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Introduction
In RAN1 #86meetings, the following agreements were achieved [1]:
· 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.
The detailed synchronization procedure and mechanisms have been proposed in [2]. In this contribution, we modify the priorities of synchronization source and present our views on synchronization procedure for LTE V2X.  The synchronization procedure for GNSS or GNSS equivalent based and eNB based are proposed.
Discussion
1. 
2. 
2.1. Synchronization Priorities
The synchronization priorities for GNSS-based synchronization UEs are proposed as follows:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]GNSS > UEs sync with GNSS directly > UEs sync with GNSS indirectly = Independent sync source.
Proposal 1: The synchronization priorities for GNSS-based synchronization UEs are proposed as follows:
GNSS > UEs sync with GNSS directly > UEs sync with GNSS indirectly = Independent sync source.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]If shared carriers are allocated for PC5-based V2V and Uu, the interference from PC5 to Uu has to be considered to protect the WAN traffic. The following scenarios are illustrated to discuss the impacts of synchronization priority rule due to the interference between PC5 and Uu:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Scenario 1: In-coverage UEs synchronized with eNB or GNSS:


 
(a) eNB-based                                                               (b) GNSS-based
[bookmark: _Ref445799863]Figure 1 Example of multiple clusters of eNB-based or GNSS-based synchronization
 As shown in Figure 1 (a) and (b), there are different clusters for the in-coverage UEs which are synchronized with eNB or GNSS respectively. And the synchronization error of different clusters may be too large to achieve global synchronization. Therefore, it is suggested that all in-coverage UEs shall synchronize with eNB in eNB-based synchronization, even if UEs can synchronize with GNSS directly. In GNSS-based synchronization, all in-coverage UEs shall synchronize with GNSS directly or indirectly.  The global timing has to be achieved for the in-coverage UEs with eNB-based synchronization or GNSS-based synchronization.
Proposal 2: A global synchronization has to be achieved in coverage: In eNB-based synchronization, all in-coverage UEs synchronize with eNB. In GNSS-based synchronization, all in-coverage UEs synchronize with GNSS directly or indirectly. 

Scenario 2: Partial-coverage UEs:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]As shown in Figure 2, if partial-coverage UEs (UE3) synchronize with GNSS directly or partial-coverage UEs (UE4) synchronize with out-of-coverage UEs which has synchronized with GNSS directly (UE6), because of the transmission delay and receiving error, the timing offset between in-coverage UEs synchronized with eNB and the partial-coverage UEs synchronized with GNSS may be large. The partial-coverage UEs (UE3 and UE4) will interfere with the in-coverage UEs seriously.


[bookmark: _Ref458094868]Figure 2 Example of partial-coverage UEs interfere with in-coverage UEs
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In order to protect the cellular communications, the priority of in-coverage UEs which are synchronized with eNB of eNB-based synchronization is higher than that of GNSS or out-of-coverage UEs which are synchronized with GNSS directly. Further considering the synchronization of out-of-coverage UEs, we think that the priority of out-of-coverage UEs synchronize with GNSS directly shall be higher than that of partial-coverage-UEs, since the synchronization accuracy of partial-coverage UEs are uncertain Therefore, synchronization priority of partial-coverage UEs is same as UEs synchronized with GNSS indirectly and independent synchronization source.
Proposal 3: In order to protect the WAN traffic from partial-coverage UEs, the following priority order is proposed:
In-coverage UEs synchronized with eNB > GNSS > out-of-coverage UEs synchronized with GNSS directly > partial-coverage UEs=UEs synchronized with GNSS indirectly = Independent sync source

Scenario 3: In-coverage UEs of GNSS-based synchronization receive synchronization signal from in-coverage UE of eNB-based synchronization:


