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1 Introduction
In RAN4#96e meeting, the work plan and initial simulation assumptions were agreed for NR V2X performance requirements [1][2]. This paper will provide further analysis on the simulation assumptions for the single link test cases.
2 Discussion
As per [3], the remaining issues on simulation assumption are listed as below:
	· The number of DMRS for PSSCH

· Option 1: Following cases can be used depending on decision on relative velocity

· Case 1: Max speed: 500km/h DMRS symbol: 4 for slots without PSFCH, 3 for slots with PSFCH.
· Case 2: Moderate speed: 260km/h DMRS symbol: 3 for slots without PSFCH, 2 for slots with PSFCH
· Case 3: low speed: 30km/h DMRS symbol: 2 for slots with/without PSFCH
· Option 2: 3 DMRS symbols for all test cases

· Other options are not precluded

· FFS on TO and FO based on gNB sync source if gNB based test case is agreed to define

· Feedback loop for test method

· PSFCH feedback instead of AT commands can be used to test NR V2X UE’s performance

· PSFCH configuration for test cases

· PSFCH are transmitted on 

· Option 1: every 4 slots

· Option 2: every slot

· Number of S-SSB per SL period for 30kHz SCS

· Option 1: 1

· Option 2: 2 S-SSB with different contents

· 256QAM reception capability

· 256QAM reception is an optional UE capability.

· FFS on introduction of 256QAM demodulation test case

· For information, interested companies can use the simulation assumptions for analysis of 256QAM demodulation in slide 12.


· PSSCH Demodulation test – PSSCH DMRS and PSCCH
As per [2], the simulation assumptions for PSSCH performance requirements are listed as below:

Option 1:

	Parameters
	Unit
	Value

	Test
	
	SCH_Test1
	SCH_Test2

	Synchronization source
	
	GNSS
	GNSS

	Timing offset
	
	CP/2-12Ts
	CP/2-12Ts

	Frequency offset
	Hz
	600
	600

	Propagation condition
	
	[TDLA30-2700]
	[TDLA30-180]

	Channel bandwidth
	MHz
	20
	20

	Allocated resource blocks
	
	[15]
	[15]

	Subcarrier spacing
	kHz
	30
	30

	CP-OFDM symbols per slot (Note 1)
	
	[9]
	[9]

	DMRS position in time domain

(symbol index)
	
	[#1,#4,#7]
	[#1,#4,#7]

	Modulation order
	
	QPSK
	64QAM

	MCS index
	
	[4]
	[17]

	The number of REs for 2nd stage SCI
	
	[240]
	[174]

	Transport Block Size
	Bits
	[552]
	[2536]

	Transport block CRC
	Bits
	24
	24

	Maximum number of HARQ retransmissions
	
	0
	0

	Binary Channel Bits (Note 2)
	Bits
	[1860]
	[5976]

	Antenna configuration
	
	1x2 Low
	1x2 Low

	Performance metric(Note 3)
	
	SNRPSSCH@[10]%BLER

	Note 1: OFDM symbols is for PSCCH/PSSCH transmission not including first symbol (AGC) and PSFCH symbols.

Note 2: 10 RBs and 2 symbols are allocated for PSCCH, and 2nd stage SCI is also allocated.

Note 3: The performance metric is used for PSSCH simulation evaluation. 

Note 4: PSFCH is transmitted on [every slot].

Note 5: 15RB allocation is listed here, but 10RB is another option for simulation results alignment.


