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1. Introduction

In the previous meeting RAN4 reached agreements on the finalization of the V2V WI [1] RRM Core part with a subset of scenarios/features being prioritized. Meantime, many items were left undecided and the discussion was postponed to a later stage. In RAN #73 the revised V2X WID was agreed [2]. In accordance to the new WID, the leftovers of the V2V WI were moved to the V2X WI scope.

In this contribution we provide our views on the V2V/V2X RRM transmit timing related aspects.

2. Discussion
2.1 UE transmit timing requirements

In accordance to the previous RAN4 agreements, in case of using eNB based synchronization, the existing TE requirements can be reused. Meantime, no conclusions were reached for the case of using SyncRef UE as timing reference.
	RAN4 #79
· ProSe UE transmission timing

· eNB as time reference

· TE : Existing requirement can be reused

· GNSS as time reference

· Requirements for timing misalignment between GNSS based and eNB based timing should be discussed after RAN1 decision

· TE = +/- 12Ts
· SyncRef UE as time reference: 

· FFS 
RAN4 #80
· UE transmission timing
· For V2V stand-alone operating on a dedicated V2V carrier using GNSS as synchronization reference 

· TA : NTA,SL =0
· TE : +/- 12 Ts 


As discussed in the previous meetings, the timing accuracy may potentially degrade under high speed propagation conditions and should be studied in order to define practical requirements. However, SLSS based synchronization is considered in the V2V scope with low priority and its performance is not optimized for the high speed conditions. Therefore, existing ProSe TE requirements can be reused under common assumption that for the high speed conditions the timing (and frequency) accuracy may obviously degrade. 
For the TA requirements RAN1 agreed that “For all the PSCCH/PSSCH/SLSS/PSBCH transmissions for V2V in all the resource allocation modes, 
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”. Therefore, NTA,SL =0 requirement can be captured in the RAN4 specs.
In case of using GNSS as time reference, same requirements as for V2V WI (stand-alone operating on a dedicated V2V carrier using GNSS as synchronization reference) can be reused.
Proposal #1:
SyncRef UE as time reference: 
· Reuse ProSe TE requirements (TE = ±12Ts). 
· NTA,SL =0. 
· Deprioritize studies on SLSS timing accuracy for high speed conditions.
Proposal #2:
eNB as time reference: 
· TE = ±12Ts

· NTA,SL =0. 
2.2 Timing misalignment between WAN and GNSS

In the previous meeting the possible issue of timing misalignment between WAN and GNSS was identified [3]. The potential mentioned problem is that WAN UL and V2V transmissions may be misaligned which may require prioritization of either UL or V2V transmissions. In our view, the issue is somewhat more generic and WAN/GNSS timing misalignment may have different impacts on the overall system behaviour and needs to be analysed in more details by RAN4. In particular, different methods to align the V2V and UL transmissions can be considered. Below, we provide analysis of the NW/UE behaviour under different synchronization scenarios. The scenarios with simultaneous V2V/UL operation on the same carrier and V2V operation on dedicated carrier are considered. The summary of our views is provided in Table 1 and more detailed analysis is provided further below.

Table 1. NW/UE synchronization scenarios

	NW Synchronization
	UE Synch Priority
	Shared UL/V2V carrier
(TX timing aligned with eNB)
	Dedicated V2V Carrier 
(TX timing aligned with GNSS Tref)

	Synchronous
(GNNS)
	GNSS
	Practical scenario. UE needs to know offset between eNB and GNSS Tref to align TX
	Practical scenario. 
No TX timing correction needed.

	Synchronous
(GNNS)
	eNB
	Practical scenario. 
No TX timing correction needed.
	Practical scenario. UE needs to know offset between eNB and GNSS Tref to align TX

	Asynchronous
	GNSS
	Impractical scenario (UL/V2V transmissions overlap, eNB does not know GNSS offset)
	Practical scenario. 
No TX timing correction needed.

	Asynchronous
	eNB
	Practical scenario. 
No TX timing correction needed.
	Impractical scenario (V2V transmissions overlap in difference cells, eNB does not know GNSS offset)


1. Synchronous networks (with GNSS based synchronization)

Different eNBs derive timing using GNSS sources and are aligned among each other. In general case, eNB GNSS timing reference may have an offset from the V2V GNSS reference.
1.1. GNSS based synchronization has higher priority than eNB

a) Shared carrier V2V/UL operation.

V2V TX timing in case of using GNSS reference may be potentially misaligned with the WAN UL timing and also V2V TX timing for UEs using eNB time reference. In particular, two sources of misalignment may exist:
· DFN definition ambiguity between UEs using GNSS and eNB based synchronization. In accordance to the current RAN2 agreements in case of using GNSS synchronization the DFN number is derived based on the GNSS reference (UTC time 00:00:00 on Gregorian calendar date 1 January, 1900). Meantime, for eNB synchronization the DFN is derived based on the SFN number. Therefore, there may be misalignment between the UEs using GNSS and eNB timing on the subframe/frames indexing for V2V communication. 
· In case the DFNs are aligned between different UEs there still may be <1ms transmit timing error between the UEs with GNSS and eNB timing. In the last RAN1 meeting it was agreed that “RAN1 observed the potential benefit of (pre)configuring an offset to shift the DFN #0 w.r.t the reference timing derived from GNSS… The offset is in range [0, 1ms] with the granularity of 1us”. In our understanding, in case such offset is provided to the UE, the timing misalignment issue can be avoided.

