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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the SI phase the following agreements on synchronization for PC5 interface based V2V communication was concluded [1]:
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
At RAN1#84b, further agreement on sidelink synchronization procedure enhancement was made [2]:
Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps
· The carrier that UE camps on can be different carrier other than the carrier that the priority is configured
· If the UE does not receive such a configuration, UE selects synchronization source with the same priority order as out of coverage case
· FFS: The priority order for out of coverage case
In this contribution, we will continue discussing the sidelink synchronization enhancement for partial coverage scenario as well as overlapped coverage scenario such as multi-operator operation, mainly dealing with the possible interference issues caused by timing difference.
[bookmark: _Ref129681832]Discussion
[bookmark: OLE_LINK4]Since timing priority is configured by eNB for in coverage UE and GNSS timing is prioritized for out-of-coverage UE, there may be multiple synchronization sources under some scenarios. In the following discussion, we will focus on 1) Partial coverage scenario, where some UEs may be out of coverage and among those UEs, some may also lose GNSS timing; 2) Overlapped coverage scenario, where different eNBs may prioritize different timing sources. Discussion on other scenarios can refer to our companion contribution [3].
Synchronization issue for out of coverage of GNSS or GNSS-equivalent
In D2D, cell edge UEs deliver the eNB timing to an out-of-coverage (OOC) area so that partial coverage UEs can communicate with each other. We consider a similar scenario in PC5-based V2V, where UEs are instructed to use GNSS or GNSS-equivalent synchronization. There are areas, such as a tunnel or an underground parking lot, where UEs cannot receive either GNSS or eNB signals. Once a UE loses GNSS synchronization, it will attempt to select a synchronization reference UE which transmits synchronization information. However, the timing of the reference UE may be different than GNSS timing. That means UEs in coverage of GNSS are not synchronized with nearby UEs without GNSS timing. Timing synchronization enables more than one UE to transmit in the same resource pool as well as allowing more than one UE to receive from the same pool; thus improving efficiency. 
[bookmark: OLE_LINK13]In one example as shown in Figure 1, UE 1 and UE 5 use GNSS timing and UE 2, UE 3 and UE 4 use OOC timing derived based on UE’s own timing. UE 5 and UE 4 may not be able to communicate with each other due to different timing without reestablishing timing synchronization. The same issue happens to UE 2 and UE 1 as well. In addition, due to different timing, UEs which are out of GNSS coverage may cause interference to in-GNSS coverage UEs; likewise for in-GNSS coverage UEs. A procedure is needed in PC5-based V2V to deliver GNSS timing to out of GNSS coverage area to align timing across the boundary, especially to areas where neither GNSS nor eNB timing can be received. 
Observation 1: A procedure is needed in PC5-based V2V to deliver GNSS timing to out of coverage of GNSS or GNSS-equivalent area.
[image: ]
[bookmark: _Ref446404009]Figure 1. Example scenario of out of GNSS coverage
It is natural to consider reusing a similar scheme of eNB timing forwarding in D2D. To be specific, UEs in GNSS coverage transmit SLSS when quality of GNSS or GNSS-equivalent signal is below a threshold. The out of GNSS coverage area is usually a special geographical area, such as a tunnel or an underground parking lot. For these areas there may be a GNSS signal quality jump at the edge of GNSS coverage. Furthermore, vehicles may move quickly through the edge of GNSS coverage. A vehicle has little time to transmit SLSS with GNSS timing before entering into an area without GNSS coverage. However, a UE usually needs several SLSSs to obtain synchronization. It is therefore very likely that UEs out of GNSS coverage cannot synchronize to the vehicle transmitting GNSS timing before that vehicle enters the no GNSS coverage area. So the SLSS transmission condition discussed above may not be effective to forward GNSS timing in PC5-based V2V. 
In the above discussion we consider enabling in–GNSS coverage UEs who are moving away from in-GNSS coverage area to transmit synchronization information. On the other hand we can consider enabling in-GNSS coverage UEs who just came from area without GNSS coverage to transmit synchronization information. After the UE enters into GNSS coverage, it should transmit synchronization information for a while. For example, UE 1 in Figure 1 transmits synchronization information for a certain time after acquiring GNSS timing. Then GNSS timing can be delivered to out of GNSS coverage area. Similar to D2D, a threshold can be predefined. A UE transmits synchronization information within a certain time after the quality of GNSS or GNSS-equivalent signal is higher than the threshold.
[bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: OLE_LINK139]Proposal 1: When GNSS or GNSS-equivalent timing is prioritized, a UE transmits synchronization information within a predefined time after the UE changes from out of GNSS or GNSS-equivalent coverage to in GNSS or GNSS-equivalent coverage, when the UE does detect any lower priority SLSS. 
[bookmark: OLE_LINK2]According to the observation on GNSS timing maintenance [4], synchronization can be maintained in the UE for several minutes after GNSS synchronization is lost. A synchronization source that has recently lost GNSS synchronization has more precise GNSS timing than the source that has lost GNSS for a longer time or never had GNSS timing. In Figure 1, although UE 4, UE 3 and UE 2 all lost GNSS timing, UE 4’s timing is closer to GNSS timing than UE 3 and UE 2. It is reasonable for UE 4 to transmit synchronization information rather than to synchronize with UE 3. A UE which recently lost GNSS should transmit synchronization information for a certain time. Then a quasi GNSS-equivalent timing can be delivered to no GNSS coverage area. 
Proposal 2: When GNSS or GNSS-equivalent timing is prioritized, a UE transmits synchronization information for a predefined time after losing GNSS or GNSS-equivalent timing, when the UE does not detect any higher priority SLSS.
