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1 Introduction

In this contribution, we discuss remaining details of sidelink synchronization procedure for V2V communication. In particular, we analyze the outcome of RAN1#87 email discussions and address remaining open questions:

	When two resources are included, the following behaviour is used:

· The same sync resource is used for UEs directly synchronized with GNSS.
· UE directly synchronized to GNSS is not required to monitor PSBCH in the other resource if GNSS is at the highest priority.
· A UE that selecting SLSS ID = 0 with in-coverage indicator = 1 as its sync reference transmits SLSS = 0 with in-coverage indicator = 0.

· In-coverage indicator is used to differentiate direct GNSS and in-direct GNSS

· UE directly and indirectly synchronized to GNSS set in-coverage indicator to 1 and 0 respectively.

· SLSS ID 168 is used to differentiate 1 hop sync. or more hops for GNSS based synchronization

· FFS SLSS ID selection of “standalone UE”

Note: The sync resource for the in-coverage is one of the resource chosen from the out-of-coverage resources as D2D. 
When three resources are included, the following behaviour is used:
· For UE InC following eNB timing:
· Resource 1: PSBCH and SLSSID from NW, InC bit = 1.
· For UE InC following GNSS timing:
· Resource 1: PSBCH from NW, SLSSID=0, InC bit = 1.
· For UE OoC sync to UE InC:
· Resource 2: PSBCH (except DFN) and SLSSID from Sync Ref, InC bit = 0.
· For UE OoC sync to UE in partial coverage (i.e., with SLSSID from net and InC=0):
· Resource 1: PSBCH (except DFN) from Sync Ref, SLSSID from Sync Ref + 168, InC bit = 0.
· For UE OoC sync to UE OoC, distinguish 2 cases:
· If sync Ref UE is directly sync to GNSS (i.e., transmitting on resource 3).
· Resource 2: PSBCH (except DFN) from Sync Ref, InC bit = 0. FFS SLSS ID.

· Other cases:

· Use resource 1 or 2 (different from Sync Ref) with PBSCH (except DFN) and SLSSID from Sync Ref and InC bit = 0.

· For UE isolated without GNSS:
· Resource 1 or 2, randomly: PSBCH from preconfiguration, InC bit = 0. FFS SLSSID selection
· For UE OoC sync to GNSS:
· Resource 3: PSBCH from preconfiguration, SLSSID = 0, InC bit = 0.
· FFS behavior if UE reads PSBCH from another UE.


Our views on other V2V communication aspects are provided in our companion contributions [1]-[8].
2 Two Synchronization Resources
Synchronization behavior for V2V communication in case when two synchronization resources are configured is illustrated in Figure 1.
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Two Synchronization Resources Resource 1?; 

PSBCH from pre-configuration & SLSS ID = 0; InC = 1;
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PSBCH from Sync Reference (except InC = 0) & SLSS ID = 0; 

Resource 1; 

PSBCH & SLSS ID from NW; InC = 1;

Resource 2; 

PSBCH(except DFN) & SLSS ID from Sync Ref (NW); InC = 0;

Resource 1; 

PSBCH (except DFN) & SLSS ID from Sync Ref + 168; InC = 0;

Resource 1 or 2 randomly; 

PSBCH from pre-configuration; SLSS ID = FFS; InC = 0;

Resource 1 or 2 (differ. from Sync Ref) 

PSBCH (except DFN) & SLSSID from Sync Ref; InC = 0

Resource 2?; 

PSBCH from Sync Ref(except InC = 0); & SLSS ID = 0;

Resource 1?; 

PSBCH from Sync Ref(except InC = 0); & SLSS ID = 168;


Figure 1: UE synchronization behaviour in case of two synchronization resources.
In our understanding, the following open issues are still need to be resolved for the case when two synchronization resources are configured:

Issue #1 – Synchronization resource selection by InC or OoC UE directly synchronized to GNSS
It was agreed that the same synchronization resource is used by UEs directly synchronized with GNSS, which implies no differentiation between InC and OoC UEs having GNSS as a reference. It needs to be discussed which synchronization resource should be used by UEs deriving timing from GNSS. Assuming that UEs propagating timing from eNB use synchronization resource # 1, it may be reasonable to assume that UEs deriving timing from GNSS use synchronization resource #2. In addition, it needs to be further discussed whether InC UE deriving timing from GNSS propagates PSBCH content from eNB or based on pre-configuration uses for out of coverage UEs.

