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Introduction
In RAN1 #84 meeting, the following agreements were achieved [1]：
· 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 RAN1 #83 meeting, the following agreements were made [2]:
· Priority of synchronization source includes at least transmission timing reference.
· FFS whether there is any differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions
· SLSS transmitted from out-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is differentiated from SLSS_net with in coverage indicator 1
And in R1-157764 [3], the following agreements and working assumption are listed: 
· At least reuse Priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon
· FFS: any new priorities can be defined if benefits are shown
· FFS: GNSS or GNSS equivalent Priority
· Working assumption: 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 WID RP-152293 [4], the detailed objectives of V2X synchronization are as follows:
· To specify enhancement to sidelink synchronization procedure necessary for V2V services [RAN1, RAN2]
· Low priority is given to enhancements to Rel-12/13 SLSS-based synchronization.
The detailed synchronization procedure and mechanisms have been proposed in [5]. In this contribution, we modify the synchronization source priorities 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 source priorities of in-coverage UEs
When eNB instructs eNB-based synchronization, in-coverage UEs can synchronize with eNB. The synchronization error of UEs in proximity is related to the communications range and receiving process error, but the total error is less than CP. With the adjustment according to the receiving information, a global synchronization has to be achieved in eNB coverage. When UE cannot receive the downlink synchronization from eNB but can directly receive the GNSS signal, if UE synchronize with GNSS, there will be different clusters in coverage for synchronizing with eNB or GNSS respectively. The synchronization error of different clusters may be too large to achieve global synchronization.  Meanwhile, if UE cannot receive the downlink synchronization from eNB, the UE should be considered as out-of-coverage UE. Thus, in-coverage UE should synchronize with eNB in eNB-based synchronization, even UE can synchronize with GNSS directly, and the UE still synchronize with eNB.
In Figure 1, UE1 and UE2 synchronize with eNB, but UE3 and UE4 synchronize with GNSS directly. There are two clusters in coverage, such as UE1/2, UE3/4. The synchronization error of the two clusters may be too large to achieve global synchronization.


[bookmark: _Ref445799863]Figure 1 Example of multiple clusters of eNB-based synchronization
When eNB instructs GNSS-based synchronization, if in-coverage UEs cannot synchronize with GNSS directly but can synchronize with eNB, the convergence of synchronization is fast. There will be different clusters in coverage for synchronizing with eNB or GNSS respectively. The synchronization error of different clusters may be too large to achieve global synchronization. Though convergence of multi-hop SLSS-based synchronization is slower than synchronizing with eNB, global synchronization can be achieved at last. It is noted that SLSS-based synchronization is given with low priority and need be further studied [4]. Thus, in-coverage UE should synchronize with GNSS directly or indirectly in GNSS-based synchronization without synchronizing with eNB. The process of SLSS-based synchronization is FFS.
In Figure 2, UE4 and UE5 synchronize with eNB, UE1 and UE6 synchronize with GNSS directly and UE2 and UE3 synchronize with GNSS indirectly. There are two clusters in coverage, such as UE4/5, UE1/2/3/6. The synchronization error of the two clusters may be too large to achieve global synchronization.


