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1 Introduction

In this contribution, we discuss remaining issues of sidelink synchronization procedure for LTE-V2V communication [1]. In particular we analyze the issues related to seamless V2V communication for in-coverage and out of coverage scenario in case when GNSS is configured as the highest priority synchronization source, discuss correction to the agrees synchronization source priority rules and propose to introduce signaling of GNSS and Uu timing offset for the case of dedicated V2V carrier. The discussion is based on the agreements made at the RAN1#86bis meeting provided below:

Agreements
	RAN1#86bis
· 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.

· 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

Synchronization source priority rules for out of coverage UEs

· If the UE detects no eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, the following priority rules should be applied: 

· 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.

· The priority order between P1 and P2 can be (pre-)configured.
· Note: It is RAN1 understanding that P1 will be prioritized over P2 if the eNB prioritizes GNSS over eNB timing. 
Synchronization source priority rules for InC UEs
· If the UE detects an eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, 
· If GNSS is prioritized over eNB by eNB configuration, UE directly or indirectly synchronized to GNSS has a higher priority than eNB.


Our views on other V2V communication aspects are provided in our companion contributions [2]-[11].
2 Possible Deployment Scenarios

In this section, we first analyze potential deployment scenarios in terms of UE primary synchronization reference. The identified V2V synchronization scenarios are listed in Table 1.

Table 1: Analysis of possible scenario for V2V synchronization procedure
	Scenario
	NW Type
	UE Primary Sync Reference
	Shared UL/V2V carrier
(Scenario A)
	Dedicated V2V Carrier
(Scenario B)

	Scenario 1 A, B:
	Synchronous
	Instructed to prioritize GNSS
	Practical / offset needed to align to eNB timing
	Practical (based on GNSS Tref)

	Scenario 2 A, B:
	Synchronous
	Instructed to prioritize eNB
	Practical
	Practical / offset needed to align to GNSS Tref

	Scenario 3 A, B:
	Asynchronous
	Instructed to prioritize GNSS
	Non practical (eNB does not know GNSS offset)
	Practical (based on GNSS Tref)

	Scenario 4 A, B:
	Asynchronous
	Instructed to prioritize eNB
	Practical
	Non practical (unaligned between cells and w/GNSS)


Based on the analysis of Table 1 the following observations can be made:

Observation 1
· Scenario 3A where asynchronous network instructs UE to prioritize GNSS as a sync reference on shared carrier is non-practical since eNB does not follow GNSS timing. 

· Scenario 4B where asynchronous network instructs UE to prioritize eNB as a sync reference on dedicated carrier is non-practical since timing between cell and w/ GNSS is not aligned.
· Scenarios 1A, 1B, 3B can use common synchronization source priority rules, where GNSS is a primary synchronization source (i.e. network instructs UE to prioritize GNSS as synchronization reference).

· Scenarios 2A, 2B, 4A can use common synchronization source priority rules, where eNB is a primary synchronization source (i.e. network instructs UE to prioritize eNB as synchronization reference).
3 Synchronization Source Priority Rules

Analyzing agreements made by RAN1 WG, the following two cases in terms of highest priority synchronization source can be identified:
· Case 1: GNSS is prioritized as the highest priority synchronization source for in-coverage UE (InC). This is the most important case for LTE-V2V communication which assumes that network is synchronized with GNSS timing. The following priority rules are assumed in this scenario for synchronization source selection:
· For in-coverage UE: GNSS > UEGNSS ? UEUE-GNSS > eNB

· For out of coverage UE: GNSS (P1) > UEGNSS = UEeNB (P2) > UEUEeNB = UEUE-GNSS (P3) > UEOOC (P4)
· Case 2: eNB is prioritized as the highest priority synchronization source for in-coverage UE (InC). This is the scenario where network is not synchronized to GNSS timing. The following priority rules are assumed in this scenario for synchronization source selection:
· For in-coverage UE: eNB is the only option

