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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#94, some primary system-level evaluations on sidelink for NR V2X were provided in [3]. In this contribution, we build on the reasons provided in [3] and provide new system-level evaluations including more detailed assumptions. In particular, the performance of different sub-carrier spacing options, transmit diversity scheme, NR-V2X resource allocation mode 2, and groupcast transmission with and without HARQ is given. 
[bookmark: _Ref129681832]System evaluation assumptions
We use the assumptions of TR 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\30kHz\60 kHz

	Scheduling
	NR-V2X resource allocation mode 1\ mode 2

	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\SFBC



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. 

System evaluation results
Sub-carrier spacing evaluation
In this section, the performances of different sub-carrier spacing (15 kHz, 30 kHz and 60 kHz) for V2V broadcast transmission are given. The deployment is highway-A UE drop model. The 10 MHz, 20 MHz and 100 MHz simulation bandwidth are considered. 
At RAN1#94, the following agreements for resource allocation mechanism were achieved:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
The resource allocation in this section uses NR-V2X mode 1.
Highway –A-Periodic1
In this sub-section, the NR V2X system performance is evaluated for periodic traffic model 1. 

Figure 1 shows the PRR performance for this scenario. Since periodic traffic model 1 is low traffic intensity, the PRR is close to one, and the differences among different sub-carrier spacing are negligible. In addition, the per-UE throughput shown in Figure 2 and the PIR shown in Figure 3 also exhibit the similar performance gain among different bandwidth and sub-carrier spacing assumptions.  
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	    Figure 1: average PRR for highway-A-Periodic 1
	Figure 2 average throughput for highway-A-Periodic 1
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Figure 3: average PIR for highway-A-Periodic 1

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

Figure 4 shows the PRR for highway-A-Periodic 2 scenario. For 10MHz bandwidth, it can be observed that 15 kHz and 30kHz sub-carrier spacings outperform the 60kHz sub-carrier spacing, especially for the larger distance. The reason behind this is that in this simulation, SA (as shown in Table 1) is FDM multiplexed with data by 2 PRBs overhead. For a fixed bandwidth, there are fewer data PRBs for 60 kHz. Thus, the code rate is larger than that for 15 kHz and 30 kHz, and the influence of code rate becomes larger with the increasing distance. Note that the impact of code rate is more obvious for relatively small bandwidth. However, for both 20 MHz and 100 MHz bandwidth, it is shown that 60 kHz sub-carrier spacing outperforms 15 kHz and 30 kHz sub-carrier spacing. This happens because there are fewer UEs multiplexed in frequency with the larger subcarrier spacing, the blockage due to in-band emission is reduced. In addition, the per-UE throughput shown in Figure 4 and the PIR shown in Figure 6 exhibit similar performance trends.  
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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

Highway-A-Periodic 3
In this sub-section, the NR V2X system performance is evaluated for periodic traffic model 3. 

Due to the high traffic intensity, the overall performance of periodic traffic model 3 shows a significant degradation, and the differences among different sub-carrier spacing are not obvious.

	[image: C:\Users\d00373424\AppData\Roaming\eSpace_Desktop\UserData\d00373424\imagefiles\4002C9C5-1058-445D-9524-5D6C92F81157.png]
	[image: C:\Users\d00373424\AppData\Roaming\eSpace_Desktop\UserData\d00373424\imagefiles\BDCC5D2C-9352-4A4C-8FEB-1E4DB9D61C74.png]

	    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

Highway-A-Aperiodic1
In this sub-section, the performance of V2V links with aperiodic traffic model 1 is shown. 

Compared with periodic traffic model 1, the performance of aperiodic traffic model 1 shows a slight degradation, which is due to the larger traffic intensity. For the configuration of 10 MHz bandwidth and 60 kHz sub-carrier spacing, the degraded performance at larger distance is also due to the interference.
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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

Observation 1: For highway-A deployment, performance gains can be observed by 60 kHz sub-carrier spacing for 20 MHz and 100 MHz, compared to 15 and 30 kHz sub-carrier spacing.

Transmit diversity evaluation
In this section, the performance of transmit diversity schemes (small-delay CDD v.s SFBC) are compared for V2V broadcast transmission. The highway-A UE drop model is adopted, and periodic traffic model-1, periodic traffic model-2, and aperiodic traffic model-1 are evaluated. For these simulations, 60 kHz sub-carrier spacing is used, and 10 MHz, 20 MHz and 100 MHz simulation bandwidth are considered. 
Highway-A-Periodic1
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	    Figure 13: average PRR for highway-A-Periodic 1
	Figure 14: average throughput for highway-A-Periodic 1
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Figure 15: average PIR for highway-A-Periodic 1