It is better for other UEs to know whether the UE transmitting SLSS recently lost GNSS no matter what priority it will be. UE which recently lost GNSS may have the same priority with other UEs. It can be up to UE implementation to select which synchronization source. 
Observation 2: SLSS transmitted by UE which recently lost GNSS should be differentiated from other SLSSs.
· One bit in PSBCH can indicate whether UE recently lost GNSS. 
· It can be up to UE implementation to select one synchronization source from synchronization sources with the same priority. 
Synchronization issue for multi-operator operation scenario
In multi-operator operation for V2V, synchronization can be divided into two possible cases according to V2V spectrum allocated to operators. One is that separate carriers are allocated for different operators, the other one is that a same carrier is shared among different operators. Figure 2 illustrates an example scenario for multi-operator operation, which can cover the two cases mentioned above. In the example of Figure 2, UE1, UE2 and UE3 camp on eNB1 which belongs to Operator 1; UE4 and UE5 camp on eNB2 which belongs to Operator 2. UE3 is in the overlapped coverage area between eNB1 and eNB2. 

[bookmark: _Ref446404307]Figure 2: Multi-operator operation in V2V
When separate carriers are allocated to different operators, UEs should be allowed to switch their working carriers to the carriers owned by other operators in order to communicate with nearby vehicle UEs subscribed to those operators. One challenging problem is timing coordination between those UEs with different operator subscription. If different timings are used, e.g., different T1 and T2 in Figure 2, significant delay including carrier switching and synchronization may be introduced for UEs switching their working carriers. Even more, UEs can only communicate with other UEs working on the same carrier. 
When a same carrier is shared by different operators, the synchronization will be much simpler. Taking Figure 2 as an example, when T1 is the same or equivalent to T2, e.g., they are all GNSS based, there will be no synchronization problem. However, if T1 and T2 are different, e.g., some UEs lose GNSS synchronization or eNBs configure different prioritized timings for in coverage UEs, there will be inter-UE interference caused by asynchronous transmissions in overlapped coverage areas. In Figure 2, UE3 will face this challenge if T1 and T2 are different.
The scenario is similar to normal D2D operation. However, synchronization issue is more crucial for V2V since vehicles always need to communicate with proximate vehicles and more critical latency is required for safety reasons.
To reduce the possible interference, timing coordination such as enhanced SLSS based synchronization procedure can be considered. In R12/13 D2D, the period of SLSS is fixed as 40ms considering the power consumption during synchronization, while it is not necessary to keep this period for V2V considering vehicle UEs’ capability. It is beneficial to reduce the synchronization resource overhead by increasing the SLSS period. Furthermore, when GNSS based timing is adopted, the accuracy and stability provided by GNSS can guarantee a relative long-term synchronization. Hence it is reasonable to configure or pre-define the SLSS period according to the type of derived timing source and/or the coverage scenario. 
When vehicle UEs are in network coverage, the mechanism defined in R12/13 D2D for the serving eNBs forwarding the timing offsets between its own timing and neighbor eNBs’ timing can be used to coordinate the timing. However, for OOC UEs using GNSS as the timing source, there is no eNB to forward the timing offset. Hence IC UEs using eNB based timing may be interfered by these OOC UEs. As shown in Figure 3, where UE2 based on GNSS timing may cause interference to UE1 based on eNB timing. Assuming UE1 can forward the eNB’s timing, UE2 can then measure the timing offset between eNB and GNSS. If the timing offset can be carried in PSBCH and forwarded by UE2, OOC UEs such as UE2 and UE3 can maintain time and frequency synchronization with GNSS while they transmit V2V signals including SLSS and traffic messages with GNSS timing plus the measured timing offset. Hence the interference to InC UEs can be reduced.
[image: ]
[bookmark: _Ref450115942]Figure 3. Interference caused by OOC UEs
Observation 3: Separate carriers for V2V for multi-operator operation are complicated considering the synchronization latency and timings. Shared carrier for multi-operator operation can simplify the synchronization procedure.
Proposal 3: GNSS based timing is preferred for multi-operator operation; if there is no GNSS based timing in a shared carrier in multi-operator operation mode, SLSS based synchronization procedure can be considered in this shared carrier and following enhancement can be considered:
· Configurable SLSS period
· Timing offset carried by PSBCH
Conclusions
In this contribution, we discuss partial coverage and overlapped coverage synchronization issues and make the following observations and proposals:
Observation 1: A procedure is needed in PC5-based V2V to deliver GNSS timing to out of coverage of GNSS or GNSS-equivalent area. 
Observation 2: SLSS transmitted by UE which recently lost GNSS should be differentiated from other SLSSs.
· One bit in PSBCH can indicate whether UE recently lost GNSS. 
· It can be up to UE implementation to select one synchronization source from synchronization sources with the same priority. 
Proposal 1: When GNSS or GNSS-equivalent timing is prioritized, a UE transmits synchronization information within a predefined time after the UE changes from out of GNSS or GNSS-equivalent coverage to in GNSS or GNSS equivalent coverage, when the UE does detect any lower priority SLSS.
Proposal 2: When GNSS or GNSS-equivalent timing is prioritized, a UE transmits synchronization information for a predefined time after losing GNSS or GNSS-equivalent timing, when the UE does not detect any higher priority SLSS.
Observation 3: Separate carriers for V2V for multi-operator operation are complicated considering the synchronization latency and timings. Shared carrier for multi-operator operation can simplify the synchronization procedure.
Proposal 3: GNSS based timing is preferred for multi-operator operation; if there is no GNSS based timing in a shared carrier in multi-operator operation mode, SLSS based synchronization procedure can be considered in this shared carrier and following enhancement can be considered:
· Configurable SLSS period
· Timing offset carried by PSBCH
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