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1. Introduction

In the previous meeting V2V/V2X RRM requirements were discussed and a number of agreements on the UE transmit timing requirements were reached [1]: 

	· 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 =0 (NOTE: follow RAN1 agreements)
· Requirement for GNSS as time reference

· TE: Reuse V2V requirements

· NTA offset : FFS until next meeting

· 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 =0 (NOTE: follow RAN1 agreements)


In this contribution we provide our views on the remaining details V2X RRM transmit timing related requirements.
2. Discussion
In our understanding there are several remaining issues to be discussed:
· NTA_offset requirements

· Timing accuracy requirements for SyncRef UE as time reference
· V-UE and P-UE requirements applicability
· WAN/GNSS timing misalignment handling

2.1 NTA_offset

The NTA_offset is typically used for the TDD deployment in order to facilitate UL-DL switching. As discussed in the previous meeting the applicability of NTA_offset for V2V communication may be ambiguous. In our understanding the following rules should apply:
· NTA_offset = 0 for OOC conditions
· NTA_offset = 0 for IC conditions and operation on a dedicated V2V carrier

· NTA_offset = 0 for IC conditions and operation on a shared UL/V2V carrier in FDD mode
· NTA_offset = 624 for IC conditions and operation on a shared UL/V2V carrier in TDD mode
This topic was not explicitly discussed in RAN1. In order to facilitate the progress on this discussion it is recommended to continue discussion in RAN4 and inform RAN1 on the common understanding in RAN4 on the expected UE behavior.
Proposal #1:
NTA_offset = 624 for IC conditions and operation on a shared UL/V2V carrier in TDD mode.

NTA_offset = 0 for all other cases.
2.2 Timing accuracy requirements for SyncRef UE as time reference
The Rel-12 D2D timing accuracy requirements in case of using SyncRef UE are ±24 Ts. Under high speed condition the eventual accuracy may degrade. However, as discussed in the previous meetings the V2V SLSS design was not optimized for the high speed conditions. Therefore, it was agreed that the SLSS related “requirements will be defined at least for the normal speed conditions and FFS if requirements will be defined for high speed conditions”. For the normal speed conditions the existing D2D requirements can be reused.

In addition, in the previous meeting additional timing error component due to clock drift between different SLSS transmissions was mentioned [2]. For eNB synchronization and legacy SLSS synchronization the overall period of sync signals transmissions is 40ms and such effects may not be taken into account. For V2V the SLSS transmission period is 160ms. Hence, the clock drift may result in noticeable impact on the timing accuracy in case of high RX signal carrier frequency error caused by Doppler shift. Taking into account 0 TX frequency error, 0.1 ppm RX frequency error and 0.46ppm Doppler shift the overall time drift may reach up to 2.75Ts during the 160ms interval (“(0.1 + 0.46)ppm x 160ms”). The related effects may need to be taken into account for the requirements under high speed propagation conditions.
Proposal #2:
TE for SyncRef UE as time reference: 
· Normal speed conditions: ±24Ts
· High speed conditions: Additional ±2.75 Ts error component due to clock drift should be taken into account in case high speed SLSS requirements are introduced.
2.3 V-UE and P-UE requirements applicability
In accordance to the last meeting discussion the V2X RRM requirements should be introduced for V-UEs and P-UEs. In our view the same TX timing requirements are applicable for both types of UEs.
Proposal #3:
Define same transmit timing requirements for V-UEs and P-UEs.
2.4 WAN/GNSS timing misalignment

In the previous meetings the possible issue of timing misalignment between WAN and GNSS was discussed. The potential problem is that WAN UL and V2V transmissions may be misaligned which may require prioritization of either UL or V2V transmissions. In accordance to the recent RAN2 agreements the “DFN offset” signalling will be introduced to compensate for the WAN/GNSS transmit timing mismatch for such scenarios. The signalling granularity of 1us is expected to be introduced. The DFN offset is applied for the UEs deriving the TX timing reference from the GNSS and assumed to be applied for the synchronous networks when eNB knows the precise offset between its own timing and the GNSS reference. The signalling is intended to be applied for the shared UL/V2V carriers in order to avoid the overlap of UL and V2V transmissions.
Observation #1: WAN/GNSS timing misalignment issue and related UL/V2V transmissions overlap on a shared carrier can be avoided for synchronous networks using “DFN offset” signalling.
In our view, the issue is somewhat more generic and WAN/GNSS timing misalignment may have different impacts on the overall system behaviour. Below, we provide analysis of the NW and 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.
Table 1. NW/UE synchronization scenarios

	NW Synchronization
	UE Synch Priority
	Shared UL/V2V carrier
	Dedicated V2V Carrier

	Synchronous
	GNSS
	Practical scenario. UEs should follow eNB timing for UL and V2V TX. V2V TX timing can be corrected using “DFN offset” to avoid UL/V2V overlap
	Practical scenario. UEs should follow GNSS timing. No TX timing correction needed.

