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1
Introduction
In this contribution we provide our views on synchronization for V2V operation. During the study item discussions the following agreement was made in RAN1#83 [1] 
Agreements:
(…)

· “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.
We think that prioritization of GNSS is beneficial and UE should select GNSS as a synchronization reference always unless it receives different configuration from eNB.
2
Prioritization of synchronization sources 
In the RAN1#84bis meeting the following agreement was made [2]:
Agreement:
· 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

Intention of this configuration is that all the V2V UEs communicating with each other should use the common synchronization source. It is of course possible that UE configured to use GNSS timing is not able to receive GNSS or UE configured to use eNB timing moves outside cell coverage. In these cases it is sometimes possible that the synchronization information is obtained from other UEs. However, there may be cases that two UEs that should communicate with each other do not have a common synchronization reference. As indicated in the agreement, in case that two UEs are camping on different eNBs and both receive configuration of “following eNB synchronization”, it is possible that the eNBs are not synchronized and therefore UEs do not have a common synchronization source. We think that solution for this problem should be to prioritize GNSS and try to make synchronization procedure such that common source is utilized as often as possible. Requiring UE to be able to receive signals from UEs with different synchronization references should be avoided.
Observation 1: Resource pools from different cells and out-of-coverage UEs need to be time-aligned to allow UEs to follow transmissions from UEs in different cells and different coverage situations.
Observation 2: Baseline assumption for time reference of PC5 V2V operation is GNSS or GNSS-equivalent, even for UEs that are within NW coverage in the same carrier as the UE is operating PC5 V2V.

According to the RAN1#84bis agreement above eNB is able to configure the UEs to follow eNB synchronization or GNSS timing when UE is in-coverage of the eNB. In principle, if the eNB is equipped with GNSS or GNSS-equivalent, it is possible to define the synchronization source priority in this case similarly to Rel-13 PC5, i.e. UE would follow the synchronization reference defined by the signals received from the eNB. However, this implies that the typical maximum Doppler shift expected by the vehicle UEs would be higher, as one needs to account for the Doppler shift between eNBs and vehicle UEs, as well as the Doppler shift between the UEs [4].

Observation 3: Even if the network is time-frequency synchronized to GNSS reference, maximum Doppler shift is reduced if UE follows synchronization given by its own GNSS or GNSS-equivalent synchronization source.
Based on observations above we propose that prioritization of synchronization signals as presented in figure 1 below is used.


[image: image1]
Proposal 1: Adopt the following synchronization priorities for V2V operation:

· In case eNB does not configure UE to follow eNB as synchronization reference: GNSS-equivalent reference, SLSS from UE with GNSS-equivalent, UE without GNSS-equivalent, arbitrary synchronization reference.

· In case eNB configures UE to follow eNB as synchronization reference: eNB, SLSS from in-coverage UE,  SLSS from OOC UE synced with in-coverage UE, SLSS from out-of-coverage UE with GNSS-equivalent reference, SLSS from out-of-coverage UE without GNSS-equivalent reference, arbitrary synchronization reference
3
Enhancements to synchronization procedure
As can be seen from the figure 1 above, in some cases UEs receive synchronization or information, which synchronization sources to prioritize, from other UEs. In order to realize this, some information need to be included in the PSBCH and/or SLSS. In RAN1#83 [2] it has been agreed that SLSS and PSBCH transmission is supported for PC5-based V2V. In addition, the following agreements were made:

Agreements:

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
Agreements:
· 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)
In the last meeting the following working assumption was made [5]:

Working assumption:
Working assumption for the V2V PC5 SLSS: 

· 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.

Based on the agreements above UE will indicate in the SLSS transmissions if UE’s synchronization is based on signals received from network and if UE is in-coverage or out-of-coverage. We think that the WA from last meeting is reasonable so we propose to agree it. 
Proposal 2: Agree the WA from the last meeting about V2V PC5 SLSS
As pointed out in the observation 3 when UE receives SLSS ID indicating that GNSS is used as synchronization reference, reasonable UE implementation uses GNSS reference of its own GNSS receiver for transmissions. But it is possible that UE cannot receive GNSS i.e. it can happen that UE knows that GNSS is used by other UEs but its own GNSS receiver cannot receive signal. It could be considered if a specific SLSS ID would be reserved for UEs in this kind of situation. The main relevant information for the UEs that are receiving SLSS transmissions from other UEs is not whether the network itself has GNSS-equivalent synchronization or not, but whether the UEs are allowed to utilize their own GNSS or GNSS-equivalent synchronization references for transmission of V2V signals. 
Regarding the SSSS for V2V the following working assumption was made in the last meeting:
Working assumption:
· SSSS for V2V uses sequences of subframe-5 SSS

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

We propose to agree this WA.

Proposal 3: SSSS for V2V uses sequences of subframe-5 SSS
4
Conclusions
In this contribution we have provided our views on synchronization for V2V operation. We have the following observations and proposals:
Observation 1: Resource pools from different cells and out-of-coverage UEs need to be time-aligned to allow UEs to follow transmissions from UEs in different cells and different coverage situations.
Observation 2: Baseline assumption for time reference of PC5 V2V operation is GNSS or GNSS-equivalent, even for UEs that are within NW coverage in the same carrier as the UE is operating PC5 V2V.

Observation 3: Even if the network is time-frequency synchronized to GNSS reference, maximum Doppler shift is reduced if UE follows synchronization given by its own GNSS or GNSS-equivalent synchronization source.
Proposal 1: Adopt the following synchronization priorities for V2V operation:

· In case eNB does not configure UE to follow eNB as synchronization reference: GNSS-equivalent reference, SLSS from UE with GNSS-equivalent, UE without GNSS-equivalent, arbitrary synchronization reference.

· In case eNB configures UE to follow eNB as synchronization reference: eNB, SLSS from in-coverage UE,  SLSS from OOC UE synced with in-coverage UE, SLSS from out-of-coverage UE with GNSS-equivalent reference, SLSS from out-of-coverage UE without GNSS-equivalent reference, arbitrary synchronization reference
Proposal 2: Agree the WA from the last meeting about V2V PC5 SLSS
Proposal 3: SSSS for V2V uses sequences of subframe-5 SSS
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Case2: eNB configures UE to use eNB signals as reference





Case1: eNB does not configure UE to use eNB signals as reference





Figure � SEQ Figure \* ARABIC �1�: Priority of synchronization references








