[bookmark: _Ref534918914]
Observation 2: The performance of both periodic and aperiodic traffic in urban deployment degrades significantly when the communication distance increase. 
2.2. Groupcast scenario
In this section, the performance of groupcast in urban and highway scenarios are given according to the corresponding profiles. The receiving UEs are determined by their locations within 320m and 150m from the transmitter in highway and urban scenario respectively.  
Highway periodic traffic
It seems that the performance of groupcast periodic traffic in highway scenario is similar with that of broadcast in sub-section 2.1.1. The average PRR is almost closed to one for all distances and the average PIR also maintains at a stable degree. However, the calculation method of average throughput is different from that in broadcast. The value corresponds to distance index i represents the accumulated throughput of distance from index zero to i. It can be observed that the average throughput performance tends to be a straight line. The evaluation result demonstrates that the average throughput in every range is uniform.
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	Figure 13 Average PRR of groupcast periodic traffic in highway
	Figure 14 Average PIR of groupcast periodic traffic in highway

	[image: ]

	Figure 15 Average throughput of groupcast periodic traffic in highway



Highway aperiodic traffic
The highway aperiodic traffic in groupcast scenario also reflects a similar performance with that of broadcast shown in sub-section 2.1.2. It seems that the channel state is optimal when the traffic load is low.
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	Figure 16 Average PRR of groupcast aperiodic traffic in highway
	Figure 17 Average PIR of groupcast aperiodic traffic in highway

	[image: ]

	Figure 18 Average throughput of groupcast aperiodic traffic in highway


[bookmark: _Ref534918929]Observation 3: Groupcast in highway scenario has similar performance with that in broadcast.
Urban periodic traffic
This sub-section gives the evaluation results of groupcast periodic traffic in urban scenario.
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	Figure 19 Average PRR of groupcast periodic traffic in urban
	Figure 20 Average PIR of groupcast periodic traffic in urban
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	Figure 21 Average throughput of groupcast periodic traffic in urban



Urban aperiodic traffic
This sub-section gives the evaluation result of groupcast aperiodic traffic in urban scenario.
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	Figure 22 Average PRR of groupcast aperiodic traffic in urban
	Figure 23 Average PIR of groupcast aperiodic traffic in urban

	[image: ]

	Figure 24 Average throughput of groupcast aperiodic traffic in urban


[bookmark: _Ref534918986][bookmark: _GoBack]It can be observed that the growth rate at distance index seven of the average throughput is obviously lower than the previous distance indexes in both periodic and periodic traffic scenario. This is due to the limited range in urban scenario for groupcast. The max range of groupcast in urban scenario is restricted as 150 meter. Thus, the average throughput at the distance seven falls down. 
Observation 4: For urban deployment, groupcast evaluation shows obvious degradation compared to groupcast simulation results in highway scenario. 
2.3. Unicast scenario
The performance of unicast transmission for highway and urban scenarios is provided in this section. Particularly, the receiving UE is randomly selected among the UEs located from 320m and 150m from the transmitter in highway and urban scenario respectively. The detail data is given in Table 2 and Table 3.
Highway periodic and aperiodic traffic
[bookmark: _Ref534961110]Table 2 Evaluation results in unicast highway scenario
	Scenario
	Traffic model
	Sub-carrier spacing
	Performance metric

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

	Highway
	periodic traffic
	15KHz
	98.72
	0.0721
	0.05007

	
	aperiodic traffic
	
	98.92
	0.0894
	0.09825



Urban periodic and aperiodic traffic
[bookmark: _Ref534963163]Table 3 Evaluation results in unicast urban scenario
	Scenario
	Traffic model
	Sub-carrier spacing
	Performance metric

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

	Urban
	periodic traffic
	15KHz
	98.19
	0.0685
	0.05054

	
	aperiodic traffic
	
	97.07
	0.0794
	0.09706



[bookmark: _Ref534920139]Observation 5: For both highway and urban deployment, unicast communication provides decent performance with periodic or aperiodic traffic.
2.4. Mixture scenario
The performance of mixture transmission for highway and urban scenarios are provided in this section. The ratio of broadcast, groupcast and unicast is 34%, 33% and 33% respectively. In addition, every UE generates packet.  Half of total UEs generate periodic traffic and the rest UE generate aperiodic traffic. The packet arrival interval of periodic traffic is 100ms. From the evaluation result below, the performance of broadcast, groupcast and unicast in mixture scenario is similar with that of each individual profile.
Highway scenario
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This sub-section gives the evaluation results of mixture communication mode in highway scenario.
1. 
2. 
2.1. 
2.2. 
2.3. 
2.4. 
2.4.1 
Broadcast periodic traffic
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	Figure 25 Average PRR of broadcast periodic traffic in mixture highway scenario
	Figure 26 Average PIR of broadcast periodic traffic in mixture highway scenario

	[image: ]

	Figure 27 Average throughput of broadcast periodic traffic in mixture highway scenario



