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1. Introduction
In RAN1#86bis, support of SLSS relay was discussed and some issue related to WAN protection and collision of different PSBCH contents have been raised. As potential issue is caused by the new synchronization source of GNSS, support of SLSS relay based on GNSS timing was kept to FFS. In this contribution, we provide our views on the support of SLSS relay for V2X.
	Agreements:
· 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.

· 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


2. Discussion

For V2X operation, GNSS based synchronization is newly introduced to ensure common synchronization among UEs. On the other hand, there are some situation where GNSS is unavailable, e.g., tunnel or underground. Even though geolocation cannot obtained by GNSS, vehicle can interpolate its geolocation based on local sensors, e.g., gyroscope, acceleration sensor and speed sensor. Therefore exchange of CAM/BSM based on SLSS based synchronization reference is still beneficial. 
During the RAN1#86bis meeting, there was a proposal not to transmit SLSS if the UE selected SLSS ID=0 as its sync reference. If the SLSS relay is limited for GNSS based synchronization, this may shrink the synchronization range and potentially increase the independent synchronization cluster which may degrade the V2X performance. Therefore we prefer not to limit the SLSS relay for V2X operation unless critical issue is inevitable without the limitation of SLSS relay. 
Observation 1: Vehicle UE can estimate its geolocation based on local sensors even out of GNSS coverage. SLSS based synchronization is beneficial to enable CAM/BSM message exchange for out of GNSS coverage.
Proposal 1: SLSS relay is supported for GNSS based synchronization reference unless critical issue inevitable without the limitation of SLSS relay.
Before going to discuss the potential issue of SLSS relay, let’s consider a baseline mapping of SLSS ID and PSBCH contents for the SLSSS relay first. Since same synchronization priority is set to UE directly synchronized to GNSS and UE directly synchronized to eNB, it is straightforward to have the same mapping of SLSS ID and in-coverage indicator for the two UE types. Same can be said to UE indirectly synchronized to GNSS UE indirectly synchronized to eNB although there are some discussion on whether to differentiate between direct and indirect synchronization to GNSS or not. In the following we discuss the feasibility of SLSS ID and in-coverage indicator shown in Table I which is designed to reuse Rel-12 mechanism as much as possible. In the mapping, there is single mapping of SLSS and in-coverage indicator for the UE directly synchronized to GNSS regardless its eNB coverage state. 
Table I: Mapping of SLSS ID and in-coverage indicator
	Priority
	Synchronization reference
	SLSS and PSBCH for transmission

	
	Type of sync reference
	SLSS ID
	In coverage 
indicator
	SLSS ID
	In coverage 
indicator

	1 or 2
	GNSS
	N/A
	N/A
	0
	True

	2 or 1
	UE directly sync to eNB
	SLSSID in SLSS_net
	True
	Same SLSS ID
	False

	2 or 1
	UE directly sync to GNSS
	0
	True
	0
	False

	3
	Out of coverage UE indirectly sync to UE with eNB/GNSS timing (1st hop)
	SLSSID in SLSS_net
	False
	Plus 168
	False

	4
	Out of coverage UE indirectly UE with eNB/GNSS timing (2nd hop)
	SLSSID in SLSS_oon
	False
	Same SLSSID
	False

	4
	No sync reference UE selected
	N/A
	N/A
	SLSSID in SLSS_oon
	False 


On the other hand, the subframe offset of SLSS transmission can be differentiated between in-coverage UE directly synchronize to GNSS and out of coverage UE directly synchronize to GNSS using one of two pre-configured synchronization offset indicator for out of coverage UEs. We note that even in coverage, it is assumed that SLSS offset indicator is same as one of pre-configured SLSS offset in Rel-12 D2D specification. The SLSS resource mapping may affect to support of WAN protection and collision of PSBCH. It was agreed that out of coverage UE directly synchronized to GNSS can receive PSBCH from in-coverage UE so that PSBCH contents is aligned to in-coverage UEs. In the following discussion, we discuss these potential issues using an example of SLSS relay shown in Figure 1. 
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Figure 1: Example of SLSS relay
Case 1: Sync offset is same between in-coverage UE and out of coverage UE directly synchronized to GNSS
If sync offset is same between in-coverage UE and out of coverage UE directly synchronized to GNSS, out of coverage UE#3 directly synchronized to GNSS may not be able to monitor PSBCH transmitted by in-coverage UE#1 and #2. Resulting SLSS transmission resource and PSBCH contents is shown in Table II. Synchronization should be aligned between SLSS transmitted by in-coverage UEs based on eNB and GNSS if WAN protection based on PSBCH monitoring is expected. Therefore relayed PSBCH will be based on pre-configured contents for UE#3, 6, 9. There could be different PSBCH contents transmitted in the same subframe, e.g., in subframe offset#1 by UE#1 and UE#3. One is eNB controlled PSBCH and the other one is pre-configured PSBCH contents. 
If pre-configured PSBCH contents are aligned with eNB controlled PSBCH contents, there is no issue with this configuration. As several pre-configured parameters needs to be aligned to SIB indicated parameters in practice, such OAM based solution would be feasible. 
If pre-configured PSBCH contents are not aligned with eNB controlled PSBCH contents, collision of PSBCH with different contents can be a problem. This potentially leads PSBCH decoding error and interference to WAN. Prioritizing UE directly sync to eNB or GNSS over direct GNSS in synchronization reference selection for out of coverage UE will highly reduce the potential drawback for the case. In partial eNB coverage, UE#3, #6 and #8 may be appeared with rare probability because most of synchronization reference will be provided by in coverage UEs. SLSS by out of coverage UE directly synchronized to GNSS will be transmitted when the UE is isolated from SLSS relay from in-coverage.
Therefore, we observe:
Observation 2: For the case where sync offset is same between in-coverage UE and out of coverage UE directly synchronized to GNSS, following two operations are beneficial to avoid potential drawback due to miss alignment of PSBCH contents.
· Option 1: Pre-configured PSBCH contents and eNB controlled PSBCH contents are aligned by OAM

