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Introduction
[bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK217][bookmark: OLE_LINK218]In RAN1 #86bis meeting, the following agreements were achieved [1]:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]If the vehicle UE has selected the GNSS as syncRef, 
· For the OOC case: 
· The UE transmits SLSS and PSBCH every synchronization period when the SLSS resource is pre-configured and the UE is capable of SLSS/PSBCH transmission;
· FFS whether any SLSS/PSBCH dropping behaviour is specified, e.g., for congestion control.
· For the InC case:
· Rel-12 D2D mechanism is reused, i.e.:
· RSRP threshold or dedicated signaling to determine the SLSS transmission
· When GNSS is the highest priority, the UE is not expected to read SLSS from other UEs.
· UE capability of SLSS transmission/reception will be discussed later.
· Rel-12 mechanism is re-used to determine the subframe used for transmissions of SLSS/PSBCH from out-coverage UEs synchronized to SLSS, i.e., two SLSS resources are pre-configured for an out-coverage UE, one is used for SLSS of UE’s syncRef and the other is used for SLSS transmission of the UE.
· Working assumption: An out-coverage UE directly synchronized to GNSS transmits SLSS/PSBCH on the pre-configured sync resource which is one of the two preconfigured sync resources.
· FFS: Out-coverage UE indirectly synchronized to GNSS
· In the other resource, the UE receives PSBCH potentially transmitted from an in-coverage UE.
· [bookmark: OLE_LINK237][bookmark: OLE_LINK238]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

The detailed priorities of synchronization source, SLSS and PSBCH content have been proposed in [2]. As a companion contribution, we discussed the issues of synchronization subframes.
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GNSS-based synchronization
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK228][bookmark: OLE_LINK229]Based on the analysis in [2], when GNSS is prioritized over eNB by eNB configuration, the global synchronization can be achieved by the following priority rules:
· P1: GNSS
· P2: UE directly synchronized to GNSS
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]P3: UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36]P4: the remaining UEs have the lowest priority.
[bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK166][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK195][bookmark: OLE_LINK196]With the consideration of half-duplex limitation, transmitting and receiving subframe cannot be at the same subframe. Therefore, the SLSS and PSBCH of P2 and P3 cannot be transmitted simultaneously. With GNSS-based synchronization, at least two synchronization subframes have to be allocated in every synchronization period. Because P4 UEs want to detect the higher priority synchronization signal, P4 UEs may randomly choose one of the synchronization subframes to transmit in every synchronization period. The example of synchronization subframes configuration is shown in Table 1:
[bookmark: _Ref465942937][bookmark: OLE_LINK197][bookmark: OLE_LINK198][bookmark: OLE_LINK164][bookmark: OLE_LINK165]Table 1: Example of synchronization subframes configurations for GNSS-based synchronization
	Synchronization priority
	Scenarios
	[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Synchronization subframe

	P1
	GNSS
	None

	P2
	UE directly synchronized to GNSS
	[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Synchronization subframe 1 (SyncOffsetIndicator1)

	P3
	UE indirectly synchronized to GNSS
	Synchronization subframe 2 (SyncOffsetIndicator2)

	P4
	the remaining UEs
	[bookmark: OLE_LINK199][bookmark: OLE_LINK200]Synchronization subframe 1 or Synchronization subframe 2



[bookmark: OLE_LINK225][bookmark: OLE_LINK226][bookmark: OLE_LINK261][bookmark: OLE_LINK3][bookmark: OLE_LINK171][bookmark: OLE_LINK172]Proposal 1: If GNSS is prioritized over eNB, two synchronization subframes shall be configured with a synchronization period. The detailed synchronization subframes configuration can refer to Table 1.

eNB-based synchronization
[bookmark: OLE_LINK179][bookmark: OLE_LINK180][bookmark: OLE_LINK175][bookmark: OLE_LINK176]In the companion contribution [2], the following priority rules is proposed for the in-coverage UEs with eNB-based synchronization: P1: eNB > P2: UE directly synchronized to eNB.
[bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK251][bookmark: OLE_LINK252]Because the proposed priority rules are same as Rel-12 D2D, the legacy synchronization subframes configuration mechanism can be reused, that is eNB can configure in-coverage UEs with one synchronization subframe, and the synchronization subframe is one of the pre-configured synchronization subframes for the out-of-coverage UEs.
[bookmark: OLE_LINK219][bookmark: OLE_LINK220][bookmark: OLE_LINK262][bookmark: OLE_LINK4]Proposal 2: For in coverage UEs, if eNB is prioritized over GNSS, Rel-12 D2D mechanism can be reused, that is only one synchronization subframe is configured by eNB and the synchronization subframe is one of the pre-configured synchronization subframes for the out-of-coverage UEs.