Issue # 2 – SLSS ID selection by OoC UE (“standalone” UE)
In case when two synchronization resources are configured, standalone OoC UE can follow the similar procedure for the SLSS ID selection as defined by Rel.12 SL synchronization procedure with the exception that SLSS ID = 168 is reserved to differentiate multi-hop timing propagation from GNSS. Therefore standalone UE can use SLSD ID from the following set {169, …, 335}.
Proposal 1
· In case when two synchronization resources are configured,
· Standalone OoC UE randomly selects SLSS ID from the set {169, …, 335}.

· Further discuss how to determine synchronization resource used by UEs synchronized to GNSS.

3 Three Synchronization Resources

Synchronization behavior for V2V communication in case when three synchronization resources are configured is illustrated in Figure 2. In our understanding, the following opens still need to be resolved for the case when three synchronization resources are configured:
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Figure 2: UE synchronization behaviour in case of three synchronization resources.
Issue # 1 – SLSS ID selection by OoC UE directly synchronized to OoC UE that used GNSS as a reference
For OoC UE synchronized to another OoC UE, which derives timing directly from GNSS, the synchronization resource 2 is used. Therefore it is desirable to avoid transmission with the same SLSS ID, but different PSBCH content on the 2nd SLSS resource. Assuming that SLSS ID 0 is reserved to propagate timing from GNSS and is not used by network, then SLSS ID = 168 becomes also available. Therefore this SLSS ID can be used by OoC UE synchronized to another OoC UE, which directly propagates timing from GNSS.
Issue # 2 – SLSS ID selection by OoC UE without GNSS timing (“standalone” UE)
For OoC UE without GNSS, the resource 1 or 2 can be  randomly selected and the PSBCH content is taken from preconfiguration with incoverage bit InC = 0. The details of SLSSID selection are FFS. In general, given that standalone UE is an independent synchronization source the probability to collide in time using the same SLSS ID with other sources having different PSBCH content is rather low. However in order to further reduce it when transmitting on the 1st or 2nd resource the SLSSIDs in range {0, …, 167} should not be used by standalone UEs. Instead standalone UE, may select SLSSID from the set {169, …, 335}.
Proposal 2
· In case when three synchronization resources are configured,

· SLSS ID = 168 is used by OoC UE that uses as a synchronization reference OoC UE directly synchronized to GNSS.

· SLSS ID set {169, …, 335} is used by standalone UE.

4 Clarification on Priority for Sync Reference Selection

In another RAN1 e-mail discussion, the priority rules for synchronization source selection were agreed as provided in table below:
	If the UE detects no eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, when the (pre)configuration information indicates that eNB timing has higher priority than GNSS, the following priority rules should be applied:

· P1’: UE directly synchronized to eNB
· P2’: UE indirectly synchronized to eNB (i.e., UE whose SyncRef is another UE directly synchronized to eNB)
· P3’: GNSS
· P4’: UE directly synchronized to GNSS
· P5’: UE indirectly synchronized to GNSS (i.e., UE whose SyncRef is another UE directly synchronized to GNSS) 

· P4’ and P5’ are differentiated at least when two sync resources are (pre)configured. FFS in [87-18] whether P4’ and P5’ are differentiated when three sync resources are (pre)configured. 
· P6’: The remaining UEs have the lowest priority

Note that when the (pre)configuration information indicates that GNSS has higher priority than eNB timing, the following agreements are kept
· 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 (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)

· UE indirectly synchronized to eNB

· P4: the remaining UEs have the lowest priority.


In case when GNSS is prioritized as a synchronization reference, the priority of synchronization source selection for in-coverage UEs need to be clarified. Following the existing agreements, two options seems possible:

Option 1

· GNSS > eNB > UEGNSS = UEeNB > UEUE-GNSS = UEUE-eNB
Option 2

· GNSS > UEGNSS = UEeNB > UEUE-GNSS = UEUE-eNB > eNB
Proposal 3
· RAN1 WG to discuss priority of synchronization source selection by in-coverage UEs, when GNSS is configured to have higher priority than eNB timing.
5 Conclusions
In this contribution, we provided our views on the remaining details of V2V synchronization procedure. Based on the discussion and presented analysis, we have following proposals:
Proposal 1
· In case when two synchronization resources are configured,

· Standalone OoC UE randomly selects SLSS ID from the set {169, …, 335}.

· Further discuss how to determine synchronization resource used by UEs synchronized to GNSS.

Proposal 2
· In case when three synchronization resources are configured,

· SLSS ID = 168 is used by OoC UE that uses as a synchronization reference OoC UE directly synchronized to GNSS.

· SLSS ID set {169, …, 335} is used by standalone UE.

Proposal 3
· RAN1 WG to discuss priority of synchronization source selection by in-coverage UEs, when GNSS is configured to have higher priority than eNB timing.
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