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1. Introduction

In the study on LTE-based V2X services, several issues on identification of necessary PC5 enhancements for V2V was discussed. One of them is a sidelink synchronization for V2V. For this, priority order of synchronization references in V2V scenarios and enhancement on synchronization mechanism was discussed, and following agreements are captured at the RAN1#83 meeting and RAN1#84-bis meeting [1] [2].
Agreements at the RAN1#83 meeting:

- SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 

▪
UE capability of SLSS transmission will be discussed later.

▪
Rel. 12/13 physical format of SLSS/PSBCH is the starting point.

▫ FFS number and location of PSBCH DM RS

▫ FFS PSSS root index, SLSS ID

▪
Rel. 12/13 sync procedure (e.g., sync reference priority) is the starting point.

▫ FFS PSBCH contents

▫ “GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.”

∙ RAN1 needs to study the impact of this existing agreement on Uu operation.
- The following sync procedure should be supported:

▪
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
- 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: Definition of SLSS_net, SLSS_oon

▪ 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

▪ FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is configured by eNB
▫ FFS: whether the configured SLSS uses the same configuration as Rel-12 D2D SLSS or not
▪ FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is taken from SLSS_net with in coverage indicator 1
▪ FFS: Periodicity of synchronization resource

- FFS: Criteria to select between signals received with the same priority (e.g., up to UE implementation)
Agreements at the RAN1#84-bis meeting:

- 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 this contribution, we will discuss considerations on priority order of synchronization references for V2V based on above agreements and provide our views.

2. Priority order of synchronization references for V2V
In Rel-12/13, following synchronization procedure for PC5 based D2D was specified. 

 - "1": Synchronization signal directly from an eNodeB
▪ Synchronization signal is PSS/SSS, and a root index for PSS is one of value among 25, 29, 34.
- "2": Synchronization signal from an in-coverage UE 

▪ The value of coverage indicator field in PSBCH is 1.

▪ SLSS transmission according to eNodeB timing

▫  PSSID belongs to id_net  and a root index for PSSS is 26.
- "3": Synchronization signal from an out-of-coverage UE 

▪ The value of coverage indicator field in PSBCH is 0.

▪ SLSS transmission according to eNodeB timing

▫  PSSID belongs to id_net  and a root index for PSSS is 26.

- "4": Synchronization signal from an out-of-coverage UE 

▪ The value of coverage indicator field in PSBCH is 0.

▪ SLSS transmission according to UE timing

▫  PSSID belongs to id_oon  and a root index for PSSS is 37.

- "5": In the case that no SyncRef UE is selected

▪ Randomly selection of PSSID using a uniform distribution from id_oon

In PC5 based V2V synchronization, at least above priority order ("1">"2">"3">"4">"5") could be reused as already captured in the agreements at the RAN1#83 meeting. Furthermore, GNSS or GNSS-equivalent related priority should be also considered. Only for GNSS or GNSS-equivalent equivalent related priority, followings could be further considered.
- "A": Synchronization directly from a GNSS or a GNSS-equivalent

- "B": Synchronization signal from an UE which obtains time reference directly from a GNSS or a GNSS-equivalent
▪ SLSS transmission according to GNSS timing

- "C": Synchronization signal from an UE which obtains time reference from an UE which transmits SLSS according to GNSS timing
▪ SLSS transmission according to GNSS timing
The priority order for synchronization in Rel-12/13, i.e., "1">"2">"3">"4">"5", above GNSS or GNSS-equivalent equivalent related priority, i.e., "A">"B">"C" is further considered. 

First of all, "A" could be the highest priority, i.e., the synchronization directly from a GNSS or a GNSS-equivalent has the highest priority. It was already captured in the agreements at the RAN1#82-bis meeting in the case that the UE does not detect any cell in any carrier.
For the priority between "2" and "B", "B" could have higher priority than "2" if hop count is considered. It means that  SLSS transmission in "B" is one hop from GNSS (= GNSS → UE) while SLSS transmission in "2" is two hop from GNSS (= GNSS → eNodeB → UE) in the case that eNodeB was synchronized to GNSS. Otherwise, "B" and "2" could have the same priority if the low frequency offset of eNodeB is applied. Therefore, "B" could have higher priority than "2" if  SLSS transmission in "B" is from out-of-coverage UE, and "B" and "2" could have the same priority if SLSS transmission in "B" is from in-coverage UE. Furthermore, in-coverage case, the priory order between "B" and "2" and the priory order between "C" and "3" can be per carrier cell-specifically configured by the cell on which an UE camps as captured in the agreements at the RAN1#84-bis meeting.
For the priority between "3" and "C" could be similar to the priority between "2" and "B", and similar priority rule could be applied. 

From above, the priority order for synchronization in PC5 based V2V synchronization could be summarized as Table 1.
Table 1: The priority order for synchronization in PC5 based V2V synchronization
	Case
	the priority order for synchronization

	Case #1
	"A" > ("1") > "B" > "2" > "C" > "3" > "4" > ("5")

	Case #2
	"A" > ("1") > "B" = "2" > "C" = "3" > "4" > ("5")


Note: In the out of coverage, "1" is not exist. "5" is applied when no SyncRef UE was selected.
Note: In case #2, the priory order between "B" and "2" and the priory order between "C" and "3" can be per carrier cell-specifically configured by the cell on which an UE camps.
Proposal 1:

The priority order Case #1 or Case #2 in Table 1 could be applied as synchronization procedure  for  sidelink synchronization enhancement in V2V.
The other considerable issue is how to distinguish "B"/"C" from "1"/"2"/"3"/"4"/"5" and between them. One straightforward  way is define additional PSSID(s) without introduction of new synchronization signal sequence, i.e., {336} or {336, 337} other than {0, 1, ..., 167} and {168, 169, ..., 335}. The additional PSSID(s) could be included current set(s) of PSSIDs, i.e.,  id_net and/or id_oon, or newly defined a set of PSSID(s) (e.g. id_GNSS). As the other way, a different mapping rule of synchronization signal sequence without introduction of additional PSSID(s) and new synchronization signal sequence could be used for SLSS transmission with GNSS timing.
Proposal 2:

To distinguish SLSS according to  GNSS or GNSS-equivalent timing from SLSS according to eNodeB timing or UE timing, additional PSSID(s) or sequence mapping rule could be considered.
3. Conclusion

In this contribution, we discussed considerations on enhancement to sidelink synchronization for V2V and provide our views with following our proposal:

Proposal 1:

The priority order Case #1 or Case #2 in Table 1 could be applied as synchronization procedure  for  sidelink synchronization enhancement in V2V.
Proposal 2:

To distinguish SLSS according to  GNSS or GNSS-equivalent timing from SLSS according to eNodeB timing or UE timing, additional PSSID(s) or sequence mapping rule could be considered.
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