· Option 2: Prioritizing UE directly sync to eNB or GNSS over direct GNSS in synchronization reference selection for out of coverage UE
Table II: SLSS and PSBCH transmission for the case where sync offset is same 
between in-coverage UE and out of coverage UE directly synchronized to GNSS
	UE#
	InC or OoC
	Sync source
	Tx SLSS ID
	Tx SLSS resource
	Tx PSBCH contents

	1
	InC
	GNSS
	0
	Offset#1
	Set by eNB, InC=1

	2
	InC
	eNB
	X
	Offset#1'
	Set by eNB, InC=1

	3
	OoC
	GNSS
	0
	Offset#1
	Pre-configuration, InC=1

	4
	OoC
	GNSS (UE#1)
	0
	Offset#2
	Set by eNB, InC=0

	5
	OoC
	eNB (UE#2)
	X
	Offset#2'
	Set by eNB, InC=0

	6
	OoC
	GNSS (UE#3)
	168
	Offset#2
	Pre-configuration, InC=0

	7
	OoC
	GNSS (UE#4)
	168
	Offset#1
	Set by eNB, InC=0

	8
	OoC
	eNB (UE#5)
	X+168
	Offset#1'
	Set by eNB, InC=0

	9
	OoC
	GNSS (UE#6)
	168
	Offset#1
	Pre-configuration, InC=0


Case 2: Sync offset is different between in-coverage UE and out of coverage UE directly synchronized to GNSS
Another case is when sync offset is different between in-coverage UE and out of coverage UE directly synchronized to GNSS. Out of coverage UE#3 directly synchronized to GNSS is able to monitor PSBCH transmitted by in-coverage UE#1 in this case. However, out of coverage directly and indirectly synchronized to GNSS may transmit SLSS and PSBCH in the same subframe. If we assume that in-coverage indicator is differentiated among the two PSBCH transmissions as shown in Table I, PSBCH collision incurred. If same in coverage indicator is mapped to UE directly/indirectly synchronized to GNSS, then synchronization priority order for out of coverage will be modified to the following:
· P1: GNSS

· P2: the following UE has the same priority:

· UE directly synchronized to GNSS

· UE indirectly synchronized to GNSS

· UE directly synchronized to eNB 

· P3: the following UE has the same priority:

· UE indirectly synchronized to eNB
· P4: the remaining UEs have the lowest priority.
Although synchronization accuracy of SLSS based on GNSS will be degraded due to the mix of different hopping count, synchronization relay will be workable. Therefore, we observe: 
Observation 3: For the case where sync offset is different between in-coverage UE and out of coverage UE directly synchronized to GNSS, same in coverage indicator should be mapped to UE directly/indirectly synchronized to GNSS to avoid PSBCH collision.
Table III: SLSS and PSBCH transmission for the case where sync offset is different 
between in-coverage UE and out of coverage UE directly synchronized to GNSS (blue part is not aligned to Table I)
	UE#
	InC or OoC
	Sync source
	Tx SLSS ID
	Tx SLSS resource
	Tx PSBCH contents

