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Introduction
In the RAN4 #96-e meeting, WF on work scope and general assumptions for NR V2X demodulation performance was agreed [1].
In this paper we provide our view on V2X single link requirements.
Discussion
PSSCH requirements
In the previous RAN4 meeting the following agreements we reached 
	· Channel bandwidth and SCS
· 20MHz CBW and 30kHz SCS as baseline for performance tests without maximum PSCCH/PSSCH allocation
· Rank for PSSCH
· Define performance requirements based on Rank 1
· 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


In our companion paper [3] we provided view on resource pool configuration and propose to use sub-channels size of 10 PRBs for V2X requirements definition. In case of PSCCH is configured with 10 PRBs in frequency domain and 2 symbols in time domain and PSSCH is allocated in one sub-channel, the following DMRS configurations are possible for slots with and without PSFCH transmission:
	

	Figure 1. Phy channels and RS mapping.


For further analysis we consider the following scenarios to understand the more suitable DMRS configuration for each relative speed condition:
· Scenario 1: Relative speed 30 km/h, MCS 17
· Scenario 2: Relative speed 260 km/h, MCS 11
· Scenario 3: Relative speed 500 km/h, MCS 4
Also, we consider scenarios with different PSFCH periodicity (1 and 4) to understand the impact of slots without PSFCH on PSSCH performance.
As for PSSCH allocation, we consider single sub-channel allocation of size 10 PRBs.
	PSFCH periodicity 1, MCS 4

	PSFCH periodicity 4, MCS 4


	PSFCH periodicity 1, MCS 11

	PSFCH periodicity 4, MCS 11


	PSFCH periodicity 1, MCS 17

	PSFCH periodicity 4, MCS 17


	Figure 2. PSSCH performance for scenarios with GNSS based synchronization.


From these figures we can observe that:
· High speed conditions (500 km/h relative speed): 2 DMRS configuration is enough for slots with PSFCH and 4 DMRS configuration is required in case we have slots without PSFCH
· Medium speed conditions (260 km/h relative speed): 2 DMRS configuration is enough for slots with PSFCH and without PSFCH. Same time, using of 4 DMRS configuration allows to improve PSSCH performance.
· Low speed conditions (30 km/h relative speed): No significant difference for all DMRS configurations.
As for PSFCH periodicity, we think that periodicity 4 can be considered for PSSCH demodulation requirements, because such configuration allows to reduce PSFCH overhead and increase throughput of PSSCH transmission.
Proposal 1:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with GNSS based synchronization:
· PSFCH periodicity = 4 slots
· Test 1
· MCS 4
· PSSCH DMRS Time Pattern = {2, 4} (2 is for slots with PSFCH, 4 for slots without PSFCH)
· Channel model: TDLA30 – 2700
· Test 2
· MCS 11
· PSSCH DMRS Time Pattern = {2, 4} (2 is for slots with PSFCH, 4 for slots without PSFCH)
· Channel model: TDLA30 – 1400
In Figure 3 we provide initial results for scenarios with gNB based synchronization, TLA30 -180 channel model and MCS 17. These results show that V2X can operate under gNB based synchronization assumptions proposed in our paper [3].
	

	[bookmark: _Ref54388222]Figure 3. PSSCH performance for scenarios with gNB based synchronization.


Proposal 2:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with gNB based synchronization:
· PSFCH periodicity = 4 slots
· MCS 17
· PSSCH DMRS Time Pattern = 2
· Channel model: TDLA30 – 180
PSCCH requirements
In the previous RAN4 meeting different options for PSCCH payload were considered:
· Option 1: 28 bits
· Option 2: maximum bits for SCI format 1-A
Based on the 38.212 the following information bits are used for SCI format 1-A:
Table 1. SCI format 1-A content
	Field
	Number of bits

	Priority
	3 bits

	Frequency resource assignment
	


or
 bits

	Time resource assignment
	5 or 9 bits

	Resource reservation period
	
0 or  bits

	DMRS pattern
	
0 or  bits

	2nd-stage SCI format
	2 bits

	Beta_offset indicator
	2 bits

	Number of DMRS port
	1 bit

	Modulation and coding scheme
	5 bits

	Additional MCS table indicator
	0 - 2 bits

	PSFCH overhead indication
	0 - 1 bit

	Reserved
	2 – 4 bits


Based on our understanding, PSCCH content should be aligned with our simulation assumptions for requirements definition. Therefore, we propose to consider the following field size
· Frequency resource assignment = 4 bits (in case of NsubChannel = 5 and sl-MaxNumPerReserve = 2)
· Time resource assignment = 5 bits (in case sl-MaxNumPerReserve = 2)
· Resource reservation period = 4 bits
· DMRS pattern = 1 bits
· Additional MCS table indicator = 0 bits
· PSFCH overhead indication = 1 bits
· Reserved = 2 bits
In summary, we will have 30 bits for PSCCH payload
Another open question is channel model for PSCCH requirements definition. In simulation assumption paper [2] the following options are listed: TDLA30-180 and TDLA30-1350. Same time, LTE V2X PSCCH requirements are defined for EVA1500 channel model. We think that NR V2X requirements can be defined for similar speed conditions as LTE to show PSCCH performance under medium speed conditions.
In Figure 4 we provide initial simulation results with PSCCH performance for different channel models.
	