	Synchronous
	eNB
	Practical scenario. UEs should follow eNB timing for UL and V2V. No V2V TX timing correction needed.
	Practical scenario. At current stage UEs would follow eNB timing. Possible overlap of transmissions of UEs from different PLMNs. UEs should follow GNSS timing to avoid issue. 

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

	Asynchronous
	eNB
	Practical scenario. UEs should follow eNB timing for UL and V2V. No TX timing correction needed.
	Impractical scenario (V2V transmissions overlap in different cells, eNB does not know GNSS offset)


Observation #2: For dedicated V2V carrier, the transmissions of vehicles utilizing eNB references from different PLMNs may be unsynchronized. Additional mechanisms to adjust the V2V TX timing for UEs utilizing eNB reference may be beneficial for synchronous networks to align the V2V TX timing with the GNSS reference.
Observation #3: Some asynchronous network scenarios are not applicable for V2V communication
· Shared UL/V2V carrier: Overlap of UL/V2V transmissions cannot be avoided in case of using GNSS synchronization. 

· Dedicated V2V carrier: Overlap of V2V transmissions between UEs synchronized to different cells cannot be avoided in case of using eNB based synchronization.

Proposal #4:
Make further assumptions for further RAN4 analysis

· Shared V2V/UL carrier: V2V and UL transmissions use common eNB timing. The “DFN offset” signalling is used to adjust V2V timing for UEs with GNSS synchronization reference

· Dedicated V2V carrier: All V2V transmissions use common GNSS timing. FFS on how UEs with eNB synchronization reference adjust their TX timing.
Proposal #5:
Recommend RAN1/2 to define signalling on the timing offset between Uu and GNSS timing to align the TX timing for UEs with eNB timing with common GNSS timing on a dedicated carrier.
In addition, we’d like to note that although “DFN offset” signalling is expected to be introduced it is still unclear if we should always rely that eNB has very accurate estimate of the difference between its own timing and GNSS timing. Hence, the V2V/UL transmissions overlap (subframes overlap) may still happen. The related procedures were discussed in RAN1 and the following agreements were reached:

	· When UL TX overlaps in time domain with SL TX then SL TX is prioritized over UL TX if the PPPP of SL packet is above a (pre)configured PPPP threshold.

· In case of overlapping in the same carrier frequency, the UE shall drop the UL TX.

· In case of overlapping in different carrier frequency, the UE shall allocate power to the SL TX first.

· UL TX power is up to UE implementation (including dropping UL TX).


Therefore, in our understanding no related RAN4 requirements should be defined and this can be handled by RAN1 specification. Meantime, the situation of UL TX overlap with SL RX is not well defined. In our understanding UL TX needs to be prioritized.

Proposal #6:
No RAN4 requirements need to be defined to handle the situation of UL/SL overlap on a shared carrier
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:
NTA_offset = 624 for IC conditions and operation on a shared UL/V2V carrier in TDD mode.

NTA_offset = 0 for all other cases.
Proposal #2:
TE for SyncRef UE as time reference: 
· Normal speed conditions: ±24Ts
· High speed conditions: Additional ±2.75 Ts error component due to clock drift should be taken into account in case high speed SLSS requirements are introduced.
Proposal #3:
Define same transmit timing requirements for V-UEs and P-UEs.

Proposal #4:
Make further assumptions for further RAN4 analysis

· Shared V2V/UL carrier: V2V and UL transmissions use common eNB timing. The “DFN offset” signalling is used to adjust V2V timing for UEs with GNSS synchronization reference

· Dedicated V2V carrier: All V2V transmissions use common GNSS timing. FFS on how UEs with eNB synchronization reference adjust their TX timing.
Proposal #5:
Recommend RAN1/2 to define signalling on the timing offset between Uu and GNSS timing to align the TX timing for UEs with eNB timing with common GNSS timing on a dedicated carrier.
Proposal #6:
No RAN4 requirements need to be defined to handle the situation of UL/SL overlap on a shared carrier
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