In our understanding, this issue is in the RAN1/2 scope and RAN4 needs to inform RAN1/2 and recommend to introduce mechanisms to align V2V / WAN timing in order to avoid overlapped V2V/UL transmissions.
Summary: Feasible scenario. UEs with GNSS based synchronization need to be informed on the GNSS/eNB timing offset and adjust their transmission to WAN timing in order to avoid overlap of V2V/UL transmissions.
b) Dedicated carrier V2V operation

All V2V transmissions are aligned on the dedicated carrier in case of using GNSS reference. If UE fallbacks to eNB timing, again there may be certain misalignment in terms of timing between the UEs and network should inform such UEs on the offset (DFN offset and timing offset) such that they adjust the transmission timing and align with the common GNSS reference.

Summary: Feasible scenario. UEs with eNB based synchronization need to be informed on the GNSS/eNB timing offset and adjust their V2V transmission timing to the common GNSS reference.

1.2. eNB synchronization source has higher priority than GNSS

a) Shared carrier V2V/UL operation.

In this scenario V2V TX timing is based on the eNB time reference and will be aligned across the network (besides some synch errors and propagation delays). The V2V and UL TX timings will be aligned across network (besides synch errors and different TAs). V2V TX timing of IC and OOC UEs may be misaligned which may cause some misalignment on the network boundaries and can be avoided via using SLSS propagating eNB timing (up to RAN1 prioritization).

Summary: Feasible scenario. No timing adjustment needed.

b) Dedicated carrier V2V operation

All V2V UEs will use the timing based on the eNB. Meantime, some UEs on the dedicated carrier may still use GNSS timing (e.g. some UEs without WAN connection). Hence, the V2V TX timing should be aligned with the common GNSS reference. Similarly, to avoid an overlap between the V2V transmission from different transmitters, UEs with eNB timing should be informed on the timing offset vs the GNSS reference and should adjust the TX timing on the dedicated carrier accordingly.

Summary: Feasible scenario. UEs with eNB based synchronization need to be informed on the GNSS/eNB timing offset and adjust their V2V transmission timing to the common GNSS reference.

2. Asynchronous networks (no GNSS based synchronization)

For asynchronous network scenario, we assume that different eNBs may have arbitrary unaligned timing references which are also unaligned with the GNSS time reference.
2.1. GNSS synchronization source has higher priority than eNB

a) Shared carrier V2V/UL operation.

V2V TX timings are based on the GNNS time reference and UL TX are based on the eNB timings. eNB does not know an offset between own timing and GNSS reference and thus cannot compensate it. In general, this is improper configuration scenario and should be avoided.

Summary: Impractical scenario. 

b) Dedicated carrier V2V operation

All V2V transmissions are aligned on the dedicated carrier in case of using GNSS reference. If UE fallbacks to eNB timing, again there may be certain misalignment in terms of timing between the UEs. However, network does not know offset and UE may prioritize GNSS based SLSS instead of eNB timing to avoid fallback to the eNB timing (this is actually up to RAN1).

Summary: Feasible scenario. No timing adjustment needed.

2.2. eNB synchronization source has higher priority than GNSS

a) Shared carrier V2V/UL operation.

V2V TX timings are based on the eNB time reference and will be aligned in one cell. Timing misalignment will observed on the cell boundaries which may lead to V2V performance degradation. V2V and UL TX timings will be aligned inside one cell.

Summary: Feasible scenario. No timing adjustment needed.

b) Dedicated carrier V2V operation

All V2V UEs will use the timing based on the eNB. The timings will be unaligned across cells as eNB does not know its offset vs GNSS and other cells. Most likely V2V communication will not be possible and such configuration should be avoided.

Summary: Feasible scenario.
In summary, we have the following proposals to handle WAN/GNSS timing misalignment: 

Proposal #3:
Recommend RAN1/2 to provide UE information on the timing offset between Uu timing and GNSS timing

· This timing offset can be used by UEs utilizing eNB reference to align with common V2V GNSS timing on the dedicated V2V carrier 

· This timing offset can be used by UEs using GNSS reference to achieve aligned V2V/WAN transmissions on the shared V2V/UL carrier (e.g. align SFN and DFN)

Timing offset may be composed from two components 

· Integer offset between SFN#0 and DFN#0 in case when eNB instructs UE to use GNSS (granularity of 1 ms)

· Fractional offset of the DFN#0 w.r.t the reference timing derived from GNSS with granularity 1 us and range [0, 1 ms]
Proposal #4:
Do not further consider the following asynchronous network scenarios with

· GNSS based V2V synchronization + Shared carrier V2V/UL operation

· eNB based V2V synchronization + Dedicated carrier V2V operation

3. Conclusions

In this contribution, we have provided our views on the V2V/V2X RRM transmit timing related aspects. In summary, we make the following proposals:

Proposal #1:
SyncRef UE as time reference: 
· Reuse ProSe TE requirements (TE = ±12Ts). 
· NTA,SL =0. 
· Deprioritize studies on SLSS timing accuracy for high speed conditions.
Proposal #2:
eNB as time reference: 
· TE = ±12Ts

· NTA,SL =0. 
Proposal #3:
Recommend RAN1/2 to provide UE information on the timing offset between Uu timing and GNSS timing

· This timing offset can be used by UEs utilizing eNB reference to align with common V2V GNSS timing on the dedicated V2V carrier 

· This timing offset can be used by UEs using GNSS reference to achieve aligned V2V/WAN transmissions on the shared V2V/UL carrier (e.g. align SFN and DFN)

Timing offset may be composed from two components 

· Integer offset between SFN#0 and DFN#0 in case when eNB instructs UE to use GNSS (granularity of 1 ms)

· Fractional offset of the DFN#0 w.r.t the reference timing derived from GNSS with granularity 1 us and range [0, 1 ms]
Proposal #4:
Do not further consider the following asynchronous network scenarios with

· GNSS based V2V synchronization + Shared carrier V2V/UL operation

· eNB based V2V synchronization + Dedicated carrier V2V operation
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