[bookmark: _Ref445800179]Figure 2 Example of multiple clusters of GNSS-based synchronization
Based on the above analysis, a global synchronization has to be achieved in coverage with eNB-based synchronization or GNSS-based synchronization. In eNB-based synchronization, all in-coverage UEs synchronize with eNB. Even if UEs can synchronize with GNSS directly, UEs still synchronize with eNB. In GNSS-based synchronization, all in-coverage UEs synchronize with GNSS directly or indirectly. SLSS-based synchronization is helpful to form global synchronization but need to be FFS.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 1: A global synchronization should be achieved in coverage:
· In eNB-based synchronization, all in-coverage UEs synchronize with eNB. Even if UEs can synchronize with GNSS directly, UEs still synchronize with eNB. 
· In GNSS-based synchronization, all in-coverage UEs synchronize with GNSS directly or indirectly. SLSS-based synchronization is helpful to form global synchronization.
When eNB instructs eNB-based synchronization, all in-coverage UEs synchronize with eNB and there is only one synchronization source priority in coverage.
When eNB instructs GNSS-based synchronization, all in-coverage UEs synchronize with GNSS directly and indirectly. With different synchronization accuracy, synchronization source priorities can be classified. Because SLSS-based synchronization is low priority [4], the synchronization source priorities of in-coverage UEs synchronize with GNSS indirectly will not be divided further. Thus, there are two priorities in coverage for in-coverage UEs synchronize with GNSS directly and in-coverage UEs synchronize with GNSS indirectly respectively.
With the working assumption of RAN1 #83 meeting, 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. The synchronization source priority of in-coverage UEs synchronize with eNB in eNB-based synchronization is same as in-coverage UEs synchronize with GNSS directly in GNSS-based synchronization.
The priority order of synchronization source priorities of in-coverage UEs is proposed as follows:
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]eNB-based synchronization: in-coverage UEs synchronize with eNB = GNSS-based synchronization: in-coverage UEs synchronize with GNSS directly > in-coverage UEs synchronize with GNSS indirectly in GNSS-based synchronization
Proposal 2: The priority order of synchronization source priorities of in-coverage UEs is proposed as follows:
eNB-based synchronization: in-coverage UEs synchronize with eNB = GNSS-based synchronization: in-coverage UEs synchronize with GNSS directly > in-coverage UEs synchronize with GNSS indirectly in GNSS-based synchronization
Figure 3 illustrates two adjacent cells for eNB-based synchronization and GNSS-based synchronization respectively. In eNB-based synchronization cell, UE3 can synchronize with GNSS directly but still synchronizes with eNB, and UE 4 cannot synchronize with GNSS directly but can synchronize with eNB. In GNSS-based synchronization cell, UE1 can synchronize with GNSS directly without synchronizing with eNB, and UE 2 cannot synchronize with GNSS directly. UE 2 will not synchronize with eNB and select UE 1 as synchronization reference UE. The priority orders of in-coverage UEs are listed: UE1= UE3=UE4>UE2.


[bookmark: _Ref445804360]Figure 3 Example of synchronization source priorities of in-coverage UEs
2.2. Synchronization source priorities of Partial-coverage and out-of-coverage UEs
When eNB instructs eNB-based synchronization, all in-coverage UEs synchronize with eNB to alleviate the impact of interference of PC5 and Uu. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Because of transmission delay and receiving error, in-coverage UEs at cell edge may have large offset with the timing of GNSS. If partial-coverage UEs synchronize with out-of-coverage UEs synchronizing with GNSS directly, partial-coverage UEs will interfere with the in-coverage UEs at cell edge with large offset.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In [7], the message size of periodic traffic is assumed that one 300-byte message is followed by four 190-byte messages. If partial-coverage UEs synchronize with out-of-coverage UEs synchronizing with GNSS directly, when partial-coverage UEs transmit the small packet and in-coverage UEs at cell edge transmit the large packet, the interference from partial-coverage UEs may be more severe than from in-coverage UEs at cell edge.
So, partial-coverage UEs should synchronize with in-coverage UEs. The priority of in-coverage UEs synchronize with eNB in eNB-based synchronization is higher than out-of-coverage UEs synchronize with GNSS directly in GNSS-based synchronization.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK15][bookmark: OLE_LINK16]According to the agreements of RAN1#82bis meeting [6], the priority of vehicle UE directly receives GNSS is highest in out of coverage. Based on the analysis of [5] and the fading model of [7], not two-hop but one-hop is necessary for in-coverage synchronization transmission to be forwarded.
When eNB instructs GNSS-based synchronization, in-coverage UEs and out-of-coverage UEs synchronize with GNSS directly and indirectly. Because the synchronization source priority of in-coverage UEs synchronize with eNB in eNB-based synchronization is same as in-coverage UEs synchronize with GNSS directly in GNSS-based synchronization, the synchronization source priority of in-coverage UEs synchronize with GNSS directly in GNSS-based synchronization is higher than out-of-coverage UEs synchronize with GNSS directly in GNSS-based synchronization.
Proposal 3：The priority order of synchronization source priorities related to partial-coverage UEs is proposed as follows:
eNB-based synchronization: in-coverage UEs synchronize with eNB = GNSS-based synchronization: in-coverage UEs synchronize with GNSS directly > GNSS-based synchronization: partial-coverage UEs synchronize with GNSS directly = out-of-coverage UEs synchronize with GNSS directly > GNSS-based synchronization: partial-coverage UEs synchronize with GNSS indirectly = out-of-coverage UEs synchronize with GNSS indirectly = eNB-based synchronization: partial-coverage UEs
In Figure 4, in-coverage UE1 and UE2 synchronize with eNB in eNB-based synchronization.  Even if partial-coverage UE3 can synchronize with GNSS directly, UE3 still synchronize with in-coverage UE1. When partial-coverage UE4 can receive synchronization from UE1/2/3, UE4 select UE1 as synchronization reference UE because the priority of UE1 and UE2 is higher than UE3 and the measurement of UE1 is stronger than UE2 with the extension of selection of synchronization reference UE in [5].
UE5/8/9 can synchronize with GNSS directly and UE6/7 cannot synchronize with GNSS directly. With the extension of selection of synchronization reference UE in [5], UE5 is synchronization reference UE for UE6/7/8.


