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Introduction
In RAN#68 a new SI was approved on LTE-Based V2X Services [1] and RAN1 has started to discuss synchronization issue of V2X over PC5. From last RAN1#82bis meeting the following agreements have been reached:
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 agreement above, it is clear that in case the UE does not detect any cell on any carrier, GNSS or GNSS-equivalent is the highest priority synchronization reference. In this contribution, we discuss issues related to synchronization reference for the other cases, in particular for situations where there is NW coverage.
Discussion on synchronization source priority 
The agreement from RAN1#82bis indicates that in case there is NW coverage, eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent, at least in case the NW coverage is in the same carrier as the UE is operating PC5 V2V. Figure 1 illustrates one scenario which includes intra-cell V2V, inter-cell V2V, and V2V with partial NW coverage. Taking the vehicle UE#3 in Figure 1 as example, UE#3 is within the coverage of eNB#1. For V2V synchronization source, in principle it can utilize either eNB#1 based synchronization (e.g. using DL timing) or GNSS or GNSS-equivalent based synchronization. Considering the scenario shown in the figure, vehicle UE#3 should be able to communicate with all the other three vehicle UEs which are in proximity and within the required communication range. 
Firstly let us assume that vehicle UEs#2, #3, and #4 align their transmission timing to DL cellular timing. Since vehicle UE#1 is out of NW coverage, the transmission timing for UE#1 is based on GNSS or GNSS-equivalent as agreed in RAN1#82bis. Since all vehicle UEs are expected to communicate with each other, the UEs that are in NW coverage would need to keep tracking multiple time and frequency references in order to maintain such communication. For example, UE#3 would need to follow timing reference from its own eNB, from eNB#2 and from UE#1 which is following GNSS or GNSS-equivalent timing reference. Even if existing synchronization mechanisms for PC5 operation are utilized in V2V context, e.g. transmission of SLSS by vehicle UEs, this does not change the fact that the synchronization references they are indicating are not aligned in general.
When comparing PC5-C and PC5 V2V, an aspect worth considering is that in PC5-C the primary target is to allow UEs to receive transmissions from a few groups of interest at a certain point of time, while UEs are following all data transmissions in their neighbourhood for PC5 V2V. This implies that in a typical usage scenario of PC5-C there are many TTIs where the UE is not trying to receive any data, either due to resource pool definition or due to the TRP employed by the transmitter, and hence there are several opportunities to multiplex transmission and reception of data based on different time references. However, this cannot be guaranteed in PC5 V2V, because in principle all vehicles are receiving data from all other vehicles. Moreover the V2V scenarios are very dense, implying that the resource pools are expected to be quite large in practice, leaving little or no room for TDM of resource pools in different cells and out of coverage.
One approach would be to require vehicle UEs to receive data with different time references simultaneously. However, this would imply significantly higher costs, and in any case the interference between the non-orthogonal signals would degrade performance. Therefore, resource pools in different cells and out of coverage should preferably be time-aligned. 
Observation 1: Resource pools from different cells and out-of-coverage UEs need to be time-aligned to allow UEs to follow transmissions from UEs in different cells and coverage situations. It is FFS if it is possible to have time-offsets between such resource pools, as that depends on the final resource pool design for PC5 V2V.
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On the other hand, if all UEs follow a common timing such problem will disappear to a large extent, since all the vehicle UEs will follow the same timing/frequency reference and hence multiplexing of V2V communications from UEs in different coverage situations is simpler. Moreover, when vehicle UEs move from one cell to another, and further even if the NW coverage status is changing, there is no need to change the timing reference, which helps in avoiding gaps in reception of transmissions from different UEs. Based on this discussion, it is proposed to extend the agreement from RAN1#82bis:
Proposal 1: Baseline assumption for time reference of PC5 V2V is GNSS or GNSS-equivalent, even for UEs that are within NW coverage in the same carrier as the UE is operating PC5 V2V.

In principle, if the eNB is equipped with GNSS or GNSS-equivalent, it is possible to define the synchronization source priority in this case similarly to Rel-13 PC5, i.e. UE would follow the synchronization reference defined by the signals received from the eNB. However, this implies that the typical maximum Doppler spread expected by the vehicle UEs would be higher, as one needs to account for the Doppler spread between eNBs and vehicle UEs, as well as the Doppler spread between the UEs themselves [3]. In case UEs utilize their own built-in GNSS or GNSS-equivalent reference directly, two sources of Doppler spread are eliminated, at least as long as GNSS or GNSS-equivalent reference in the UE is operational. Moreover, the DL propagation delay would imply some variation in the time-synchronization reference by different UEs, though the difference may be considered small enough to be absorbed by CP in the communication ranges required by SA1.

Proposal 2: Even if the network is time-frequency synchronized to GNSS reference, UE follows synchronization given by its own GNSS or GNSS-equivalent synchronization source, unless instructed otherwise by the eNB. 

