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Introduction
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]In RAN1 #86bis meetings, the following agreements were achieved [1]:
· [bookmark: OLE_LINK28][bookmark: OLE_LINK29]If the UE detects an eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, 
· If GNSS is prioritized over eNB by eNB configuration, UE directly or indirectly synchronized to GNSS has a higher priority than eNB.
· If the UE detects no eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, the following priority rules should be applied: 
· [bookmark: OLE_LINK71][bookmark: OLE_LINK72]P1: GNSS
· P2: the following UE has the same priority:
· [bookmark: OLE_LINK30]UE directly synchronized to GNSS
· UE directly synchronized to eNB 
· P3: the following UE has the same priority:
· [bookmark: OLE_LINK7]UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· UE indirectly synchronized to eNB 
· [bookmark: OLE_LINK8]P4: the remaining UEs have the lowest priority.
· The priority order between P1 and P2 can be (pre-)configured.
· Note: It is RAN1 understanding that P1 will be prioritized over P2 if the eNB prioritizes GNSS over eNB timing. 
In RAN1 #86meetings, the following agreements were achieved [2]:
· [bookmark: OLE_LINK135][bookmark: OLE_LINK136]GNSS is at the highest priority of synchronization source for time and frequency when the following conditions are met:
· The UE is out of coverage  on the V2X carrier (as defined by RAN2)
· The UE does not receive any eNB synchronization configuration 
· The UE directly receives GNSS with sufficient reliability (as defined by RAN4)
· The UE does not receive any SLSS_net signal  with in-coverage indicator 1
· The existing agreements apply when at least one of the above conditions is not met.
· FFS UE behaviour when the UE is out-of-coverage and receives SLSS_net.

[bookmark: OLE_LINK26][bookmark: OLE_LINK27]The detailed synchronization procedure and mechanisms have been proposed in [3]. In this contribution, based on the latest agreements, we present our views on synchronization issues for LTE V2X, such as priorities of synchronization source, SLSS and PSBCH contents.
Discussion
1. 
2. 
2.1. Synchronization Priorities
1. 
2. 
2.1. 
In coverage
[bookmark: _Ref465863741]GNSS is prioritized over eNB by eNB configuration
With GNSS-based synchronization, the following agreements were achieved in RAN1 #86bis:
· If the UE detects an eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, 
· If GNSS is prioritized over eNB by eNB configuration, UE directly or indirectly synchronized to GNSS has a higher priority than eNB.
For in coverage scenarios, with the configuration of GNSS-based synchronization, the priorities can be determined as follows:
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]GNSS > UE directly synchronized to GNSS > UE indirectly synchronized to GNSS > eNB
But the remaining conditions of in-coverage UEs are not determined.


                     
	(a)
	(b)


[bookmark: _Ref445799863][bookmark: OLE_LINK49][bookmark: OLE_LINK50]Figure 1 Example of GNSS-based synchronization for in-coverage UEs
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK231][bookmark: OLE_LINK232][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In Figure 1 (a), GNSS is prioritized over eNB by eNB configuration. Because the priority of GNSS is higher than eNB, UE 7 is an UE directly synchronized to GNSS. And since the priority of UE5 directly synchronized to GNSS is higher than eNB, UE 6 is an UE indirectly synchronized to GNSS. 
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Because the priority of UE2 indirectly synchronized to GNSS is higher than eNB, UE 3 selects UE 2 as synchronization source and UE 3 synchronizes with GNSS with 3 hops. However, the priorities between UE 3 and eNB are not determined. If the priority of eNB is higher than UE 3, UE 4 will synchronize with eNB. If eNB can receive GNSS signal and notify the DFN offset to UE 4, the timing difference between UE 4 and UE 3 may be small. Otherwise, the timing difference of UE 3 and UE 4 may be too large to communicate properly. Considering that the timing difference between eNB and GNSS is not determined, in-coverage UEs may have large timing offset if UE 4 synchronizes with eNB, which will lead to multiple synchronization clusters within a eNB coverage. Therefore, if eNB configure GNSS is prioritized over eNB for in-coverage UEs, eNB should not be used as synchronization source.
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK110][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK55][bookmark: OLE_LINK56]If the UE detects an eNB in a (pre-)configured carrier and GNSS is prioritized over eNB, eNB and UEs directly/indirectly synchronizing with eNB should not be used as synchronization source. 
The following priority rules should be applied: 
P1: GNSS > P2: UE directly synchronized to GNSS > P3: UE indirectly synchronized to GNSS > P4: the remaining UEs have the lowest priority.
[bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK151][bookmark: OLE_LINK152]As shown in Figure 1 (b), if eNB and UEs directly or indirectly synchronizing with eNB are not regarded as synchronization source, a single synchronization cluster based on GNSS for the in-coverage UEs can be achieved with the proposed priority rules.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK247]
[bookmark: OLE_LINK148][bookmark: OLE_LINK158][bookmark: OLE_LINK85][bookmark: OLE_LINK86]Proposal 1: If the UE detects an eNB in a (pre-)configured carrier  and GNSS is prioritized over eNB, eNB and UEs directly or indirectly synchronizing with eNB should not be used as synchronization source. The following priority rules should be applied: 
P1: GNSS > P2: UE directly synchronized to GNSS > P3: UE indirectly synchronized to GNSS >P4: the remaining UEs have the lowest priority