Broadcast aperiodic traffic
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	Figure 28 Average PRR of broadcast aperiodic traffic in mixture highway scenario
	Figure 29 Average PIR of broadcast aperiodic traffic in mixture highway scenario
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	Figure 30 Average throughput of broadcast aperiodic traffic in mixture highway scenario



Groupcast periodic traffic
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	Figure 31 Average PRR of groupcast periodic traffic in mixture highway scenario
	Figure 32 Average PIR of groupcast periodic traffic in mixture highway scenario
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Figure 33 Average throughput of groupcast periodic traffic in mixture highway scenario



Groupcast aperiodic traffic
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Figure 34 Average PRR of groupcast aperiodic traffic in mixture highway scenario
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Figure 35 Average PIR of groupcast aperiodic traffic in mixture highway scenario

	[image: ]
Figure 36 Average throughput of groupcast aperiodic traffic in mixture highway scenario


Unicast periodic traffic

Table 4 Periodic traffic evaluation results in highway unicast scenario
	Traffic model
	Sub-carrier spacing
	Performance metric

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

	periodic traffic
	15KHz
	98.88
	0.0215
	0.10046



Unicast aperiodic traffic

Table 5 Aperiodic traffic evaluation results in highway unicast scenario
	Traffic model
	Sub-carrier spacing
	Performance metric

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

	aperiodic traffic
	15KHz
	98.28
	0.0245
	0.10091



Urban scenario
This sub-section gives the evaluation result of mixture communication mode in urban scenario.
2.4.1.1. Broadcast periodic traffic
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Figure 37 Average PRR of broadcast periodic traffic in mixture urban scenario
	[image: ]
Figure 38 Average PIR of broadcast periodic traffic in mixture urban scenario
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Figure 39 Average throughput of broadcast periodic traffic in mixture urban scenario


2.4.1.2. Broadcast aperiodic traffic
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Figure 40 Average PRR of broadcast aperiodic traffic in mixture urban scenario
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Figure 41 Average PIR of broadcast aperiodic traffic in mixture urban scenario

	[image: ]
Figure 42 Average throughput of broadcast aperiodic traffic in mixture urban scenario



2.4.1.3. Groupcast periodic traffic
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Figure 43 Average PRR of groupcast periodic traffic in mixture urban scenario
	[image: ]
Figure 44 Average PIR of groupcast periodic traffic in mixture urban scenario

	[image: ]
Figure 45 Average throughput of groupcast periodic traffic in mixture urban scenario


2.4.1.4. Groupcast aperiodic traffic

	[image: ]
Figure 46 Average PRR of groupcast aperiodic traffic in mixture urban scenario
	[image: ]
Figure 47 Average PIR of groupcast aperiodic traffic in mixture urban scenario

	[image: ]
Figure 48 Average throughput of groupcast aperiodic traffic in mixture urban scenario


2.4.1.5. Unicast periodic traffic

Table 6 Periodic traffic evaluation results in urban unicast scenario
	Traffic model
	Sub-carrier spacing
	Performance metric

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

	periodic traffic
	15KHz
	96.38
	0.0221
	0.10131



2.4.1.6. Unicast aperiodic traffic

Table 7 Aperiodic traffic evaluation results in urban unicast scenario
2.4.2 
2.4.2.1 
2.4.2.2 
2.4.2.3 
2.4.2.4 
2.4.2.5 
	Traffic model
	Sub-carrier spacing
	Performance metric

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

	aperiodic traffic
	15KHz
	94.27
	0.0274
	0.09744



[bookmark: _Ref535009167]Observation 6: The performance of broadcast, groupcast and unicast in mixture scenario is similar with that of each individual profile .
3. Conclusion
In the contribution, system level simulations on NR sidelink based on the agreed simulation assumptions and profiles are provided. Some observations are as following:
Observation 1: Both periodic and aperiodic traffic have optimal performance in highway deployment.
Observation 2: The performance of both periodic and aperiodic traffic in urban deployment degrades significantly when the communication distance increase.
Observation 3: Groupcast in highway scenario has similar performance with that in broadcast.
Observation 4: For urban deployment, groupcast evaluation shows obvious degradation compared to groupcast simulation results in highway scenario.
Observation 5: For both highway and urban deployment, unicast communication provides decent performance with periodic or aperiodic traffic.
Observation 6: The performance of broadcast, groupcast and unicast in mixture scenario is similar with that of each individual profile .
References
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Appendix A. MCS schemes adopted in simulation
Table 8 MCS parameters for highway and urban periodic traffic
	parameters
	sub-carrier spacing
	Packet size (byte)

	
	
	800
	1200

	Modulation order
	15KHz
	2
	2

	Code rate
	
	0.44
	0.59



Table 9 MCS parameters for highway and urban aperiodic traffic 
	parameters
	sub-carrier spacing
	Packet size (byte)

	
	
	200
	400
	600
	800
	1000
	1200
	1400
	1600
	1800
	2000

	Modulation order
	15KHz
	2
	2
	2
	2
	2
	2
	2
	4
	4
	4

	Code rate
	
	0.12
	0.19
	0.3
	0.44
	0.44
	0.59
	0.59
	0.37
	0.48
	0.48
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