Based on the analysis of [2], the synchronization source priorities of out-of-coverage UEs can be distinguished with the following combination of SLSSIDs and in-coverage indicator of PSBCH in Table 2:
[bookmark: _Ref465947322][bookmark: OLE_LINK191][bookmark: OLE_LINK192]Table 2: Combination of SLSSID and in coverage indicator for out-of-coverage UEs of eNB-based synchronization
	Priority 
	Sync scenarios 
	SLSS ID 
	In Coverage 

	P1
	[bookmark: OLE_LINK161][bookmark: OLE_LINK177]in-coverage UE directly synchronized to eNB;
	SLSS_net;
[bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK245][bookmark: OLE_LINK246]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
	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) 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



Because the working assumption is agreed in RAN1#86bis as follows [1]:
[bookmark: OLE_LINK183][bookmark: OLE_LINK184][bookmark: OLE_LINK189][bookmark: OLE_LINK190]Working assumption: An out-coverage UE directly synchronized to GNSS transmits SLSS/PSBCH on the pre-configured sync resource which is one of the two preconfigured sync resources.
· FFS: Out-coverage UE indirectly synchronized to GNSS
· In the other resource, the UE receives PSBCH potentially transmitted from an in-coverage UE.
Therefore, the transmitting subframes have to be different for the following two kinds of UEs:
· [bookmark: OLE_LINK187][bookmark: OLE_LINK188]UE receives PSBCH potentially transmitted from an in-coverage UE; 
· Out-coverage UE directly synchronized to GNSS transmits SLSS/PSBCH on the pre-configured sync resource which is one of the two preconfigured sync resources
With the consideration of half-duplex limitation, the transmitting subframes of the following two kinds of UEs also have to be different:
· UE receives PSBCH potentially transmitted from an in-coverage UE;
· [bookmark: OLE_LINK178][bookmark: OLE_LINK181]in-coverage UE directly synchronized to eNB;
Based on the above limitation, if the pre-configured synchronization subframes are limited to two subframes, in-coverage UE (P1) and out-coverage UE (P4) directly synchronizing to GNSS have to transmit SLSS/PSBCH in the same subframe. Then the transmitting SLSS and PSBCH of P1 and P4 will interfere with each other. 
[bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK193][bookmark: OLE_LINK194][bookmark: OLE_LINK182][bookmark: OLE_LINK227]Though in coverage indicator of PSBCH is same for P1 and P4 as TRUE, the other IEs such as SFN/SFN subframe may be different. For the receiving UEs, the SLSS and PSBCH of P1 and P4 cannot be received reliably. If the performance degradation can be accepted and the pre-configured synchronization subframes cannot be added to three subframes, different priorities UEs may transmit the SLSS and PSBCH in the same synchronization subframe.
The example of potential synchronization subframes configuration is shown in Table 3:
[bookmark: _Ref465947400]Table 3: Example of synchronization subframes configurations for out-of-coverage UEs with eNB-based synchronization

	Priority 
	Sync scenarios 
	SLSS ID 
	In Coverage 
	Synchronization
Subframe

	P1
	in-coverage UE directly synchronized to eNB;
	SLSS_net;
SLSSID belongs to [1, 167]
	TRUE
	[bookmark: OLE_LINK201][bookmark: OLE_LINK202]Synchronization subframe 1; 
configured by eNB

	P2
	out-of-coverage UE indirectly synchronized to eNB
	SLSS_net;
SLSSID belongs to [1, 167]; 
same as SyncRef UE
	FALSE
	[bookmark: OLE_LINK203][bookmark: OLE_LINK204]Synchronization subframe 2;
[bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK213][bookmark: OLE_LINK214]different from SyncRef P1 UE

	P3
	GNSS
	None
	None
	None

	P4
	out-of-coverage UE directly synchronized to GNSS
	SLSS_net;
[bookmark: OLE_LINK255][bookmark: OLE_LINK256]SLSSID=0
	TRUE
	Synchronization subframe 1

	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
	Synchronization subframe 2,
different from SyncRef P4 UE

	P6
	Remaining out-of-coverage UEs have the lowest priority.
	SLSS_oon;
1) SyncRef UE is P5, SLSSID=168;
2) SyncRef UE is P2, SLSSID of SyncRef UE plus 168;
3) [bookmark: OLE_LINK207][bookmark: OLE_LINK208]SyncRef UE is P6, same as SyncRef UE
4) no SyncRef UE selected, randomly select one SLSSID from [168, 335]
	FALSE
	Synchronization subframe 1 or 2, different from SyncRef UE



[bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK263][bookmark: OLE_LINK264]If one additional synchronization subframe can be accepted to be added to the two pre-configured synchronization subframes, P1 and P2 and P4 UEs are allocated to three different synchronization subframes to guarantee the receiving reliability. The configuration of three pre-configured synchronization subframes is slightly preferred.
[bookmark: OLE_LINK257][bookmark: OLE_LINK258][bookmark: OLE_LINK209][bookmark: OLE_LINK210]Because P5 and P6 UEs are far away enough from the network coverage, the interference from P5 and P6 UEs have little impact on the SLSS and PSBCH receiving performance of P1 and P2. Thus, P5 UEs can randomly choose one of the other subframes to transmit the SLSS and PSBCH different from the transmitting subframe of P4 UEs. And P5 UEs can receive the other subframes to detect the synchronization signals from higher priorities. Meanwhile, P6 UEs also can randomly choose one of the other subframes different from the transmitting subframe of SyncRef UE. The example of synchronization subframes configuration is shown in Table 4:
[bookmark: _Ref465947414]Table 4: Example of synchronization subframes configurations for out-of-coverage UEs with eNB-based synchronization

	[bookmark: OLE_LINK211][bookmark: OLE_LINK212]Priority 
	Sync scenarios 
	SLSS ID 
	In Coverage 
	Synchronization
Subframe

	P1
	in-coverage UE directly synchronized to eNB;
	SLSS_net;
SLSSID belongs to [1, 167]
	TRUE
	Synchronization subframe 1; 
configured by eNB

	P2
	out-of-coverage UE indirectly synchronized to eNB
	SLSS_net;
SLSSID belongs to [1, 167]; same as SyncRef UE
	FALSE
	Synchronization subframe 2;
different from SyncRef P1 UE

	P3
	GNSS
	None
	None
	None

	P4
	out-of-coverage UE directly synchronized to GNSS
	SLSS_net;
[bookmark: OLE_LINK259][bookmark: OLE_LINK260]SLSSID=0
	TRUE
	Synchronization subframe 3

	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
	Synchronization subframe 1 or 2;
different from SyncRef P4 UE

	P6
	Remaining out-of-coverage UEs have the lowest priority.
	SLSS_oon;
1) SyncRef UE is P5, SLSSID=168;
2) 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
	Synchronization subframe 1, 2 or 3; different from SyncRef UE


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]
[bookmark: OLE_LINK223][bookmark: OLE_LINK224]Proposal 3: 
· [bookmark: OLE_LINK221][bookmark: OLE_LINK222]For out-of-coverage UEs with eNB-based synchronization, if two pre-configured synchronization subframes are configured, the synchronization subframes configurations of Table 3 can be utilized with lower reliability. 
· If one additional synchronization subframe can be acceptable to be added to the two pre-configured synchronization subframes, the synchronization subframes configurations of Table 4 can be utilized with higher reliability. 
· The configuration of three pre-configured synchronization subframes is slightly preferred.
2.2. Transmission of synchronization subframes
[bookmark: OLE_LINK243][bookmark: OLE_LINK244][bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK241][bookmark: OLE_LINK242]Based on the agreements in RAN1 #86bis, when out-of-coverage UE has selected the GNSS as SyncRef, if UE is capable of SLSS/PSBCH transmission, UE will transmit SLSS and PSBCH every synchronization period in one of the pre-configured SLSS resources. 
For congestion control scenarios of OOC case, if SLSS and PSBCH are dropped according to the congestion level, the synchronization subframes are still occupied by the SLSS and PSBCH transmission, the congestion will not be alleviated by the SLSS and PSBCH dropping behavior. Meanwhile, with the reduced transmission of SLSS and PSBCH, the accuracy and reliability of synchronization may be degraded to have impact on the performance of communications.
[bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK249][bookmark: OLE_LINK250][bookmark: OLE_LINK267][bookmark: OLE_LINK268]Therefore, when out-of-coverage UE has selected the GNSS as SyncRef and UE is capable of SLSS and PSBCH transmission with pre-configured SLSS resources, any dropping behavior of SLSS and PSBCH transmission should not be supported.
[bookmark: OLE_LINK284][bookmark: OLE_LINK285][bookmark: OLE_LINK9]Proposal 4: When out-of-coverage UE has selected the GNSS as SyncRef and UE is capable of SLSS and PSBCH transmission through pre-configured SLSS resources, any dropping behavior of SLSS and PSBCH transmission should not be supported.
When out-of-coverage UE has selected the GNSS as SyncRef and UE is capable of SLSS and PSBCH transmission with configured SLSS resources by eNB, UE will not always transmit SLSS and PSBCH every synchronization period. 


