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1. Introduction

In last RAN4 meeting, a wayforward was agreed in [1] and the agreements related to UE Tx timing requirement are stated as follows.

	· Requirement for eNB as time reference: 
· TE: 
· TE = ±24Ts when WAN downlink bandwidth is 1.4MHz 
· TE = ±12Ts when WAN downlink bandwidth is larger than or equal to 3MHz 
· NTA offset: FFS until next meeting 
· NTA,SL: 
· NTA,SL =0 (NOTE: follow RAN1 agreements) 
· Requirement for GNSS as time reference 
· TE: 
· Reuse V2V requirements
· NTA offset : FFS until next meeting 
· NTA,SL: 
· NTA,SL =0 (NOTE: follow RAN1 agreements) 
· Requirement for SyncRef UE as time reference 
· TE: FFS on whether D2D requirements can be reused until next meeting
· NTA offset: FFS until next meeting 
· NTA,SL: NTA,SL =0 (NOTE: follow RAN1 agreements)


In this contribution, we will discuss the identified issues on the UE Tx timing requirement for V2X.
2. Discussion
UE shall have the capability to follow the timing change of the reference synchronization source, and transmission timing error (TE) and timing advance (TA) shall be specified.
1) Transmission Timing Error
When eNB or GNSS is used as time reference, the agreements on timing error requirements have been achieved in last RAN4 meeting. For eNB as time reference, the existing TE requirements for D2D can be reused for V2X. For GNSS as time reference, the existing TE requirements for V2V can be reused for V2X. However, no conclusions were reached for the case of using SyncRef UE as timing reference. 

When SyncRef UE is used as synchronization source, the existing TE requirement for D2D is 24Ts. In V2X, UE is expected to support high speed scenario of a relative speed up to 500 km/h, which is quite different with D2D UE. As discussed in previous meetings, the timing accuracy may potentially degrade under high speed propagation conditions. The equivalent speed of 500 km/h is expressed in meter per second as:
V ≈ 138.89 m/s
This can therefore be assimilated to a time drift of:
Tdrift = V/ Light_celerity = (138.89) / (3×108) ≈ 0.46 ppm

Due to a relative speed of 500 km/h, this equivalent drift is 0.07us every SLSS transmission period (160ms) in V2X, which is much smaller than 24Ts (≈0.78us). Furthermore, the possibility that a vehicle UE is synchronized to another vehicle UE with a relative speed of 500km/h is very small since the contact period between these two UEs is very short. Hence, the TE requirements can be specified as 24Ts for SyncRef UE as timing reference.
Proposal 1: In V2X, the UE timing accuracy can be specified as ±24Ts when SyncRef UE is used as timing reference.

2) Timing Advance
Based the definition in section 9.10 of TS36.211, transmission of a sidelink radio frame from the UE shall start 
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 seconds before the start of the corresponding timing reference frame at the UE. The relation between sidelink frame and timing reference frame can be illustrated in Figure 1.
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Figure 1: Sidelink timing relation.
For the timing advance, the D2D requirements can be summarized in Table 1.
Table 1: Timing advance requirements in D2D
	Type of timing reference
	NTA,SL
	NTA,offset
	Total TA (NTA,SL+NTA,offset)

	eNB

(DL timing is used)
	FDD
	0
	0
	0

	
	TDD
	0
	624
	624

	eNB

(UL timing is used)
	FDD
	NTA
	0
	NTA

	
	TDD
	NTA
	624
	NTA + 624

	SyncRef UE (out-of-coverage)
	0
	0
	0


RAN1 concluded that “For all the PSCCH/PSSCH/SLSS/PSBCH transmissions for V2V in all the resource allocation modes, NTA,SL =0”. NTA,offset =624 is set to allow UL-DL switching in a TDD cell.
· Dedicated carrier V2X operation
In the case of dedicated operation carrier for V2X, there is only sidelink traffic but no uplink traffic on the PC5 operation carrier. Therefore, the UE does not need to advance the timing of V2X sidelink.

· Shared carrier V2X/UL operation.

For in-coverage UEs, if eNB timing is prioritized, the existing TA requirements when downlink timing is used can be reused for V2X sidelink transmission due to RAN1’s conclusion of NTA,SL =0. If GNSS timing is prioritized, the GNSS‑network time relation can be provided by network, and the corresponding timing reference could be align with downlink timing. Then, the existing TA requirements for UE using downlink timing can also be reused.
For out-of-coverage UEs, either GNSS or SyncRef UE is selected as the synchronization reference, there only involve V2X sidelink transmissions on the carrier and the transmission timing is not necessary to be advanced.

Based on the above discussion, the following proposal is suggested.
Proposal 2: In V2X, the requirement on NTA,offset is suggested as follow:

· For Dedicated V2X carrier

· NTA,offset = 0 

· For Shared UL/V2X carrier
· IC: NTA,offset = 0 for FDD; NTA,offset = 624 for TDD

· OOC: NTA,offset = 0 (follow D2D)
3. Conclusions

This contribution provides further analysis on UE Tx timing requirements for V2X. The following proposals are proposed: 
Proposal 1: In V2X, the UE timing accuracy can be specified as ±24Ts when SyncRef UE is used as timing reference.

Proposal 2: In V2X, the requirement on NTA,offset is suggested as follow:

· For Dedicated V2X carrier

· NTA,offset = 0 

· For Shared UL/V2X carrier

· IC: NTA,offset = 0 for FDD; NTA,offset = 624 for TDD

· OOC: NTA,offset = 0 (follow D2D)
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