[bookmark: _Ref458096679]Figure 3 Example of interference from in-coverage UE sync with GNSS to UE sync with eNB
As shown in Figure 3, where the in-coverage UE5 can synchronize with eNB if eNB-based synchronization manner is performed, and partial-coverage UE6 can synchronize with in-coverage UE5 as proposal 3 to protect the cellular communications. 
In RAN1 #83 meeting, the following working assumption is agreed:
Priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is the same as that of  SLSS_net with in coverage indicator 1.
In Figure 3, according to the above working assumption, the priority of UE1 is same as UE2, UE4, and UE5. For out-of-coverage UE7, if UE7 can receive the synchronization signal from UE1 and UE5, UE7 will consider the priority of UE1 is same as UE5. Then UE7 may choose the stronger signal between UE1 and UE5 as synchronization source. The working assumption may be reasonable for UE7.
In-coverage UE3 is at the cell edge of GNSS-based synchronization cell and it can receive synchronization signal from UE1 and UE4. If UE3 synchronize with UE1, UE3 will interfere with UE5 seriously. Meanwhile, in-coverage UE2 synchronizes with GNSS directly and interferes with UE5. 
Based on the above analysis, the working assumption cannot provide reasonable priority order for the scenario 3. If in-coverage UEs synchronized with eNB are interfered with the partial-coverage UEs and in-coverage UEs, the working assumption has to be revoked. In order to protect eNB-based synchronization WAN traffic, regardless of the coverage state, the synchronization priority of in-coverage UEs synchronizing with eNB is always higher than GNSS and UEs synchronizing with GNSS directly. 
Option 1: in-coverage UEs sync with eNB > GNSS >UEs sync with GNSS directly > {UEs sync with GNSS indirectly = partial-coverage sync with in-coverage UEs = Independent synchronization source}
If in-coverage UEs synchronized with eNB are mainly interfered with the partial-coverage UEs, the working assumption can be kept. The synchronization priority of UEs synchronized with GNSS directly has to be distinguished by the coverage state. The synchronization priority of in-coverage UEs synchronized with eNB is same as in-coverage UEs synchronized with GNSS, but higher than out-of-coverage UEs synchronized with GNSS directly.
Option 2: {in-coverage UEs sync with eNB = in-coverage UEs sync with GNSS directly} > GNSS > out-of-coverage UEs sync with GNSS directly > {out-of-coverage UEs sync with GNSS indirectly = partial-coverage sync with in-coverage UEs = Independent sync source}
From the selected three scenarios, for shared carriers, the avoidance of potential interference between PC5 and Uu has to be considered carefully. With the consideration of different interference condition, two options of priority order can be configured. Though option 1 will be suggested to revoke the working assumption, option 1 is recommended because option 1 can protect eNB-based synchronization with less interference and compatible with proposal 1 pre-configured out-of-coverage synchronization priorities. 
Proposal 4: In case of shared carriers operation, in order to avoid the potential interference between PC5 and Uu. The priority order of synchronization is proposed as following: in-coverage UEs sync with eNB > GNSS > UEs sync with GNSS directly > {UEs sync with GNSS indirectly = partial-coverage sync with in-coverage UEs = Independent synchronization source}
2.2. SLSSID and in coverage indicator in PSBCH
In RAN1 #85 meeting, it is agreed that at least one value is reserved for SLSS ID used for UEs synchronized with GNSS directly. The reserved value(s) of the SLSS IDs is (are) pre-defined. Reusing R12/13 D2D, the synchronization source priorities of PC5-based V2V can be distinguished with the combination of SLSSIDs and in-coverage indicator [3]. Because two options of synchronization priorities are proposed in proposal 4, the combinations of SLSSID and in coverage indicator are listed as Table 1:
[bookmark: _Ref458154074]Table 1 Combination of SLSSID and in coverage indicator of Proposal 4 Option 1 :
	Priority 
	Sync scenarios 
	SLSS ID 
	In Coverage 

	1 
	eNB-based sync: 
in-coverage UEs sync with eNB 
	SLSS_net ;
[0, 167] except X1; 
	TRUE 

	2 
	GNSS-based sync (*): 
UEs sync with GNSS directly 
	SLSS_net ;
fixed value X1 
	TRUE 

	3 
	GNSS-based sync (*): 
UEs sync with GNSS indirectly 
	SLSS_oon; related to SyncRef UE:
1) One hop from UEs sync with GNSS directly: fixed value X2 (X1 plus 168);
2) Two hops or more hops from UEs sync with GNSS directly: same as SyncRef UE;
	FALSE 

	
	eNB-based sync: 
partial-coverage sync with in-coverage UEs 
	SLSS_oon; 
SLSSID of SyncRef UE plus 168; 
	FALSE 

	
	Independent synchronization source (*)
	SLSS_oon; randomly select an SLSSID from SLSS_oon sequences using a uniform distribution. 
[168, 335] except X2. 
	FALSE 


Note: (*) can be reused for proposal 1 (pre-configured out-of-coverage synchronization priority).

[bookmark: _Ref458154332]Table 2 Combination of SLSSID and in coverage indicator of Proposal 4 Option 2:
	Priority 
	Sync scenarios 
	SLSS ID 
	In Coverage 

	1 
	eNB-based sync: in-coverage UEs sync with eNB 
	SLSS_net ;
[0, 167] except X1; 
	TRUE 

	
	GNSS-based sync: in-coverage UEs sync with GNSS directly (*)
	SLSS_net ;
fixed value X1 
	TRUE 

	2 
	GNSS-based sync: partial-coverage or out-of-coverage UEs sync with GNSS directly (*)
	SLSS_net ;
fixed value X1 
	FALSE 

	3 
	GNSS-based sync: partial-coverage or out-of-coverage UEs sync with GNSS indirectly (*)
	SLSS_oon; related to SyncRef UE:
1) One hop from UEs sync with GNSS directly: fixed value X2 (X1 plus 168);
2) Two hops or more hops from UEs sync with GNSS directly: same as SyncRef UE;
	FALSE 

	
	eNB-based sync: partial-coverage sync with in-coverage UEs 
	SLSS_oon; 
SLSSID of SyncRef UE plus 168; 
	FALSE 