[bookmark: _Ref465865671]eNB is prioritized over GNSS by eNB configuration
[bookmark: OLE_LINK1][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54]If eNB is prioritized over GNSS by eNB configuration, the interference caused by the timing difference between GNSS and eNB should been considered. If UEs can receive the downlink synchronization signal from eNB, UEs should be regarded as in-coverage UEs. Otherwise, UEs should be regarded as out-of-coverage UEs. When in-coverage UEs receive both GNSS signal and downlink synchronization signal from eNB, in-coverage UEs will synchronize with eNB because of the configuration of eNB-based synchronization.


     
	(a)
	(b)


[bookmark: _Ref465859609]Figure 2 Example of eNB-based synchronization for in-coverage UEs
[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK61][bookmark: OLE_LINK62]As shown in Figure 2 (a), in-coverage UE 3 and UE 4 can directly receive both GNSS signal and downlink synchronization signal from eNB. In-coverage UE 5 can receive UE 3 synchronization signal and downlink synchronization signal from eNB, and UE 6 can receive UE 5 synchronization signal and downlink synchronization signal from eNB.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK68]If UE 3 and UE 4 synchronize with GNSS directly, and UE 5 and UE 6 synchronize with GNSS with more than two hops, the individual synchronization cluster will be formed. The timing of this synchronization cluster is derived from GNSS, which is different from eNB. Thus, transmission of this synchronization cluster will interfere with the transmissions of in-coverage UEs synchronized with eNB.
[bookmark: OLE_LINK81][bookmark: OLE_LINK82]If the UE detects an eNB in a carrier which is (pre-)configured as the carrier with eNB-based synchronization, GNSS and UEs directly or indirectly synchronizing with GNSS should not be used as synchronization source. The following priority rules should be applied: 
P1: eNB > P2: UE directly synchronized to eNB
As shown in Figure 2 (b), GNSS and UEs directly or indirectly synchronizing with GNSS are not regarded as synchronization source. Therefore, the global synchronization of eNB-based synchronization for the in-coverage UEs can be achieved with the proposed priority rules.
[bookmark: OLE_LINK25][bookmark: OLE_LINK33][bookmark: OLE_LINK248][bookmark: OLE_LINK159]Proposal 2: If the UE detects an eNB in a (pre-)configured carrier and  eNB is prioritized over GNSS by eNB configuration, GNSS and UEs directly or indirectly synchronizing with GNSS should not be used as synchronization source. The following priority rules should be applied: 
P1: eNB > P2: UE directly synchronized to eNB 