[bookmark: _Ref445815680]Figure 4 Example of synchronization source priorities of partial-coverage and in-coverage UEs

2.3. Synchronization source priorities of PC5-based V2V
Reusing R12 D2D, the synchronization source priority of independent synchronization source is the lowest.
Based on the above analysis, the priority order of synchronization source priorities of PC5-based V2V UEs is proposed as follows:
1) Priority 1:  
· eNB-based synchronization: in-coverage UEs synchronize with eNB;
· GNSS-based synchronization: in-coverage UEs synchronize with GNSS directly;
2) Priority 2:  
· out-of-coverage UEs synchronize with GNSS directly;
· GNSS-based synchronization: partial-coverage UEs synchronize with GNSS directly;
3) Priority 3:  
· out-of-coverage UEs synchronize with GNSS indirectly;
· GNSS-based synchronization: partial-coverage UEs synchronize with GNSS indirectly;
· eNB-based synchronization: partial-coverage UEs;
· Independent synchronization source.
Proposal 4: Reusing R12 D2D, the synchronization source priority of independent synchronization source is the lowest. In summary, the priority order of synchronization source priorities of PC5-based V2V UEs is proposed as follows:
1) Priority 1:  
· eNB-based synchronization: in-coverage UEs synchronize with eNB;
· GNSS-based synchronization: in-coverage UEs synchronize with GNSS directly;
2) Priority 2:  
· out-of-coverage UEs synchronize with GNSS directly;
· GNSS-based synchronization: partial-coverage UEs synchronize with GNSS directly;
3) Priority 3:  
· out-of-coverage UEs synchronize with GNSS indirectly;
· GNSS-based synchronization: partial-coverage UEs synchronize with GNSS indirectly;
· eNB-based synchronization: partial-coverage UEs;
· Independent synchronization source.
Figure 5 demonstrates an example of the synchronization source priorities of PC5-based V2V synchronization: 