· For out-of-coverage UE: UEGNSS = UEeNB (P2) > GNSS (P1) > UEUEeNB = UEUE-GNSS (P3) > UEOOC (P4)
Notes: 
· UEGNSS – denotes UE that directly derives synchronization from GNSS;

· UEUE-GNSS – denotes UE that indirectly derives synchronization from GNSS (i.e. from SLSS of UEs directly synchronized with GNSS);

· UEeNB – denotes UE that directly derives synchronization from eNB;
· UEUEeNB – denotes UE that indirectly derives synchronization from eNB (i.e. from SLSS of UEs directly synchronized with eNB);
· The yellow color highlights the fact that discussion on differentiation between UEs directly (UEGNSS) and indirectly (UEUE-GNSS) synchronized to GNSS is still open.
We notice that in Case 2, for out-of-coverage UE, the synchronization source that directly derives synchronization from GNSS has higher priority than GNSS itself. In our view, this agreement needs to be clarified or corrected.
When eNB is prioritized as the highest priority synchronization reference for in-coverage UEs, the OoC UE can use GNSS with higher priority unless it detects synchronization source/resource directly synchronized to eNB that should be prioritized.

Proposal 1
· If priority order between P1 and P2 is (pre-)configured so that P2 > P1, the OOC UE applies the following priority rules UEeNB > GNSS > UEGNSS > UEeNBUE = UEUE-GNSS > UEOOC.
4 Synchronization Resources for V2V Communication
In this section, we discuss the issue of seamless LTE-V2V communication between in-coverage and out-of-coverage UEs in the same resource pool. We note that V2V pool is defined by a repeating bitmap mapped to all subframes except SLSS subframes, which are skipped. In order to align V2V pools between in-coverage and out-of-coverage UEs, the amount of SLSS subframes and SLSS resources should be aligned for in-coverage and out-of-coverage UEs, so that they have the same interpretation of pool resources and reference timing. In order to achieve this, the following combinations in terms of number of (pre-)configured synchronization resources are possible: 
1) No SLSS synchronization resources are configured by network. In this case, only GNSS or eNB can be used as a synchronization reference.
2) One SLSS synchronization resource is configured. In this case only one hop propagation from GNSS or eNB can be enabled.
3) Two SLSS synchronization resources are configured. In this case two hop propagation from GNSS or eNB can be possible but it needs to be further discussed how to split synchronization resources between different sources in different scenarios.
Proposal 2
· Number and allocation of SLSS synchronization resources is aligned for in-coverage and out-of-coverage operation.
5 Synchronization Assistance for Dedicated V2V Carrier
It was agreed to introduce offset to GNSS timing in order to determine the timing of DFN-0. This offset can be useful to align eNB and V2V TX timing, if eNB timing itself is not aligned in time with GNSS timing. The offset may help to align SFN0 and DFN0 subframes in time according to the timing used by the network.
In case if dedicated V2V carrier is used by V2V UEs subscribed to different PLMNs, the eNB timing across different PLMNs may not be aligned with respect to the GNSS timing. Therefore, if UE has lost GNSS synchronization but still can synchronize to eNB it need to apply the offset with respect to eNB timing. In order to align timing on dedicated V2V carrier, eNB can broadcast the offset of its own timing with respect to DFN0 or GNSS timing applied at the dedicated V2V carrier.

Proposal 3
· Network provides assistance information on relationship between Uu timing and GNSS timing.

· Timing offset between Uu timing and GNSS timing is broadcasted by eNB that can be used by vehicles utilizing eNB reference to align with common V2V GNSS timing.

6 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
· If priority order between P1 and P2 is (pre-)configured so that P2 > P1, the OOC UE applies the following priority rules UEeNB > GNSS > UEGNSS > UEeNBUE = UEUE-GNSS > UEOOC.
Proposal 2
· Number and allocation of SLSS synchronization resources is aligned for in-coverage and out-of-coverage operation.
Proposal 3
· Network provides assistance information on relationship between Uu timing and GNSS timing.

· Timing offset between Uu timing and GNSS timing is broadcasted by eNB that can be used by vehicles utilizing eNB reference to align with common V2V GNSS timing. 
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