Out of coverage
In RAN1 #86bis meetings, the following agreements were achieved [1]:
· [bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97]If the UE detects no eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, the following priority rules should be applied: 
· [bookmark: OLE_LINK98][bookmark: OLE_LINK99]P1: GNSS
· P2: the following UE has the same priority:
· [bookmark: OLE_LINK91][bookmark: OLE_LINK92]UE directly synchronized to GNSS
· UE directly synchronized to eNB 
· P3: the following UE has the same priority:
· UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· UE indirectly synchronized to eNB 
· [bookmark: OLE_LINK104][bookmark: OLE_LINK105]P4: the remaining UEs have the lowest priority.
· The priority order between P1 and P2 can be (pre-)configured.
· Note: It is RAN1 understanding that P1 will be prioritized over P2 if the eNB prioritizes GNSS over eNB timing. 
P1 (GNSS)> P2 (UE directly synchronized to GNSS/eNB)
[bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK93][bookmark: OLE_LINK94]If GNSS is prioritized over eNB by eNB configuration, it is RAN1 understanding that P1 will be prioritized over P2 when UE detects no eNB in a carrier which potentially includes eNBs used as sync reference.
Based on the analysis in Chapter 2.1.1.1, proposal 1 suggests that eNB and UEs directly or indirectly synchronizing with eNB should not be used as synchronization source. Furthermore, since in-coverage UEs will not synchronize with eNB directly or indirectly if GNSS is prioritized over eNB,  then the UE cannot directly or indirectly synchronize to eNB in case that no eNB is detected in the (pre-)configured carrier.
[bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK106][bookmark: OLE_LINK107]Therefore, with GNSS-based synchronization, if UEs detects no eNB in a (pre-)configured carrier which potentially includes eNBs used as sync reference, the priority rules of RAN 1 #86bis should be simplified as follows:
· [bookmark: OLE_LINK102][bookmark: OLE_LINK103]P1: GNSS
· P2: UE directly synchronized to GNSS
· P3: UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· P4: the remaining UEs have the lowest priority.
[bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK155]For GNSS-based synchronization, eNB and UEs directly or indirectly synchronizing with eNB should not be used as synchronization source. The priority rules are same for both in-coverage UEs and out-of-coverage UEs. Thus, the global synchronization can be achieved for both in-coverage UEs and out-of-coverage UEs. The example of global synchronization is illustrated in Figure 3.


[bookmark: _Ref465865496][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK121][bookmark: OLE_LINK122]Figure 3 Example of global synchronization of GNSS-based synchronization 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK249][bookmark: OLE_LINK160]Proposal 3: When GNSS is prioritized over eNB by eNB configuration, the global synchronization can be achieved by the following simplified priority rules:
· [bookmark: OLE_LINK145][bookmark: OLE_LINK146]P1: GNSS
· P2: UE directly synchronized to GNSS
· P3: UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· P4: the remaining UEs have the lowest priority.

P2 (UE directly synchronized to GNSS/eNB)> P1 (GNSS)
[bookmark: OLE_LINK227][bookmark: OLE_LINK228][bookmark: OLE_LINK229][bookmark: OLE_LINK230][bookmark: OLE_LINK233][bookmark: OLE_LINK234]If P2 (UE directly synchronized to GNSS/eNB) is higher than P1 (GNSS), in order to provided more protection for WAN UL transmission, needs to be further considered, the priority of UE directly synchronized to eNB should be higher than GNSS. But the priority of UE directly synchronized to GNSS is higher than GNSS is not reasonable and impossible in any scenarios. Therefore, the configuration of P2 higher than P1 has to be reviewed carefully.
Based on the analysis in Chapter 2.1.1.2, proposal 2 suggests that GNSS and UEs directly or indirectly synchronizing with GNSS should not be used as synchronization source with eNB-based synchronization. 
Because in-coverage UEs can synchronize with eNB directly if eNB is prioritized over GNSS by eNB configuration, the UE which detects no eNB in a carrier can synchronize with an in-coverage UEs which are directly synchronizing to eNB.