Option 2:

	Parameters
	Unit
	Value

	Test
	
	SCH_Test1
	SCH_Test2

	Synchronization source
	
	GNSS
	GNSS

	Propagation condition
	
	TDLA-30-1400
	TDLA-30-2700

	Channel bandwidth
	MHz
	20MHz
	20MHz

	Allocated resource blocks
	RB
	[15]
	[15]

	Subcarrier spacing
	kHz
	30
	30

	Timing offset
	
	CP/2-12Ts
	CP/2-12Ts

	Frequency offset
	Hz
	600
	600

	CP-OFDM symbols per slot (Note 1)
	
	[12] for slots without PSFCH

9 for slots with PSFCH
	[12] for slots without PSFCH

9 for slots with PSFCH

	The number of DMRS symbols
	
	[3] for slot without PSFCH;[2] for slot with PSFCH
	[4] for slot without PSFCH;[3] for slot with PSFCH

	Modulation order
	
	[4]
	[2]

	MCS index
	
	[11](4,378/1024)
	[4](2,308/1024)

	The number of REs for 2nd stage SCI (SCI format 2-A)
	
	 [270]([image: image2.png]Boffset
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	Transport Block Size
	Bits
	[2088] for slots without PSFCH

[1320] for slots with PSFCH
	[808] for slots without PSFCH

 [480] for slots with PSFCH

	Transport block CRC
	bits
	24
	24

	Maximum number of HARQ transmissions
	
	1
	1

	Binary Channel Bits (Note 2)
	Bits
	
	

	periodPSFCHresource
	
	4
	4

	Antenna configuration
	
	1x2 Low
	1x2 Low

	Performance metric(Note 3)
	
	SNRPSSCH@10%BLER

	Note 1: OFDM symbols is for PSCCH/PSSCH transmission not including first symbol (AGC) and PSFCH symbols.

Note 2: 10 RBs and 2 symbols are allocated for PSCCH, and 2nd stage SCI is also allocated.

Note 3: The performance metric is used for PSSCH simulation evaluation.

Note 4: PSFCH is transmitted on every [4] slot.


In physical layer design, the following restriction is specified for PSSCH DMRS and PSCCH:

PSSCH DMRS and PSCCH are mapped to the same OFDM symbol, then this mapping within a single sub-channel is only supported if higher layer parameter sl-SubchannelSize >= 20, i.e. the sub-channel size is at least 20 PRBs. When a sub-channel size is less than 20 PRBs and the size of PSCCH is less than the sub-channel size, a UE is not expected to choose a PSSCH DMRS pattern to be transmitted in the same OFDM symbol with PSCCH.

If the sub-channel size is configured as 10 RB, PSSCH DMRS symbols are not expected to overlap with PSCCH symbols. According to the physical layer design, PSCCH in time domain starts from the 2nd symbol of each slot. If DMRS position in time domain is configured as [#1, #4, #7], the 1st DMRS symbol will be transmitted in the same symbol with PSCCH. 

Table 1 - NR V2X PSSCH DMRS pattern in time domain
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	PSCCH duration 2 symbols
	PSCCH duration 3 symbols

	
	Number of PSSCH DM-RS
	Number of PSSCH DM-RS

	
	2
	3
	4
	2
	3
	4

	6
	1, 5
	
	
	1, 5
	
	

	7
	1, 5
	
	
	1, 5
	
	

	8
	1, 5
	
	
	1, 5
	
	

	9
	3, 8
	1, 4, 7
	
	4, 8
	1, 4, 7
	

	10
	3, 8
	1, 4, 7
	
	4, 8
	1, 4, 7
	

	11
	3, 10
	1, 5, 9
	1, 4, 7, 10
	4, 10
	1, 5, 9
	1, 4, 7, 10

	12
	3, 10
	1, 5, 9
	1, 4, 7, 10
	4, 10
	1, 5, 9
	1, 4, 7, 10

	13
	3, 10
	1, 6, 11
	1, 4, 7, 10
	4, 10
	1, 6, 11
	1, 4, 7, 10


It is observed from Table 1 that the first DMRS symbol starts from the 2nd symbol per slot in the majority of DMRS patterns, except part of two-symbol DMRS pattern. That is to say, it is difficult to avoid the overlapping case between PSSCH DMRS and PSCCH when sub-channel size is less than 20RB. Given that DMRS pattern is more likely to vary based on different SL UE velocities, it is proposed to increase the sub-channel size such that the sub-channel size is above 20 PRB.