Even with the agreement that the GNSS or GNSS-equivalent reference is adopted for PC5 V2V synchronization, there are situations where GNSS is not available or temporarily lost. For example, vehicles in tunnels or indoor parking facilities may not be able to receive GNSS at all. In this case, eNB based synchronization could be used as specified in Rel-12/13 Sidelink, at least from time-frequency tracking point of view. It should be further studied for how long the UEs should be allowed to maintain time-frequency synchronization by utilizing eNB as a reference in case of temporary failure of its own GNSS or GNSS-equivalent reference. Please note that for temporary time-frequency tracking the eNB used as reference does not need to be synchronized to GNSS reference, and hence it is possible to utilize signals from other carriers to correct from UE internal clock drifts, at least in principle, and hence it could be possible to utilize eNB coverage in other carriers for time-frequency tracking in V2V carrier, even if the carriers are not time-synchronized. 
Observation 2: In case the UE is temporarily without a reliable GNSS or GNSS-equivalent reference, it should be able to utilize other signals to maintain time-frequency synchronization, e.g. PSS/SSS from eNB. The amount of time depends on expected clock drifts of the involved devices, UEs and/or eNBs, and the exact values are FFS.

Another source of reference is SLSS transmissions from other UEs, which are supposed to be also time-frequency aligned with GNSS reference, except for propagation delay and Doppler spread. In case of temporary loss of GNSS or GNSS-equivalent reference at a certain UE, the UE can search for SLSS transmissions from other UEs, in which case it would make sense to prioritize those UEs that have active GNSS reference. Such information can be obtained explicitly or implicitly, e.g. by tracking those references which are time-aligned with its own internal clock by the time it loses GNSS synchronization reference. In any case, given that the expected absolute value of Doppler shift from other UEs is higher than that from eNBs, the time-frequency tracking based on eNB signals should be prioritized over other UEs’signals, at least in case of temporary loss of GNSS reference at the UE. 
In case of out of NW coverage and no GNSS coverage available, the Sidelink synchronization procedure (i.e. based on Rel-12 PSSS/SSSS) defined in Rel-12 for out of NW coverage Sidelink operation should be reused as a baseline, with he exception that out-of-coverage UEs are not prioritizing SLSS transmissions from in-coverage UEs, since it has been agreed already that out-of-coverage UEs use GNSS or GNSS-equivalent as reference if available.
Based on these discussions, synchronization source priority should be as shown in Figure 2. Please note that in Figure 2 we do not consider the case where eNB is in another carrier and instructs the UE to follow eNB synchronization for the V2V carrier. The main reason is that the feasibility of using eNB as long term synchronization reference would need to be further studied before it can be defined as a viable alternative. Moreover it is not clear how to prevent conflicts in synchronization reference in case the V2V carrier is shared among two or more operators. In any case, if such operation would allowed, the prioritization order would be essentially the same as in Case 1 or 2. 
As discussed above, the feasibility of Case 2 depends on better understanding of typical resource pools for V2V operation. In case the resource pools need to be so large for a typical operation that it is not possible to coexist in practice with other services in the same carrier, the applicability of Case 2 is questionable. However, if feasibility of multiplexing of PC5 V2V with other services in the same carrier is clarified, and if it is feasible to multiplex PC5 V2V transmissions with different synchronization references in the same carrier, then Case 2 should be considered as a viable option as well.

Proposal 3: Adopt the synchronization source priorities for V2V operation as described in Figure 2. Feasibility of Cases 2 and 3 depend on further analysis on resource pool sizes for PC5 V2V operation, and on feasibility of tracking time-frequency synchronization by utilizing eNB transmissions from a different carrier, respectively. 


 
Figure 2: Synchronization source priorities for V2V operation.


Conclusions 
In this contribution we have mainly discussed the synchronization source priority in case of within NW coverage. We have made the following observation and proposals:
Observation 1: Resource pools from different cells and out-of-coverage UEs need to be time-aligned to allow UEs to follow transmissions from UEs in different cells and coverage situations. It is FFS if it is possible to have time-offsets between such resource pools, as that depends on the final resource pool design for PC5 V2V.
Proposal 1: Baseline assumption for time reference of PC5 V2V is GNSS or GNSS-equivalent, even for UEs that are within NW coverage in the same carrier as the UE is operating PC5 V2V.
Proposal 2: Even if the network is time-frequency synchronized to GNSS reference, UE follows synchronization given by its own GNSS or GNSS-equivalent synchronization source, unless instructed otherwise by the eNB. 
Observation 2: In case the UE is temporarily without a reliable GNSS or GNSS-equivalent reference, it should be able to utilize other signals to maintain time-frequency synchronization, e.g. PSS/SSS from eNB. The amount of time depends on expected clock drifts of the involved devices, UEs and/or eNBs, and the exact values are FFS.
Proposal 3: Adopt the synchronization source priorities for V2V operation as described in Figure 2. Feasibility of Cases 2 and 3 depend on further analysis on resource pool sizes for PC5 V2V operation, and on feasibility of tracking time-frequency synchronization by utilizing eNB transmissions from a different carrier, respectively. 
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