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1 Introduction

In this contribution, we discuss synchronization related aspects for V2V communication [1] focusing on remaining opens according to the RAN1 WG agreements made at the previous meetings. In particular, we discuss V2V synchronization procedure and assistance information. Our views on other V2V communication aspects are provided in our companion contributions [2]-[8].
2 RAN1 Agreements on V2V Synchronization Procedure

In this section we outline agreements made by RAN1 WG that are relevant to V2V synchronization procedure:
Agreement (RAN1 #83)
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)

Agreement (RAN1#84bis):

· 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
Working assumption (RAN1 #85):

· At least one value is reserved for SLSS ID used for SLSS transmissions from UEs having GNSS as the synchronization reference.

· FFS whether multiple values need to be reserved.

· The reserved value(s) of the SLSS IDs is(are) pre-defined.

· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption needs to be revisited.

· SSSS for V2V uses sequences of subframe-5 SSS
Agreement (RAN1#86):

· GNSS is at the highest priority of synchronization source for time and frequency when the following conditions are met:

· The UE is out of coverage  on the V2X carrier (as defined by RAN2)

· The UE does not receive any eNB synchronization configuration 

· The UE directly receives GNSS with sufficient reliability (as defined by RAN4)
· The UE does not receive any SLSS_net signal  with in-coverage indicator 1
· The existing agreements apply when at least one of the above conditions is not met.

· FFS UE behaviour when the UE is out-of-coverage and receives SLSS_net.

· RAN1 observed the potential benefit of (pre)configuring an offset to shift the DFN #0 w.r.t the reference timing derived from GNSS. RAN1 assumes that RAN2 will decide whether this feature will be included in the outcome of V2V WI.

· The offset is in range [0, 1 ms] with the granularity of 1 us.

3 Possible Deployment Scenarios

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

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

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

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

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

	Scenario 4:
	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).
4 Synchronization Procedure for V2V Communication
As it was agreed at the previous RAN1 WG meetings, eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V. The same is applied for the case when UE camps on eNB and uses dedicated carrier for V2V.
The motivation behind GNSS prioritization is to reduce timing discontinuity for inter-cell vehicular communication, that may appear when there is a mix of different cell sizes or cells are not synchronized. In addition, prioritization of GNSS allows to avoid timing discontinuity for communication with out of coverage UEs that cannot be synchronized with eNB reception timing by definition. Therefore, the main intention behind instruction to use GNSS is to enable better V2V synchronization performance that also improves V2V communication performance. However in some cases, if GNSS is prioritized then V2V communication may cause the interference for DL reception, assuming that DL reception timing and GNSS transmission timing are not aligned or significantly different. The latter may happen when network is not synchronized to the GNSS or even if network is synchronized to GNSS but the cell size is very large. In this case, the only solution to reduce the impact on DL reception is to follow the eNB reception timing for V2V transmission.
Therefore V2V synchronization can be designed to satisfy one of the following goals:

1) Enable discontinuous V2V synchronization. In this case, the GNSS based synchronization should be given higher priority. This design strategy will improve V2V synchronization and demodulation performance while may degrade cellular performance in the case when network is not synchronized with GNSS or if cell size is very large and network is synchronized with GNSS.
2) Protect DL reception from potential V2V interference. In this case, the eNB based synchronization should be given higher priority than GNSS and the degraded V2V communication performance can be expected. It will also require implementation of more complex UE receiver, since it will need to track multiple timings and receive from multiple sources with substantially different timing. The V2V performance in this case may degrade substantially.
In general, these two goals is challenging to meet simultaneously. Therefore different strategies may be considered. Given that for V2V communication, the scenario with synchronized network is more reasonable for V2V services, we assume that avoiding discontinuous timing for inter-cell V2V communication makes much more practical sense. On the other hand in scenarios, when network is not synchronized with GNSS the operator may want to protect more cellular services and thus prioritization of eNB based timing needs to be also considered. In addition, in case if GNSS is lost the eNB can be used as a fallback synchronization source for V2V communication. Therefore in the next subsections we discuss priority rules for the following two cases.
Case 1: Network instructs UE to prioritize GNSS as a synchronization reference. This scenario implies that network is synchronized with GNSS. The necessary time offset between eNB transmission timing and GNSS timing may be indicated by eNB and UE can apply it even if it derives timing directly from GNSS. The following prioritization rules are proposed in this case:
· P1: GNSS (global accurate sync) – beneficial to avoid timing discontinuity when eNB instructs to prioritize GNSS;

· P2: UEGNSS - First hop after GNSS (sync accuracy) – The UEGNSS can be prioritized in case of large coverage cells to avoid large timing discontinuity at cell borders and avoid timing dependency on eNB-UE distance for V2V communication. In general, UEGNSS may be deprioritized for deployments with relatively small coverage (i.e. when propagation delay is well within CP). There is a large number of UEs that may be able to provide timing form GNSS.
· P3: eNB (stationary sync source, GNSS-like accuracy) – The eNB can be ranked with higher priority in case of small coverage cells and should have lower priority for large coverage cells if GNSS is prioritized;

· P4: UEeNB-InC - First hop after eNB - (sync is derived from stationary SS) – This sync source prioritization mainly needed to prevent transmissions from OoC UEs utilizing internal clock for transmission and therefore protect DL reception at cell edge/border (e.g. UE lost GNSS, there is no eNB coverage and UEGNSS).
· P5: UEeNB-OoC - Second hop after eNB (follow Rel.12) – mainly needed to prevent transmissions from OoC UEs utilizing internal clock for transmission and therefore protect DL reception at cell edge/border (e.g. UE lost GNSS and there is no eNB coverage, UEGNSS and UEeNB-InC);