Observation 1: PSSCH DMRS position in time domain should not be overlapped with PSCCH when the sub-channel size is less than 20 PRB. 

Observation 2: it is difficult to avoid the overlapping case between PSSCH DMRS and PSCCH when sub-channel size is less than 20 RB.

Proposal 1: Given that DMRS pattern is more likely to vary based on different SL UE velocities, it is proposed to increase the sub-channel size such that the sub-channel size is above 20 RB.
· PSSCH Demodulation test - 2nd stage SCI

Based on the current design, the number of RE used for 2nd stage SCI is calculated as follows:

The number of RE that can be used for 2nd stage SCI in 1st OFDM symbol: (15-10)*6=30 (Comb2 used for DMRS)

The number of RE that can be used for 2nd stage SCI in 2nd OFDM symbol: (15-10)*12=60

The number of RE that can be used for 2nd stage SCI in 3rd OFDM symbol: 15*12=180

For instance, 240 RE in Option 1 (PSSCH demodulation test) is configured as the RE number of 2nd stage SCI. The number of RE that can be used for 2nd stage SCI excluding the 1st symbol and 2nd symbol should be 150. In this case, 150REs cannot be multiple of RBs in the 3rd symbol (150/12=12.5), which is not allowed in the physical layer design. So such two alternatives can be derived based on RAN1 design:

Alt 1: 246 REs for 2nd stage SCI, where 13 RBs (156 REs) are allocated in the 3rd symbol.

Alt 2: 234 REs for 2nd stage SCI, where 12 RBs (144REs) are allocated in the 3rd symbol.
Based on above analysis, the number of RE for 2nd stage SCI excluding the REs used for the 1st symbol and 2nd symbol should be multiple of PRB. Therefore, the number of RE for 2nd stage SCI in Option 1 should be configured as 246 where 2nd stage SCI occupies the total 13 PRB.

Observation 3: The number of RE for 2nd stage SCI excluding the REs used for the 1st symbol and 2nd symbol should be multiple of PRB.

Proposal 2: The number of RE for 2nd stage SCI in Option 1 should be configured as 246 where 2nd stage SCI occupies the total 13 PRB.
· PSSCH Demodulation test - Number of DMRS for PSSCH
In RAN1, the speed of SL UE is also considered to determine DMRS pattern in time domain. In the last meeting, three candidate speed values including 30, 260 and 500km/h are tentatively defined for test cases. To trace the maximum Doppler shift more accurately and to largely enhance the demodulation performance, the number of DMRS symbol in one slot is not expected to be constant. The constant number of DMRS for all test cases will also limit the flexibility of design in the physical layer. So it is proposed to specify the number of DMRS symbol based on the specific SL UE speed. 

Proposal 3: To specify the number of DMRS symbol based on the specific SL UE speed. 
· PSBCH Demodulation test- Number of S-SSB per SL period for 30kHz SCS

As per the physical layer design, 1 and 2 S-SSB transmissions within one S-SSB period are supported for 30kHz SCS. Given the two options in the simulation assumption, the performance of Option 2 is theoretically similar as Option 1. In Option 2, 2 S-SSB transmission with different contents is assumed without the process of 2 S-SSB combination. In theory, it has no performance gain compared to 1 S-SSB transmission in Option 1. If 2 S-SSB transmission with the process of combination is defined, the performance gain can be achieved compared to 1 S-SSB transmission in Option 1. Among these cases, Option 1 is the strictest one. The other cases are considered as passed if 1 S-SSB transmission passes the test. In addition, the smaller number of S-SSB transmission per SL period brings about smaller transmission time delay of multiple S-SSB transmission and smaller S-SSB overhead. Therefore, it is proposed to introduce 1 S-SSB per SL period to specify PSBCH demodulation performance requirements.

