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1 Introduction
In RAN#73, the Rel-14 V2V WI [1] was approved as completed, and the objectives of Rel-14 V2X WI [2] are updated to cover the leftover objectives that were not finished in V2V WI, besides the original V2X objectives. 
In RAN4, the V2V WI was closed in RAN4#80, based on the WF [3]. Due to late availability of RAN1/2 agreements, RAN4 focused to define RRM requirements for the specific scenario of dedicated carrier stand-alone V2V operation with GNSS as sync source. All the remaining V2V RRM issues are expected to be discussed in V2X WI together with V2X specific RRM issues. 

In RAN4#80bis, UE TX timing requirements for V2X was discussed and below was agreed in [4] which captures all the agreements so far as well as the identified open issues.

	UE Tx timing requirement
· 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 paper, we will discuss the remaining issues in V2V UE TX timing requirements, namely the NTA offset to be applied and the timing error when SynRef UE is used as time reference.
2 Discussion
The issue of NTA offset rooted from the fact that in Rel-14 V2V WI, the timing requirement for GNSS as time reference is specified with NTA offset, with reference to RAN1 specification 36.211. In 36.211 NTA,offset is set to a constant value to allow UL-DL switching in a TDD cell, and there is no definition of NTA offset for the case where there is no TDD cell coverage. Based on discussions during RAN4#80bis, it may not be clear what UE should assume for NTA,offset. Some companies mentioned that since Band 47 is a TDD band, the constant time advance should apply also in such a case, while some other companies think NTA offset should be zero since there is no TDD coverage. The issue was also discussed during the evening adhoc in RAN4#80bis, where different time references and different scenarios of shared and dedicated carrier were considered but without conclusion. 

There could be many combinations to be considered, e.g.

· Dedicated or shared carrier, the latter also includes WAN CA 
· GNSS, eNB or SyncRef UE as time reference
· IC or OoC
For the analysis, one should keep in mind that NTA offset is designed to allow UL-DL switching time when the cell is in TDD. With NTA offset UE will always advance its UL TX by a constant value of 624Ts, and eNB receiving window will also be adjusted accordingly. The only purpose for V2X transmission to apply NTA offset is to avoid the impact to TDD WAN UL – V2X TX can cause severe interference to UL TX if they are not time synchronized. As a result, NTA offset should apply and only apply when V2X TX could impact TDD WAN UL.
Proposal 1: NTA offset should apply and only apply when V2X TX could impact TDD WAN UL.

When GNSS is used as time reference, we understand that the design target is to have V2X TX time aligned with WAN. At least this is one of motivations for RAN1 to introduce DFN shift. In this sense, it is reasonable to apply NTA offset on top of GNSS timing if V2X is on the carrier which could be potentially covered by TDD WAN. This should apply no matter UE is IC or OoC, because if IC UE is applying NTA offset but OoC UE is not, it will be difficult for a third UE to receive transmissions from both of them. 
When eNB is used as time reference, the same rule as for GNSS should be used, i.e. apply NTA offset on top of GNSS timing if V2X is on the carrier which could be potentially covered by TDD WAN. It should be noted that it is possible that UE is IC of FDD WAN in carrier 1, and performing OoC V2X in carrier 2 which is potentially covered by TDD WAN. In this case, UE should apply NTA offset even the time reference is derived from an FDD eNB.

When SyncRef UE is used as time reference, NTA offset should not apply. This is because if SyncRef UE is directly synchronized with GNSS or eNB, NTA offset is already applied in its SLSS transmission if needed, so in the timing as seen by the receiving UE, NTA offset is already included.  
Based on the above analysis, we have the following proposal.

Proposal 2: The following rule should be specified in V2X TX timing requirement. 
· When GNSS or eNB is used as time reference, no matter UE is IC or OoC,
· NTA offset is 624Ts if V2X is on the carrier which could be potentially covered by TDD WAN
· NTA offset is 0 otherwise

· When SyncRef UE is used as time reference, 

· NTA offset is 0
There may be a need for RAN4 to further discuss the definition of “carrier which could be potentially covered by TDD WAN”. For simplicity, it could be a carrier in the TDD band, but it should be noted that although Band 47 is TDD as in RF specifications, it should not be considered as potential TDD WAN carrier as the band is for V2X only. Another definition could be relying on UE pre-configurations, so each carrier would be pre-configured whether it is potential TDD WAN carrier or not. However, this definition will require signalling support in the pre-configuration.   
Proposal 3: RAN4 to further discuss the definition of “carrier which could be potentially covered by TDD WAN”.

Another open issue in UE TX timing is the time error requirement for the case when SyncRef UE is used as time reference. In D2D, the time error is defined as 24Ts. The concern in re-using the same requirement is the support for high speed, i.e. whether the same tracking performance can be achieved under high speed condition. In our companion paper, our view for the SyncRef UE framework is that it is not targeted for high speed scenario, so the current requirement of 24Ts of D2D can be re-sued for V2X.
Proposal 4: When SyncRef UE is used as time reference, timing error requirement can be re-used from D2D. 
Above discussions are for V2V, and so far we think the requirements defined for V2V could be re-used for V2P and V2I/N. However, as the discussions on V2P and V2I/N are still in early phase in RAN1, we don’t see any need for RAN4 to make any conclusion at this stage.
3 Conclusions 

In this paper, we discussed the UE TX timing requirements for V2X, in particular, the application of NTA offset and the timing error requirement for SyncRef UE as time reference. Specifically, we have the following proposals.
Proposal 1: NTA offset should apply and only apply when V2X TX could impact TDD WAN UL.
Proposal 2: The following rule should be specified in V2X TX timing requirement. 
· When GNSS or eNB is used as time reference, no matter UE is IC or OoC,

· NTA offset is 624Ts if V2X is on the carrier which could be potentially covered by TDD WAN

· NTA offset is 0 otherwise

· When SyncRef UE is used as time reference, 

· NTA offset is 0

Proposal 3: RAN4 to further discuss the definition of “carrier which could be potentially covered by TDD WAN”.
Proposal 4: When SyncRef UE is used as time reference, timing error requirement can be re-used from D2D.   
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