[bookmark: _Ref465866698]Figure 4 Example of eNB-based synchronization for in-coverage and out-of-coverage UEs

[bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK127][bookmark: OLE_LINK128]As shown in Figure 4, considering of the protection for WAN UL transmission, when out-of-coverage UE 2 receives the synchronization signal from in-coverage UE 1 which is directly synchronizing to eNB, UE 2 should indirectly synchronize to eNB to reduce the interference to the cellular network. Therefore, the priority of in-coverage UEs directly synchronized to eNB shall be higher than GNSS. 
[bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK129][bookmark: OLE_LINK130]If out-of-coverage UE 3 cannot directly receive the synchronization signal from in-coverage UEs, but UE 3 can receive GNSS signal directly and out-of-coverage UE 2 indirectly synchronized to eNB. If UE 3 synchronizes with GNSS directly, UE 3 may interfere with the in-coverage UEs transmission. Thus, UE 3 has to synchronize with UE 2 indirectly synchronizing to eNB. So the priority of out-of-coverage UEs indirectly synchronize to eNB is higher than GNSS.
For the UEs which are out-of-coverage and far away from the network coverage, they will have little interference impact on the in-coverage UEs transmission, GNSS should be at the highest priority of synchronization source.
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK235][bookmark: OLE_LINK236]Based on the above analysis, the UE detects no eNB in a carrier with the eNB-based synchronization, and then the following priority rules should be applied:
· P1: in-coverage UE directly synchronized to eNB;
· [bookmark: OLE_LINK139][bookmark: OLE_LINK140]P2: out-of-coverage UE indirectly synchronized to eNB;
· P3: GNSS
· P4: out-of-coverage UE directly synchronized to GNSS
· P5: out-of-coverage UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· P6: the remaining out-of-coverage UEs have the lowest priority.
[bookmark: OLE_LINK36][bookmark: OLE_LINK100][bookmark: OLE_LINK250][bookmark: OLE_LINK161]Proposal 4: When UE detects no eNB in the (pre-)configured carrier with the eNB-based synchronization, the following priority rules should be applied:
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13]P1: in-coverage UE directly synchronized to eNB;
· P2: out-of-coverage UE indirectly synchronized to eNB;
· P3: GNSS
· P4: out-of-coverage UE directly synchronized to GNSS
· P5: out-of-coverage UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· P6: the remaining out-of-coverage UEs have the lowest priority.

2.2. SLSSID and in coverage indicator in PSBCH
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]In RAN1 #86bis meetings, the following agreements were achieved [1]:
· For the V2V PC5 SLSS
· [bookmark: OLE_LINK143][bookmark: OLE_LINK144]If the vehicle UE has selected the GNSS as syncRef and acts as a synchronization source, SLSS ID is set to 0 for SLSS transmissions.
· FFS whether a UE that selected SLSS ID = 0 as its sync reference transmits SLSS = X (FFS 0 or 168) and PSBCH in a different resource.
· FFS PSBCH content if transmits
[bookmark: OLE_LINK239][bookmark: OLE_LINK240]Based on the proposed priority rules for the GNSS-based synchronization, the global synchronization can be realized with the following configurations in Table 1:
[bookmark: _Ref465868804][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Table 1 Combination of SLSSID and in coverage indicator for GNSS-based synchronization
	Priority 
	Sync scenarios 
	SLSS ID 
	In Coverage 

	P1
	GNSS
	none
	none

	[bookmark: _Hlk465871464]P2
	UE directly synchronized to GNSS
	SLSS_net;
SLSSID=0
	TRUE

	P3
	UE indirectly synchronized to GNSS
	SLSS_net;
SLSSID =0
	FALSE

	P4
	Remaining UEs have the lowest priority
	SLSS_oon;
SLSSID =168
	FALSE



[bookmark: OLE_LINK241][bookmark: OLE_LINK242][bookmark: OLE_LINK6][bookmark: OLE_LINK9][bookmark: OLE_LINK243][bookmark: OLE_LINK244]With eNB-based synchronization for the in-coverage UEs, Rel-12 D2D mechanism can be reused as shown in Table 2.
[bookmark: _Ref465871226]Table 2 Combination of SLSSID and in coverage indicator for in-coverage UEs of eNB-based synchronization
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Priority 
	Sync scenarios 
	SLSS ID 
	In Coverage 

