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Introduction
In RAN1#82bis meeting, method of synchronisation for PC5 based V2V communication was discussed and the following agreements were reached [1].
	Agreements:
· “Vehicle” UE indicates UE in PC5 V2V. This terminology is only used for discussion convenience.
· GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.
· eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V
· Priority of GNSS or GNSS-equivalent for other cases needs further study
· Priority of other synchronization source needs further study
· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied
· RAN1 will not optimize only for this scenario
· This scenario needs to be supported from the synchronization perspective
· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent
· Asynchronous network case should be supported.
· Perspectives for further study:
· eNB assistant information, e.g.
· Timing offset to UTC
· TA or eNB location
· others


From the above agreements, it is clear that GNSS or GNSS-equivalent signal(s) if available should be used as the basis for V2X timing and frequency synchronisation when UE is out-of-network coverage (OOC). When in-network coverage (IC) and Uu and PC5 V2V are on the same carrier, eNB is able to instruct UE to follow GNSS(-equivalent) or eNB signals for V2V timing and frequency synchronisation.
In RAN1#83 and #84 meetings, it was further agreed that UE transmission of SLSS and PSBCH is supported for PC5 based V2V and no new synchronisation signal sequence is defined in V2V. With this, it is not possible for receiving UEs to distinguish SLSS sequence transmitted by an IC UE that is synchronised directly to GNSS/GNSS-equivalent or to the eNB. Furthermore, if the transmitting UE is directly synchronised to the eNB which is not synchronised to the GNSS/GNSS-equivalent timing, additional assistance information (e.g. timing offset to UTC) from the eNB would be necessary.
In this contribution, we provide discussions on further eNB assistant information needed as part of synchronisation process for V2X, and some existing signals/channels that may be also required for fine tuning of synchronisation timing and frequency.
Discussion
In [2], issues of reusing the existing Rel-12 ProSe D2D synchronization mechanism in different operating scenarios (same-eNB IC, inter-eNB IC, OOC, partial-coverage) for V2X are discussed. It is found the current ProSe D2D synchronization scheme is insufficient to provide accurate enough timing due to propagation delays from different transmissions nodes/terminals. It is recommended that a synchronization source that could provide a global timing (e.g. GPS signal) to all V2X nodes/terminals would be needed.
For a OOC V2X node/device using GNSS signals as the basis for V2X timing and frequency synchronisation, it would also need to know a point in time that can be used as a reference timing (e.g. after power-up) to determine the starting point of sidelink radio frame (SFN/VFN=0). This can be preconfigured for OOC or configured by eNB for IC as a reference timing (TREF) in UTC to which the UE can derive the staring of radio frames and subframe for V2X synchronisation signals. To determine the incoming/next radio frame(s) (Ti) and subframe(s) on which it can expect synchronisation signals (e.g. SLSS) from other nodes/devices, the above reference timing in UTC (TREF) and a V2X Sync Offset Indicator that satisfy the following relation could be used. A relationship diagram of these radio frame timings is depicted in Figure 1.


[image: ]
Figure 1: UTC reference timing and radio frame containing synchronization signal relation.
Additionally, to help fine tuning sync timing and frequency, a V2X device equipped on a RSU could be preconfigured to periodically transmit synchronisation signal(s) over the PC5 interface on preconfigured subframes in the above determined radio frames for providing local reference timing within its proximity. For a V2X device equipped on a vehicle, upon power-on it can determine radio frames which may have synchronisation signal and further perform fine-time synchronisation by scanning the preconfigured carrier frequencies for existing synchronisation signal(s). Upon detecting an infrastructure (i.e. RSU) originated synchronisation signal(s), a vehicular V2X device may align its clock i.e. internal time for further V2X message transmission/reception. Upon detecting only vehicle originated synchronisation signal(s), a vehicular V2X device may align its clock for further V2X application messages transmission/reception and further participate in maintaining the local reference timing by periodically performing contention together with existing vehicular X2V devices in the local proximity for its synchronisation signal transmission. Upon detecting no synchronisation signal(s), a vehicular V2X device may use its internal clock as reference time for synchronisation signal transmission, providing reference timing for further V2X message transmission and/or reception within its range.
Proposal 1: For coarse timing synchronisation, a pre-configured or network configured reference timing in UTC should be used to determine the radio frame(s) and subframe(s) for V2X synchronisation signals.

Observation 1: By scanning and detecting existing synchronisation signals, vehicular V2X devices can further fine-tune its synchronisation timing to align with other existing devices within its proximity.

Proposal 2:  For fine-tuning of V2X timing and frequency synchronisation, existing synchronisation or reference signals (PSS/SSS, SLSS and/or DMRS in PSBCH) should be make available in V2X.
Conclusion
In this contribution, we visited the issue of insufficiency of reusing the existing ProSe D2D synchronisation mechanism for V2X operations and provided discussions on further eNB assistant information needed as part of synchronisation process for V2X, and some existing signals/channels that may be also required for fine tuning of synchronisation timing and frequency.
In summary:
Proposal 1: For coarse timing synchronisation, a pre-configured or network configured reference timing in UTC should be used to determine the starting radio frame(s) and subframe(s) for V2X operation.

Observation 1: By scanning and detecting existing synchronisation signals, vehicular V2X devices can further fine-tune its synchronisation timing to align with other devices within its proximity.

Proposal 2:  For fine-tuning of V2X timing and frequency synchronisation, existing synchronisation or reference signals (PSS/SSS, SLSS and/or DMRS in PSBCH) should be make available in V2X.
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