	
	Independent synchronization source (*)
	SLSS_oon; randomly select an SLSSID from SLSS_oon sequences using a uniform distribution. 
[168, 335] except X2. 
	FALSE 


Note: (*) can be reused for proposal 1 (pre-configured out-of-coverage synchronization priority).
Proposal 5: The synchronization source priorities of PC5-based V2V can be distinguished with the combination of SLSSIDs and in-coverage indicator as in Table 1 and Table 2.
2.3. Synchronization subframe
With half-duplex limitation, transmitting and receiving subframe cannot be at the same subframe. Based on the synchronization priorities and reusing R12/13 D2D design method, the synchronization subframe configuration of eNB-based synchronization is same as R12/13 D2D. In GNSS-based synchronization, one additional synchronization subframe is added for in-coverage UEs and R12/13 D2D pre-configure mechanism for out-of-coverage UEs is reused. 
Proposal 6: Reusing R12/13 D2D, the synchronization subframe configuration of eNB-based synchronization is same as R12/13 D2D. In GNSS-based synchronization, one additional synchronization subframe is added for in-coverage UEs and R12/13 D2D pre-configure mechanism for out-of-coverage UEs is reused.
2.4. PSBCH
TDD-ConfigSL-r12 of PSBCH is used for TDD uplink and downlink subframes configuration and FDD UL carriers in R12/13 D2D.  TDD-ConfigSL-r12 of PSBCH can be reused for LTE V2X shared carriers. 
But for LTE V2X dedicated carriers, all subframes can be utilized for transmission. subframeAssignmentSL of TDD-ConfigSL-r12 in PSBCH indicates UL/ DL subframe configuration as specified in TS 36.211 [7]. If the value none is configured, there are no applicable TDD specific physical channel configuration and PSBCH is transmitted on the FDD UL carrier. For LTE V2X, the value none should be modified to support the both FDD UL carrier and V2X dedicated carrier.
Proposal 7: The value none of subframeAssignmentSL of TDD-ConfigSL-r12 in PSBCH should be modified to support both FDD UL carrier and V2X dedicated carrier.
2.5. Synchronization compensation
In RAN1 #86 meeting, the following agreements are achieved:
· RAN1 observed the potential benefit of (pre)configuring an offset to shift the DFN #0 w.r.t the reference timing derived from GNSS. RAN1 assumes that RAN2 will decide whether this feature will be included in the outcome of V2V WI.
· The offset is in range [0, 1 ms] with the granularity of 1 us.
The DFN timing difference is analyzed in the following scenarios [8]:
· In coverage UE and out of coverage UE coexisted.
· UEs belong to different PLMNs
· Asynchronous network
If offset [0, 1 ms] with the granularity of 1 us is included in DFN calculation from GNSS, DFN timing difference among UEs will cause that the synchronization convergence cannot be achieved and DFN-based V2X communications may be affected.
The offset should not be configured to DFN-based V2X UE, and GNSS-based synchronization without timing offset configuration mechanism should be supported.
Proposal 8: The offset should not be configured to DFN-based V2X UE, and GNSS-based synchronization without timing offset configuration mechanism should be supported.

1. 
2. 
1.1. 
Conclusion
In this contribution, the synchronization mechanism was discussed. Particularly, we have following proposals:
Proposal 1: The synchronization priorities for GNSS-based synchronization UEs are proposed as follows:
GNSS > UEs sync with GNSS directly > UEs sync with GNSS indirectly = Independent sync source.
Proposal 2: A global synchronization has to be achieved in coverage: In eNB-based synchronization, all in-coverage UEs synchronize with eNB. In GNSS-based synchronization, all in-coverage UEs synchronize with GNSS directly or indirectly. 
Proposal 3: In order to protect the WAN traffic from partial-coverage UEs, the following priority order is proposed:
In-coverage UEs synchronized with eNB > GNSS > out-of-coverage UEs synchronized with GNSS directly > partial-coverage UEs=UEs synchronized with GNSS indirectly = Independent sync source
Proposal 4: In case of shared carriers operation, in order to avoid the potential interference between PC5 and Uu. The priority order of synchronization is proposed as following: in-coverage UEs sync with eNB > GNSS > UEs sync with GNSS directly > {UEs sync with GNSS indirectly = partial-coverage sync with in-coverage UEs = Independent synchronization source}
Proposal 5: The synchronization source priorities of PC5-based V2V can be distinguished with the combination of SLSSIDs and in-coverage indicator as in Table 1 and Table 2.
Proposal 6: Reusing R12/13 D2D, the synchronization subframe configuration of eNB-based synchronization is same as R12/13 D2D. In GNSS-based synchronization, one additional synchronization subframe is added for in-coverage UEs and R12/13 D2D pre-configure mechanism for out-of-coverage UEs is reused.
Proposal 7: The value none of subframeAssignmentSL of TDD-ConfigSL-r12 in PSBCH should be modified to support both FDD UL carrier and V2X dedicated carrier.
Proposal 8: The offset should not be configured to DFN-based V2X UE, and GNSS-based synchronization without timing offset configuration mechanism should be supported.
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