[bookmark: _Ref465962869]Figure 1 Example of in-coverage UE directly synchronize with GNSS
[bookmark: OLE_LINK271][bookmark: OLE_LINK272][bookmark: OLE_LINK279][bookmark: OLE_LINK273][bookmark: OLE_LINK274][bookmark: OLE_LINK277][bookmark: OLE_LINK278]As shown in Figure 1, if UE 12 can directly synchronize with GNSS, the neighboring UEs are UE 1 and UE 5.  UE 1 and UE 5 can also directly synchronize with GNSS. The transmission of SLSS and PSBCH of UE 12 is useless to improve the accuracy of synchronization of neighboring UEs. UE can report location information to eNB and the synchronization priority can also reported to eNB, then eNB can determine the transmission SLSS and PSBCH of the in-coverage UE directly synchronizing with GNSS. 
[bookmark: OLE_LINK286][bookmark: OLE_LINK287][bookmark: OLE_LINK10]Proposal 5: With dedicated signaling of location and synchronization priority information, eNB can determine the transmission SLSS and PSBCH of the in-coverage UE which is directly synchronized with GNSS.

[bookmark: OLE_LINK282][bookmark: OLE_LINK283][bookmark: OLE_LINK280][bookmark: OLE_LINK281]Reusing Rel-12 D2D out-of-coverage synchronization mechanism, if S-RSRP measurement result of the selected SyncRef UE is below a S-RSRP threshold or a UE has not selected any SyncRef UE. the UE can transmit SLSS and PSBCH.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 6: Reusing Rel-12 D2D out-of-coverage synchronization mechanism, if S-RSRP measurement result of the selected SyncRef UE is below the S-RSRP threshold or a UE has not selected any SyncRef UE, the UE can transmit SLSS and PSBCH.

1. 
2. 
1.1. 
Conclusion
In this contribution, the synchronization mechanism was discussed. Particularly, we have following proposals:
Proposal 1: If GNSS is prioritized over eNB, two synchronization subframes shall be configured with a synchronization period. The detailed synchronization subframes configuration can refer to Table 1.

Proposal 2: For in coverage UEs, if eNB is prioritized over GNSS, Rel-12 D2D mechanism can be reused, that is only one synchronization subframe is configured by eNB and the synchronization subframe is one of the pre-configured synchronization subframes for the out-of-coverage UEs.

Proposal 3: 
· For out-of-coverage UEs with eNB-based synchronization, if two pre-configured synchronization subframes are configured, the synchronization subframes configurations of Table 3 can be utilized with lower reliability. 
· If one additional synchronization subframe can be acceptable to be added to the two pre-configured synchronization subframes, the synchronization subframes configurations of Table 4 can be utilized with higher reliability. 
· The configuration of three pre-configured synchronization subframes is slightly preferred.

Proposal 4: When out-of-coverage UE has selected the GNSS as SyncRef and UE is capable of SLSS and PSBCH transmission through pre-configured SLSS resources, any dropping behavior of SLSS and PSBCH transmission should not be supported.

Proposal 5: With dedicated signaling of location and synchronization priority information, eNB can determine the transmission SLSS and PSBCH of the in-coverage UE which is directly synchronized with GNSS.

Proposal 6: Reusing Rel-12 D2D out-of-coverage synchronization mechanism, if S-RSRP measurement result of the selected SyncRef UE is below a S-RSRP threshold or a UE has not selected any SyncRef UE, the UE can transmit SLSS and PSBCH.

References
[1]. [bookmark: _Ref427008671][bookmark: _Ref427135890][bookmark: _Ref458085093][bookmark: _Ref462214137][bookmark: _Ref450556316]Draft Minutes 3GPP TSG RAN WG1 Meeting #86bis, RAN1 Chairman’s Notes;
[2]. [bookmark: _Ref465935375][bookmark: _Ref458092913][bookmark: _Ref450634218]R1-1611339, “Synchronization enhancements in PC5-based V2V”, CATT, RAN1 #87;
[bookmark: _Ref458089013]

image1.emf
GNSS-based synchronization

UE 1

UE 7

UE 6

UE 2

UE 3

UE 4

UE 8

UE 9 UE 10

UE 11

UE 12

UE 5


oleObject1.bin

