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1. Introduction
In a received LS from SA 2 in R1-2007514 (LS on new PQI support for PC5 communication), SA2 is requesting RAN1’s feedback on two questions relating to achievable performance of reusing the existing V2X mechanism for PS and commercial services with new standardized PQIs. In this contribution, we provide simulation results to show the expected performance of meeting the two PC5 services.
2. Discussion
In the SA2’s LS (R1-2007514), the first question is related to whether the new standardized PQIs for Public Safety services in Table 1 and commercial services in Table 2 can be supported in the AS layers.
Table 1: New Standardized PQIs for Public Safety
	PQI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
	Default
Averaging Window
	Example Services

	New value#1

	GBR
	1
	150 ms

	10-2
	N/A
	2000 ms
	Mission Critical user plane Push To Talk voice (e.g. MCPTT)

	New value#2

	
	2
	200 ms

	10-2
	N/A
	2000 ms
	Non-Mission-Critical user plane Push To Talk voice

	New value#3

	
	2
	200 ms

	10-3
	N/A
	2000 ms
	Mission Critical Video user plane

	New value#4

	Non-GBR
	1
	120 ms

	10-6
	N/A
	N/A
	Mission Critical delay sensitive signalling (e.g. MC-PTT signalling)

	New value#5

	
	6
	400 ms

	10-6
	N/A
	N/A
	Mission Critical Data (e.g. example services are the same as 5QI 6/8/9)


According to the above Table 1, the new PQI value with most stringent requirements is “New value #4” for Public Safety services. As such, we simulated only for this new value and provided our results in the following. The idea is, If the most stringent PQI requirements can be met for this new value, it is safe to assume that other new PQI values can be met as well. Simulation assumptions used to generate these results are provided in the Appendix.
	
	SNR = 5dB
	SNR = 10dB
	SNR = 25dB
	SNR =35dB

	Success rate after 1st transmission
	0.991304
	0.998353
	0.999993
	1

	Success rate after 2nd transmission
	0.006613
	0.001261
	7E-6
	0

	Success rate after 3rd transmission
	0.001092
	0.000206
	0
	0

	Success rate after 4th transmission
	0.000347
	0.00007
	0
	0

	TB Error
	0.000643
	0.00011
	0
	0


Observation 1: For Public Safety services in Table 1, the most stringent PER requirement of 10-6 in New value #4 can be supported at least when UE is in a good geometric condition (e.g. SNR above 25 and possibly even below).
Table 2: New Standardized PQIs for commercial service
	PQI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
	Default
Averaging Window
	Example Services

	New value#1
	Delay Critical GBR
	5
	5ms

	10-4
	20000 bytes
	2000 ms
	Interactive service - consume VR content with high compression rate via tethered VR headset 

	New value#2
	
	6
	10ms

	10-4
	20000 bytes
	2000 ms
	interactive service - consume VR content with low compression rate via tethered VR headset;
Gaming or Interactive Data Exchanging;



Similarly, we simulated the new PQI value with most stringent requirements i.e. New value #1 for commercial services over PC5 interface, and we provided our results in the following. Simulation assumptions used to generate these results are also provided in the Appendix. Two different modulation schemes (16QAM and 64QAM) are used for comparison.

	
	16QAM
	64QAM

	
	SNR = 25dB
	SNR=30dB
	SNR=25dB
	SNR=30dB
	SNR=35dB

	Success rate after 1st transmission
	0.785649
	0.958507
	0.761927
	0.968177
	0.995108

	Success rate after 2nd transmission
	0.2048
	0.040972
	0.223648
	0.031307
	0.004892

	Success rate after 3rd transmission
	0.009551
	0.000521
	0.013003
	0.000516
	0

	Success rate after 4th transmission
	0
	0
	0.001171
	0
	0

	TB Error
	0
	0
	0.000251
	0
	0



Observation 2: For commercial services in Table 2, the most stringent PER requirement of 10-4 in New value #1 can be supported at least when UE is in a good geometric condition (i.e., SNR=25dB for 16QAM and SNR=30dB for 64QAM).
Conclusion 1: Based on the above provided simulation results and observations for performance evaluation of PS and commercial services, it can be concluded that the existing V2X mechanism is able to support these two services with new standardized PQIs over PC5 interface at least in FR1 with maximum bandwidth allocation.