Proposal 4: To introduce 1 S-SSB per SL period for PSBCH demodulation performance requirements (Option 1).
· PSFCH configuration for test cases

Regarding PSFCH configuration for test cases, the different slot structures give rise to different transport block sizes between initial transmission and retransmission. The different TBSs occurring in the stage of retransmission is not allowed in the physical design. Based on the different slot structure design, the following four cases are derived for PSSCH with PSFCH and without PSFCH:

Case 1: PSSCH without PSFCH for initial transmission and retransmission.

Case 2: PSSCH with PSFCH for initial transmission and retransmission.

Case 3: PSSCH with PSFCH for initial transmission and PSSCH without PSFCH for retransmission. 

Case 4: PSSCH without PSFCH for initial transmission and PSSCH with PSFCH for retransmission.

For Case 1, no PSFCH is configured in each slot, where the maximum number of HARQ transmission is 0. For Case 2, the period of PSFCH can be configured as 1 to avoid the possibly different TBSs between initial transmission and retransmission caused by different slot structure. By configuring the period of PSFCH as 1, every slot contains PSFCH and initial transmission and retransmission have the same TBS. 

For Case 3 and Case 4, initial transmission and retransmission probably have different TBS if no additional measure is taken. To reduce and simplify the test case, it is proposed to introduce either Case 1 or Case 2 or both.

Proposal 5: To reduce and simplify the test case, it is proposed to introduce either Case 1 or Case 2 or both.
· TO and FO based on gNB sync source
In LTE V2X, the timing offset and frequency offset are configured as CP/2-24Ts and 1300Hz. It is proposed to reuse the TO and FO based on BS sync source in LTE V2X for NR V2X.
Proposal 6: It is proposed to reuse the TO and FO based on BS sync source in LTE V2X for NR V2X.
· 256QAM demodulation test case
In the last meeting, 256QAM reception was agreed as an optional UE capability. Compared to 64QAM, 256QAM demodulation requires much higher SNR level that is difficult to be achieved in time-varying channel with different velocities. Considering much more test cases introduced for NR V2X, it is proposed to not introduce 256QAM demodulation test case in Rel-16.
Proposal 7: Do not introduce 256QAM demodulation test case in Rel-16.

3 Conclusion
In this contribution, the further analysis on simulation assumptions for the single link test cases is provided. The following observations and proposals are derived:

· PSSCH Demodulation test – PSSCH DMRS and PSCCH
Observation 1: PSSCH DMRS position in time domain should not be overlapped with PSCCH when the sub-channel size is less than 20 PRB. 

Observation 2: it is difficult to avoid the overlapping case between PSSCH DMRS and PSCCH when sub-channel size is less than 20 RB.

Proposal 1: Given that DMRS pattern is more likely to vary based on different SL UE velocities, it is proposed to increase the sub-channel size such that the sub-channel size is above 20 RB.
· PSSCH Demodulation test - 2nd stage SCI

Observation 3: The number of RE for 2nd stage SCI excluding the REs used for the 1st symbol and 2nd symbol should be multiple of PRB.

Proposal 2: The number of RE for 2nd stage SCI in Option 1 should be configured as 246 where 2nd stage SCI occupies the total 13 PRB.
· PSSCH Demodulation test - Number of DMRS for PSSCH
Proposal 3: To specify the number of DMRS symbol based on the specific SL UE speed. 
· PSBCH Demodulation test- Number of S-SSB per SL period for 30kHz SCS

Proposal 4: To introduce 1 S-SSB per SL period for PSBCH demodulation performance requirements (Option 1).
· PSFCH configuration for test cases

Proposal 5: To reduce and simplify the test case, it is proposed to introduce either Case 1 or Case 2 or both.
· TO and FO based on gNB sync source
Proposal 6: It is proposed to reuse the TO and FO based on BS sync source in LTE V2X for NR V2X.
· 256QAM demodulation test case

Proposal 7: Do not introduce 256QAM demodulation test case in Rel-16.
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