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1 Introduction
In last RAN4 meeting, the timing requirements for NR V2X were initially discussed. Some agreements for timing requirement are agreed as follow.
	· For NR V2X SL Tx timing error
· the following synchronization reference sources should be considered based on RAN1 agreement.
· GNSS
· gNB
· eNB 
· NR UE
· RAN4 shall study the impact of synchronization source selection if any of eNB and gNB can be used as sync source based on the conclusion of RAN4 RF or RAN1. 
· On top of timing error by each synchronization reference source at reception side, additional timing error should be considered, e.g., error depends on different SCS of transmit SL 
· For next meeting, companies are encouraged to present their views on:
· Methodology used for deriving the NR V2X SL Tx timing error requirement
· NR V2X SL Tx timing error


 
In this paper, we will further give the analysis for NR V2X timing based on the agreements above.
2 GNSS as synchronization reference source
The basic signal flow for adjusting sidelink transmission timing is shown as follow when GNSS as synchronization reference source. The following items could result in the timing error.
· GNSS timing estimation error
· GNSS RF timing uncertainty
· Interface interaction error
· Sidelink transmission uncertainty
The main contributiors for timing error are GNSS timing estimation, GNSS RF timing uncertainty and interface interaction, but these components won’t be changed between NR V2X and LTE V2X. For larger SCS in Tx, symbol length will be smaller, bringing the difference to timing requirement with only dozens of ns. It cannot improve too much timing error requirement. Thus, our proposal is to have the same Tx timing accuracy requirement of 12*64*Tc as legacy LTE for NR V2X when GNSS is the synchronization reference source.


Figure 1. The architecture of sidelink Tx timing with GNSS as synchronization source
[bookmark: _Ref15915809]Proposal 1: The timing error should be 12*64*Tc for NR V2X when GNSS is the synchronization reference source.
3 gNB as synchronization reference source
In NR V2X, the numerology for PSSCH and PSCCH is similar as NR design based on RAN1’s agreement. PSSCH and PSCCH SCS would be 15kHz, 30kHz, 60kHz in FR1 and 60 kHz, 120 kHz in FR2.
	RAN1 #95 meeting
Agreements:
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier.
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
RAN1 #96 meeting
Agreements:
· For PSCCH/PSSCH in FR2, NR V2X supports normal CP for 60 kHz, 120 kHz, and extended CP for 60 kHz.


In accordance to the TS38.133 Table 7.1.2-1, the timing error for different SCS in NR UE UL transmission timing error could be re-used in NR V2X as follow. Especially, sidelink timing error should follow NR requirement only to refer on the reception of first detected path in the same FR.
[bookmark: _Ref16068878]Proposal 2: Sidelink timing error should only base on the reception timing of Uu SSB in the same FR. 
[bookmark: _Ref16068882]Proposal 3: Sidelink timing error should be as follow when gNB is the synchronization reference source.
	Frequency Range
	SCS of Uu SSB signals (KHz)
	SCS of sidelink signals(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211.



4  eNB as synchronization reference source
Although sidelink could have different SCS, the bottom neck is the LTE downlink reception error and the interface timing error between LTE and Sidelink. Compared to legacy LTE requirement, the interface between sidelink and LTE modem will contribute a certain timing error, and this timing error outweighs the benefit of larger SCS in sdielink. Thus, the timing error requirement is not improved much for larger sidelink SCS. The timing error in LTE UE UL transmission timing error could be re-used in NR V2X when eNB is the synchronization reference source.
[bookmark: _Ref16068885]Proposal 4: Sidelink timing error should be as follow when eNB is the synchronization reference source.
	Donwlink Bandwidth of Uu  signals(MHz)
	Te

	1.4
	24*64*Tc

	3
	12*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211.



5 SyncRef UE as synchronization reference source 
[bookmark: _Ref7430380]In NR V2X, the SL SSB should have the same numerology with data and control channel according to RAN1’s agreement, meaning that no FDM-ed mix-numerology is needed between SSB and data. At the same time, the SL SSB may possibly be designed additionally for SCS=60KHz based on these RAN1’s agreement as shown above. The R15 UE Tx timing error with the same SCS between SSB and UL signals could be re-used in NR V2X when syncRef UE is the synchronization reference source. 
[bookmark: _Ref16068866]Observation 1: Sidelink SSB should have the same numerology with data and control channel.
[bookmark: _Ref16068888]Proposal 5: Sidelink timing error should be as follow when SyncRef UE is the synchronization reference source.
	Frequency Range
	SCS of S-SSB signals (KHz)
	SCS of sidelink signals(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	30
	30
	8*64*Tc

	
	60
	60
	6*64*Tc

	2
	60
	60
	6*64*Tc

	
	120
	120
	3.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211.



6 Summary
Observation 1: Sidelink SSB should have the same numerology with data and control channel.
Proposal 1: The timing error should be 12*64*Tc for NR V2X when GNSS is the synchronization reference source.
Proposal 2: Sidelink timing error should only base on the reception timing of Uu SSB in the same FR.
Proposal 3: Sidelink timing error should be as follow when gNB is the synchronization reference source.
	Frequency Range
	SCS of Uu SSB signals (KHz)
	SCS of sidelink signals(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211.



Proposal 4: Sidelink timing error should be as follow when eNB is the synchronization reference source.
	 Donwlink Bandwidth of Uu  signals(MHz)
	Te

	1.4
	24*64*Tc

	3
	12*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211.



Proposal 5: Sidelink timing error should be as follow when SyncRef UE is the synchronization reference source.
	Frequency Range
	SCS of S-SSB signals (KHz)
	SCS of sidelink signals(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	30
	30
	8*64*Tc

	
	60
	60
	6*64*Tc

	2
	60
	60
	6*64*Tc

	
	120
	120
	3.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211.



7 Reference
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