	1
	InC
	GNSS
	0
	Offset#1
	Set by eNB, InC=1

	2
	InC
	eNB
	X
	Offset#1'
	Set by eNB, , InC=1

	3
	OoC
	GNSS
	0
	Offset#2
	Set by eNB if UE#3 can receive 
PSBCH from UE#1, InC=0

	4
	OoC
	GNSS (UE#1)
	0
	Offset#2
	Set by eNB, InC=0

	5
	OoC
	eNB (UE#2)
	X
	Offset#2'
	Set by eNB, InC=0

	6
	OoC
	GNSS (UE#3)
	168
	Offset#1
	Set by eNB if UE#3 can receive
 PSBCH from UE#1, InC=0

	7
	OoC
	GNSS (UE#4)
	168
	Offset#1
	Set by eNB1, InC=0

	8
	OoC
	eNB (UE#5)
	X+168
	Offset#1'
	Set by eNB, InC=0

	9
	OoC
	GNSS (UE#6)
	168
	Offset#2
	Set by eNB if UE#3 can receive 
PSBCH from UE#1, InC=0


In summary, both of the two cases discussed above will be workable with some pros/cons. We propose to specify either of the two options for V2X synchronization:

Proposal 2: Either of the following two options is supported for SLSS based synchronization for V2X

· Option 1: RAN1 assumes sync offset is same between in-coverage UE and out of coverage UE directly synchronized to GNSS
· Mapping of SLSS ID and in-coverage indicator in Table I is specified.
· Following priority rule is specified
· P1: GNSS

· P2: the following UE has the same priority:

· UE directly synchronized to GNSS

· UE directly synchronized to eNB 

· P3: the following UE has the same priority:

· UE indirectly synchronized to GNSS

· UE indirectly synchronized to eNB
· P4: the remaining UEs have the lowest priority.
· Option 2: RAN1 assumes sync offset is different between in-coverage UE and out of coverage UE directly synchronized to GNSS
· Mapping of SLSS ID and in-coverage indicator in Table I is specified with modification that same in coverage indicator of zero is mapped to out of coverage UE directly/indirectly synchronized to GNSS.
· If out of coverage UE directly synchronized to GNSS detects SLSS ID =0 with in-coverage indicator set to true, the UE will transmits PSBCH aligned with detected PSBCH for the SLSS.
· Following priority rule is specified
· P1: GNSS

· P2: the following UE has the same priority:

· UE directly synchronized to GNSS

· UE indirectly synchronized to GNSS

· UE directly synchronized to eNB 

· P3: the following UE has the same priority:

· UE indirectly synchronized to eNB
· P4: the remaining UEs have the lowest priority.
3. Conclusion
In this contribution, we discuss the remaining issue of SLSS based synchronization for V2X operation. Observations and proposals are listed below.
· Observation 1: Vehicle UE can estimate its geolocation based on local sensors even out of GNSS coverage. SLSS based synchronization is beneficial to enable CAM/BSM message exchange for out of GNSS coverage.
· Observation 2: For the case where sync offset is same between in-coverage UE and out of coverage UE directly synchronized to GNSS, following two operations are beneficial to avoid potential drawback due to miss alignment of PSBCH contents.
· Observation 3: For the case where sync offset is different between in-coverage UE and out of coverage UE directly synchronized to GNSS, same in coverage indicator should be mapped to UE directly/indirectly synchronized to GNSS to avoid PSBCH collision.
· Proposal 1: SLSS relay is supported for GNSS based synchronization reference unless critical issue inevitable without the limitation of SLSS relay.
· Proposal 2: Either of the following two options is supported for SLSS based synchronization for V2X
· Option 1: RAN1 assumes sync offset is same between in-coverage UE and out of coverage UE directly synchronized to GNSS
· Mapping of SLSS ID and in-coverage indicator in Table I is specified.
· Following priority rule is specified
· P1: GNSS

· P2: the following UE has the same priority:

· UE directly synchronized to GNSS

· UE directly synchronized to eNB 

· P3: the following UE has the same priority:

· UE indirectly synchronized to GNSS

· UE indirectly synchronized to eNB
· P4: the remaining UEs have the lowest priority.
· Option 2: RAN1 assumes sync offset is different between in-coverage UE and out of coverage UE directly synchronized to GNSS
· Mapping of SLSS ID and in-coverage indicator in Table I is specified with modification that same in coverage indicator of zero is mapped to out of coverage UE directly/indirectly synchronized to GNSS.
· If out of coverage UE directly synchronized to GNSS detects SLSS ID =0 with in-coverage indicator set to true, the UE will transmits PSBCH aligned with detected PSBCH for the SLSS.
· Following priority rule is specified
· P1: GNSS

· P2: the following UE has the same priority:

· UE directly synchronized to GNSS

· UE indirectly synchronized to GNSS

· UE directly synchronized to eNB 

· P3: the following UE has the same priority:

· UE indirectly synchronized to eNB
· P4: the remaining UEs have the lowest priority.
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