	P1
	eNB
	none
	none

	[bookmark: _Hlk465871342]P2
	UE directly synchronized to eNB
	SLSS_net;
[bookmark: OLE_LINK245][bookmark: OLE_LINK246]SLSSID belongs to [1, 167]
	TRUE



With eNB-based synchronization for the out-of-coverage UEs, Rel-12 D2D mechanism can be reused as shown in Table 3.
[bookmark: _Ref465871677][bookmark: OLE_LINK181][bookmark: OLE_LINK182]Table 3 Combination of SLSSID and in coverage indicator for out-of-coverage UEs of eNB-based synchronization
	[bookmark: _Hlk465872479]Priority 
	Sync scenarios 
	SLSS ID 
	In Coverage 

	P1
	in-coverage UE directly synchronized to eNB;
	[bookmark: OLE_LINK18][bookmark: OLE_LINK19]SLSS_net;
SLSSID belongs to [1, 167]
	TRUE

	P2
	out-of-coverage UE indirectly synchronized to eNB
	SLSS_net;
SLSSID belongs to [1, 167]; 
same as SyncRef UE
	FALSE

	P3
	GNSS
	none
	none

	P4
	[bookmark: OLE_LINK20][bookmark: OLE_LINK21]out-of-coverage UE directly synchronized to GNSS
	SLSS_net;
SLSSID =0
	TRUE

	P5
	out-of-coverage UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
	SLSS_net;
SLSSID =0
	FALSE

	P6
	Remaining out-of-coverage UEs have the lowest priority.
	SLSS_oon;
1) SyncRef UE is P5, SLSSID=168;
2) [bookmark: OLE_LINK41][bookmark: OLE_LINK42]SyncRef UE is P2, SLSSID of SyncRef UE plus 168;
3) SyncRef UE is P6, same as SyncRef UE
4) no SyncRef UE selected, randomly select one SLSSID from [168, 335]
	FALSE


[bookmark: OLE_LINK101][bookmark: OLE_LINK147]
[bookmark: OLE_LINK177][bookmark: OLE_LINK178]Proposal 5: The synchronization source priorities of PC5-based V2V can be distinguished with the combination of SLSSIDs and in-coverage indicator of PSBCH as in Table 1, Table 2 and Table 3.

1. 
2. 
1.1. 
Conclusion
In this contribution, the synchronization mechanism was discussed. Particularly, we have following proposals:
Proposal 1: If the UE detects an eNB in a (pre-)configured carrier  and GNSS is prioritized over eNB, eNB and UEs directly or indirectly synchronizing with eNB should not be used as synchronization source. The following priority rules should be applied: 
P1: GNSS > P2: UE directly synchronized to GNSS > P3: UE indirectly synchronized to GNSS >P4: the remaining UEs have the lowest priority

Proposal 2: If the UE detects an eNB in a (pre-)configured carrier and  eNB is prioritized over GNSS by eNB configuration, GNSS and UEs directly or indirectly synchronizing with GNSS should not be used as synchronization source. The following priority rules should be applied: 
P1: eNB > P2: UE directly synchronized to eNB 

Proposal 3: When GNSS is prioritized over eNB by eNB configuration, the global synchronization can be achieved by the following simplified priority rules:
· P1: GNSS
· P2: UE directly synchronized to GNSS
· P3: UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· P4: the remaining UEs have the lowest priority.

Proposal 4: When UE detects no eNB in the (pre-)configured carrier with the eNB-based synchronization, the following priority rules should be applied:
· P1: in-coverage UE directly synchronized to eNB;
· P2: out-of-coverage UE indirectly synchronized to eNB;
· P3: GNSS
· P4: out-of-coverage UE directly synchronized to GNSS
· P5: out-of-coverage UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· P6: the remaining out-of-coverage UEs have the lowest priority.

Proposal 5: The synchronization source priorities of PC5-based V2V can be distinguished with the combination of SLSSIDs and in-coverage indicator of PSBCH as in Table 1, Table 2 and Table 3.
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