In addition, it is stated in SA2’s LS (R1-2007514) that the MDBV values can be changed according to application requirements to override the default MDBV. For Example, for commercial service, to support required data rate of 10Gbps, the maximum MDBV value set by the application can be 12.5M byte. In SA2’s LS, the second question is related to what is the maximum MDBV value AS layer can support with the indicated PDB and PER in Table 2. In order to find the maximum MDBV value that can be supported by the AS layers, we simulated various MCS levels ranging from different modulation orders (i.e., 64QAM and 256QAM) and provided our results in the following.
	
	64QAM
	256QAM

	
	MCS=13
	MCS=15
	MCS=16
	MCS=17
	MCS=18
	MCS=22
	MCS=27

	Success rate after 1st transmission
	0.9364
	0.847114
	0.780917
	0.660279
	0.517549
	0.225257
	0.018385

	Success rate after 2nd transmission
	0.060613
	0.141157
	0.20285
	0.315905
	0.447047
	0.671108
	0.730412

	Success rate after 3rd transmission
	0.002988
	0.009862
	0.013011
	0.019299
	0.028002
	0.079654
	0.1937

	Success rate after 4th transmission
	0
	0.001867
	0.00316
	0.003696
	0.005036
	0.016083
	0.037572

	TB Error
	0
	0
	0.000062
	0.000821
	0.002365
	0.007899
	0.019913



Observation 3: It is observed the maximum MDBV value that can be supported by the AS layers using the existing V2X mechanism is when MCS=16 with 64QAM modulation with a maximum of 4 transmissions per TB and 30kHz SCS. The equivalent TB size is 295,176 bits. This translate into a maximum MDBV value of at least 36,897 bytes per 2ms.
Conclusion 2: Based on the above provided simulation results and observation, it can be concluded that the maximum MDBV value that can be supported by using the existing V2X mechanism is at least 36,897 bytes per 2ms in FR1 with maximum bandwidth allocation.

3. Draft reply LS answers
Answer to Q1): Based on RAN1 performance evaluation, it is concluded that the existing V2X mechanism is able to support these two services with new standardized PQIs over PC5 interface at least in FR1 with maximum bandwidth allocation.
Answer to Q2): Based on RAN1 performance evaluation, it is concluded that the maximum MDBV value that can be supported by using the existing V2X mechanism is at least 36,897 bytes per 2ms in FR1 with maximum bandwidth allocation.

Appendix: Simulation assumptions
Simulation assumptions used for performance evaluation of Q1
	Carrier frequency
	FR1

	Subcarrier spacing
	30 kHz

	Antenna configuration
	2Tx / 2Rx

	SL bandwidth allocation
	12 PRBs (Table 1; New value #4)
270 PRBs (Table 2; New value #1)

	Modulation
	QPSK (Table 1; New value #4)
16QAM and 64QAM (Table 2; New value #1)

	TB size
	256 bits (Table 1; New value #4)
160,000 bits (Table 2; New value #1)

	Number of layers
	1 layer (Table 1; New value #4)
2 layers (Table 2; New value #1)

	Simulated slots
	1,500,000 slots (Table 1; New value #4)
50,000 slots (Table 2; New value #1)

	Maximum Tx per TB
	4

	Channel model
	CDL model for V2X urban LOS



Simulation assumptions used for performance evaluation of Q2
	Carrier frequency
	FR1

	Subcarrier spacing
	30 kHz

	Antenna configuration
	2Tx / 2Rx

	SL bandwidth allocation
	270 PRBs

	Modulation
	64QAM and 256QAM

	TB size
	Varies according to MCS level

	Number of layers
	2 layers

	Simulated slots
	20,000 slots

	Maximum Tx per TB
	4

	Channel model
	CDL model for V2X urban LOS
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