Highway-A-Periodic2
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	    Figure 16: average PRR for highway-A-Periodic 2
	Figure 17: average throughput for highway-A-Periodic 2
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Figure 18: average PIR for highway-A-Periodic 2
Highway –A-Periodic3
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	Figure 19: average PRR for highway-A-Periodic 3
	Figure 20: average throughput for highway-A-Periodic3
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Figure 21: average PIR for highway-A-Periodic 3

Highway-A-Aperiodic1
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	Figure 22: average PRR for highway-A-Aperiodic 1
	Figure 23: average throughput for highway-A-Aperiodic1
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Figure 24: average PIR for highway-A-Aperiodic 1

For all the bandwidths, it can be observed that SFBC provides better performance gains than small-delay CDD.
Observation 2: For highway-A deployment, SFBC provides better performance gains than small-delay CDD for low and medium traffic intensity.

Resource allocation mode evaluation 
In this section, the performances of NR-V2X resource allocation mode 2 for V2V broadcast transmission are given. The highway–A UE drop model is used, and periodic traffic mode-2 is evaluated. In addition, 60kHz sub-carrier spacing is used, and 10MHz, 20MHz and 100MHz simulation bandwidth are considered. 
Figure 25 shows the PRR of NR-V2X resource allocation mode 2 for highway-A-Periodic 2 scenario. For all the 10MHz, 20MHz and 100MHz bandwidth, it can be observed that the performance of PRR degrades when distance increases. A similar conclusion can also be obtained from average per-UE throughput in Figure 26 and system PIR in Figure 27. For all performance indicators, as expected, mode-2 performance is much lower than for mode-1, re-affirming the importance of gNB control in the system design.
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	Figure 25: average PRR for highway-A-Periodic 2
	Figure 26: average throughput for highway-A-Periodic2
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Figure 27: average PIR for highway-A-Periodic 2

Observation 3: For periodic traffic model 2 (medium intensity), performance degrades when distance increases. Resource allocation mode-2 underperforms resource allocation mode-1.

Groupcast  evaluation
In this section, the performance of groupcast transmission is evaluated for the clustered model (highway platooning scenario). The deployment is selected as highway-C UE drop model in TR 37.885, where the clustered dropping is specified. For each cluster, the platoon leader is the first UE of the platoon. The transmitter is the platoon leader, and the target receivers are the platoon members that are in the same platoon as the transmitter. For this baseline performance evaluation, the non-clustered UEs are not transmitting. 
A 10 MHz simulation bandwidth is considered, and the chosen sub-carrier spacing is 60 kHz. The periodic traffic model-2 used in this simulation. In addition, resource allocation mode 1 for NR V2X is the transmission mode.
[bookmark: _GoBack]The groupcast transmission for both one-shot transmission without HARQ and retransmission with adaptive HARQ are evaluated in this section. For HARQ scheme, the frame structure follows SL Tx and Rx (feedback) self-contained configuration (Figure 2 in [4]). In each transmission, gNB schedules the initial transmission resources and the feedback timing to the platoon leader, then the platoon leader transmits the data to the platoon member on the scheduled resources. Each platoon member feeds back ACK or NACK to the platoon leader depending on whether it successfully receives the data. Whenever a NACK is received by the platoon leader, it forwards the NACK to the gNB to trigger retransmission scheduling. The maximum allowed retransmission number is 3. If only ACKs are received at the platoon leader, an ACK is forwarded to the gNB to trigger new data transmissions.
From Table 2, it can be observed that all the UE in our groupcast scenario can achieve 99.999% reliability with HARQ scheme.

[bookmark: _Ref525126525][bookmark: _Ref525126517]Table 2: Groupcast performance evaluation 
	Transmission mode
	System average PRR
	Reliability vs Percentage of UE

	
	
	90%
	99%
	99.99%
	99.99%
	99.999%

	Without HARQ
	98.355%
	95.50%
	85.50%
	81.11%
	81.11%
	81.11%

	With HARQ
	100%
	100%
	100%
	100%
	100%
	100%



Observation 4: For groupcast with periodic traffic model 2 (medium intensity), when transmitter is specified as platoon leader, all the UEs in the platoon can achieve 99.999% reliability by HARQ scheme.

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, performance gains can be observed by 60 kHz sub-carrier spacing for 20 MHz and 100 MHz, compared to 15 and 30 kHz sub-carrier spacing.
Observation 2: For highway-A deployment, SFBC provides better performance gains than small-delay CDD for low and medium traffic intensity.
Observation 3: For periodic traffic model 2 (medium intensity), performance degrades when distance increases. Resource allocation mode-2 underperforms resource allocation mode-1.
Observation 4: For groupcast with periodic traffic model 2 (medium intensity), when transmitter is specified as platoon leader, all the UEs in the platoon can achieve 99.999% reliability by HARQ scheme.
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