· P6: UEUE-GNSS - Second hop after GNSS (may have better sync accuracy and therefore may be upgraded in terms of priority to the priority level P4). Further analysis is needed to decide if it should have higher priority, e.g. P4. Note that in general transmission of SLSS by in-coverage UEUE-GNSS may be prohibited and enabled only for out of coverage scenarios;
· P7: UEOoC – independent synchronization sources should be given lower priority.
Case 2: Network instructs UE to prioritize eNB as a synchronization reference. This case assume that eNB TX and GNSS timing is unknown or deviates. Therefore, in order to avoid impact on cellular communication from V2V communication the network timing needs to be preserved. This synchronization strategy aims to protect DL reception from V2V interference. However, it will impose timing discontinuity for V2V communication in inter-cell scenarios and in case of communication with out of coverage vehicles. Therefore this strategy may be applicable only in case of asynchronous deployment scenarios. For this case the following prioritization rules can be considered which are consistent with the LTE Rel.12 synchronization procedure (eNB instructs UE to use eNB timing) and add possibility of GNSS based synchronization option for out of coverage operation.
· P1: eNB (follow network timing) – The eNB is prioritized to follow the network timing for transmission;
· P2: First hop after eNB - UEeNB-InC (follow network timing) – mainly needed to prevent transmissions from OoC UEs utilizing internal clock or GNSS for transmission and therefore protect DL reception at cell edge/border;

· P3: Second hop after eNB - UEeNB-OoC (follow network timing) – mainly needed to prevent transmissions from OoC UEs utilizing internal clock or GNSS for transmission and therefore protect DL reception at cell edge/border;

· P4: GNSS (global accurate sync) – beneficial to enable global sync and absolute timing among out of coverage scenarios;

· P5: First hop after GNSS - UEGNSS (sync accuracy) – beneficial to extend global timing in case UE lost GNSS;

· P6: Second hop after GNSS - UEUE-GNSS (accuracy) – beneficial to provide global timing in case UE lost GNSS;

· P7: UEOoC
In our view, current RAN1 WG working assumption that the “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” does not enable any of the discussed above goals in terms of synchronization and eventually leads to appearance of the additional timing for V2V communication and V2V interference given that the priority order of UEGNSS and UEeNB-InC is the same. In order to resolve the above mentioned drawback we have following proposals:
Proposal 1
· Follow prioritization rules described for case 1, if eNB instructs UE to prioritize GNSS as a reference
· In this case, synchronization source that directly derives timing from GNSS may have higher priority than synchronization source propagating timing from eNB.
· Follow prioritization rules described for case 2, if eNB instructs UE to prioritize eNB as a reference.
· In this case, the priority of GNSS timing for out of coverage UEs may be reconsidered. In particular, GNSS priority may be downgraded with respect to UEeNB-OoC.
5 Network Assistance for V2V Synchronization

On V2V synchronization assistance information
The different types of network assistance information may be beneficial for V2V synchronization procedure. In ideal case, the timing of the network cellular operation (Uu timing) should be aligned with the timing of V2V operation (PC5 timing). However, it may be difficult to mandate this especially in case of different networks and dedicated V2V carrier. Given that GNSS based synchronization (global timing) may not always be available, UEs should be able to acquire timing relationship from eNB in order to know the timing offset at the Uu air-interface with respect to V2V timing offset used for operation at the V2V carrier (e.g. GNSS timing).

Proposal 2
· Network provides assistance information on relationship between Uu timing and GNSS timing 

· Timing offset between Uu timing and GNSS timing is broadcasted by eNB
· This timing offset can be used by vehicles utilizing eNB reference to align with common V2V GNSS timing 
· This timing offset can be used by vehicles using GNSS reference to achieve aligned V2V/DL transmissions on the shared carrier (e.g. align SFN and DFN)
· Timing offset may be composed from two components 

· Integer offset between SFN#0 and DFN#0 in case when eNB instructs UE to use GNSS (granularity of 1 ms)
· Fractional offset of the DFN#0 w.r.t the reference timing derived from GNSS with granularity 1 us and range [0, 1 ms]. 
6 Conclusions
In this contribution, we provided our views on synchronization related aspects for V2V communication. Based on the discussion and presented analysis, we have following proposals:
Proposal 1
· Follow prioritization rules described for case 1, if eNB instructs UE to prioritize GNSS as a reference
· In this case, synchronization source that directly derives timing from GNSS may have higher priority than synchronization source propagating timing from eNB.

· Follow prioritization rules described for case 2, if eNB instructs UE to prioritize eNB as a reference.
· In this case, the priority of GNSS timing for out of coverage UEs may be reconsidered. In particular, GNSS priority may be downgraded with respect to UEeNB-OoC.
Proposal 2
· Network provides assistance information on relationship between Uu timing and GNSS timing 

· Timing offset between Uu timing and GNSS timing is broadcasted by eNB

· This timing offset can be used by vehicles utilizing eNB reference to align with common V2V GNSS timing 
· This timing offset can be used by vehicles using GNSS reference to achieve aligned V2V/DL transmissions on the shared carrier (e.g. align SFN and DFN)

· Timing offset may be composed from two components 

· Integer offset between SFN#0 and DFN#0 in case when eNB instructs UE to use GNSS (granularity of 1 ms)
· Fractional offset of the DFN#0 w.r.t the reference timing derived from GNSS with granularity 1 us and range [0, 1 ms].
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