	[bookmark: _Ref54210353]Figure 4. PSCCH performance.


Proposal 3:	Use the following simulation assumptions for Rel-16 V2X PSCCH demodulation requirements:
· SCI payload = 30 bits
· Channel model: TDLA30-1400
PSBCH requirements
In the previous RAN4 meeting the following agreements were reached for PSBCH demodulation requirements
	· Number of S-SSB per SL period for 30kHz SCS
· Option 1: 1
· Option 2: 2 S-SSB with different contents


Based on our understanding, the only benefit from introduction of test case with 2 S-SSB per period is reduction of testing time. Same time, we think that there will be no conformance test for broadcast channel (i.e. similar to LTE V2X and NR Uu assumptions). Therefore, we think that test time reduction is not required for PSBCH requirements. 
Another open question is channel model for PSBCH requirements. EVA180 is used for LTE PSBCH requirements and TDLA30-180 is considered in paper with V2X simulation assumptions for initial alignment purpose [2]. We think that this channel can be used for PSBCH requirements definition.
In Figure 5 we provide initial PSBCH performance analysis for different channel models.
	

	[bookmark: _Ref54388791]Figure 5. PSBCH performance


Proposal 4:	Use the following simulation assumptions for Rel-16 V2X PSBCH demodulation requirements:
· 1 S-SB per SL period
· Channel model: TDLA30-180
PSFCH requirements
In the previous RAN4 meeting the following agreement were reached on PSFCH configuration
	· PSFCH configuration for test cases
· PSFCH are transmitted on 
· Option 1: every 4 slots
· Option 2: every slot


For PSSCH test we proposed to use PSFCH with 4 slots periodicity. To have sufficient test coverage, we can consider 1 slot PSFCH periodicity for PSFCH demodulation requirements.
[bookmark: _GoBack]Based on paper with V2X simulation assumptions [2], channel model TDLA30-180 is suggested for initial alignment purpose. Taking into account that PSFCH is transmitted in two symbols and only one is used for demodulation processing (one is AGC), we think that PSFCH performance does not depend on speed significantly and using of TDLA30-180 channel model should be sufficient.
Another open question is test metric for PSFCH requirements definition. In the previous RAN4 meeting the following candidates were considered:
· Pr (ACK miss) < 1%
· Pr (NACK to ACK) < 0.1%
· Pr (DTX to ACK) < 1%
PSFCH phy channel structure is similar to PUCCH format 0. Based on TS 38.104, only the following test metrics are considered for this PUCCH format:
· [bookmark: _Hlk54272093]Pr (DTX to ACK) ≤ 1%
· Pr (ACK miss) ≤ 1%
Test metric Pr (ACK miss) allows to verify that probability to detect DTX or NACK when ACK is sent is less than certain level. Same time, Pr (NACK to ACK) allows to verify that probability to detect ACK when NACK is sent is less than certain level. Based on our understanding, there is no big fundamental difference between this to metric in case we just try to verify how UE make detection of three hypothesis (DTX, ACK or NACK). Therefore, similar to PUCCH Format 0 requirements, we think the following metrics con be used with sufficient test coverage: Pr (DTX to ACK) ≤ 1% and Pr (ACK miss) ≤ 1%.
Proposal 5:	Use the following simulation assumptions for Rel-16 V2X PSFCH demodulation requirements:
· PSFCH periodicity 1 slot
· Channel model: TDLA30-180
· Test metrics: Pr (DTX to ACK) ≤ 1% and Pr (ACK miss) ≤ 1%.
Conclusion
In this paper we provided view on V2X demodulation single link requirements and made the following proposals:
Proposal 1:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with GNSS based synchronization:
· PSFCH periodicity = 4 slots
· Test 1
· MCS 4
· PSSCH DMRS Time Pattern = {2, 4} (2 is for slots with PSFCH, 4 for slots without PSFCH)
· Channel model: TDLA30 – 2700
· Test 2
· MCS 11
· PSSCH DMRS Time Pattern = {2, 4} (2 is for slots with PSFCH, 4 for slots without PSFCH)
· Channel model: TDLA30 – 1400
Proposal 2:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with gNB based synchronization:
· PSFCH periodicity = 4 slots
· MCS 17
· PSSCH DMRS Time Pattern = 2
· Channel model: TDLA30 – 180
Proposal 3:	Use the following simulation assumptions for Rel-16 V2X PSCCH demodulation requirements:
· SCI payload = 30 bits
· Channel model: TDLA30-1400
Proposal 4:	Use the following simulation assumptions for Rel-16 V2X PSBCH demodulation requirements:
· 1 S-SB per SL period
· Channel model: TDLA30-180
Proposal 5:	Use the following simulation assumptions for Rel-16 V2X PSFCH demodulation requirements:
· PSFCH periodicity 1 slot
· Channel model: TDLA30-180
· Test metrics: Pr (DTX to ACK) ≤ 1% and Pr (ACK miss) ≤ 1%.
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