[bookmark: _Ref445820183]Figure 5 Example of synchronization source priorities of PC5-based V2V UEs
1. 
2. 
1.1. 
Conclusion
In this contribution we made the following proposals:
Proposal 1: A global synchronization should be achieved in coverage:
· In eNB-based synchronization, all in-coverage UEs synchronize with eNB. Even if UEs can synchronize with GNSS directly, UEs still synchronize with eNB. 
· In GNSS-based synchronization, all in-coverage UEs synchronize with GNSS directly or indirectly. SLSS-based synchronization is helpful to form global synchronization.
Proposal 2: The priority order of synchronization source priorities of in-coverage UEs is proposed as follows:
eNB-based synchronization: in-coverage UEs synchronize with eNB = GNSS-based synchronization: in-coverage UEs synchronize with GNSS directly > in-coverage UEs synchronize with GNSS indirectly in GNSS-based synchronization
Proposal 3：The priority order of synchronization source priorities related to partial-coverage UEs is proposed as follows:
eNB-based synchronization: in-coverage UEs synchronize with eNB = GNSS-based synchronization: in-coverage UEs synchronize with GNSS directly > GNSS-based synchronization: partial-coverage UEs synchronize with GNSS directly = out-of-coverage UEs synchronize with GNSS directly > GNSS-based synchronization: partial-coverage UEs synchronize with GNSS indirectly = out-of-coverage UEs synchronize with GNSS indirectly = eNB-based synchronization: partial-coverage UEs
Proposal 4: Reusing R12 D2D, the synchronization source priority of independent synchronization source is the lowest. In summary, the priority order of synchronization source priorities of PC5-based V2V UEs is proposed as follows:
1) Priority 1:  
· eNB-based synchronization: in-coverage UEs synchronize with eNB;
· GNSS-based synchronization: in-coverage UEs synchronize with GNSS directly;
2) Priority 2:  
· out-of-coverage UEs synchronize with GNSS directly;
· GNSS-based synchronization: partial-coverage UEs synchronize with GNSS directly;
3) Priority 3:  
· out-of-coverage UEs synchronize with GNSS indirectly;
· GNSS-based synchronization: partial-coverage UEs synchronize with GNSS indirectly;
· eNB-based synchronization: partial-coverage UEs;
· Independent synchronization source.

References
[1]. [bookmark: _Ref427008671][bookmark: _Ref427135890][bookmark: _Ref450556316]Draft Minutes 3GPP TSG RAN WG1 Meeting #84bis, RAN1 Chairman’s Notes V0.3.0;
[2]. [bookmark: _Ref450634073]Draft Minutes 3GPP TSG RAN WG1 Meeting #83, RAN1 Chairman’s Notes V0.3.0;
[3]. [bookmark: _Ref450634086]R1-157764, “WF on Synchronization source Priority”, CATT, LGE, NTT DOCOMO;
[4]. [bookmark: _Ref450634132]RP-152293, “New WI proposal: Support for V2V services based on LTE sidelink”, LG Electronics, Huawei, HiSilicon, CATT, CATR;
[5]. [bookmark: _Ref450634144]R1-162276, “Synchronization enhancements in PC5-based V2V”, CATT, 3GPP RAN1 #84bis;
[6]. [bookmark: _Ref450634218]Draft Minutes 3GPP TSG RAN WG1 Meeting #82bis, RAN1 Chairman’s Notes V0.3.0;
[7]. [bookmark: _Ref450634231]3GPP TR 36.885 V0.4.0 (2015-11) "Study on LTE-based V2X Services";

image2.emf
GNSS-based synchronization

UE 2

UE 1

UE 3

UE 4

UE 5

UE 6


oleObject2.bin

image3.emf
UE 2

UE 4

UE 3

UE 1

eNB-based synchronization

GNSS-based synchronization


oleObject3.bin
eNB-based synchronization


GNSS-based synchronization



image4.emf
UE 2

UE 1

UE 5

UE 8

UE 6

UE 3

eNB-based synchronization

UE 4

UE 7

UE 9

GNSS-based synchronization


oleObject4.bin
UE 6



image5.emf
Priority 1

eNB-based synchronization GNSS-based synchronization

Priority 3

Priority 2

Independent Sync Source

Priority 1

Priority 1

Priority 2

Priority 2

Priority 2

Priority 3

Priority 3

Priority 3

Partial Coverage

Partial Coverage

Priority 3

Priority 3

Priority 3

Priority 3

Priority 3

Priority 3

Priority 3

Priority 3


oleObject5.bin
Priority 1



image1.emf
eNB-based synchronization

UE 4

UE 1

UE 3

UE 2


oleObject1.bin
UE 2



