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Introduction
In the last 3GPP meeting RAN1 #85, the V2V synchronization design was extensively discussed. Regarding the synchronization signal design, the following working assumptions were obtained [1]:
	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.
Conclusion:
· Companies are encouraged to consider whether having GNSS as the highest sync priority for OOC UEs have significant impact on in-coverage UE operations.




Some related agreements made in the previous meetings are also listed below:
In the meeting RAN1 #84, “No new synchronization signal sequence is defined in V2V” was agreed as working assumptions for future study [2]. 
In the earlier meeting RAN1 #83, the basic V2V synchronization design was outlined [3]:
	Agreements:
· 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
· 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



  
This contribution continues the discussions from RAN1 #85 meeting, providing discussions on details of V2V synchronization design, as there are still some important issues undetermined yet.
Discussion
GNSS and GNSS equivalent as additional synchronization reference have already been identified during the study item phase of PC5-based V2X [4], where it is mentioned that the eNB doesn’t always have GNSS timing, which simply indicates the possibility that eNB timing differs from GNSS timing, and they are independent from each other. Further, in the last meeting, “At least one value is reserved for SLSS ID used for SLSS transmissions from UEs having GNSS as the synchronization reference” was already treated as working assumption. Therefore, 
Proposal 1: 
· Confirm that explicitly defined GNSS timing should be further made as working agreement, which is distinguishable from eNB timing; confirm that the reserved SLSS ID(s), as the only way indicating GNSS synchronization timing reference, should be further made as working agreement as well. 

Last meeting also encouraged companies to consider whether having GNSS as the highest sync priority for OOC UEs have significant impact on in-coverage UE operations. In our understanding, the in coverage timing can be configured by eNB, so the in coverage timing is flexible; while out of coverage timing should be somehow fixed regarding reference priority order according to the agreement from last RAN1 meeting. In legacy D2D design, the in coverage timing is forwarded to out of coverage UEs which are close to the network, for better protection of network. If the eNB configures in coverage UEs to use one type of timing which is not the highest priority timing for out of coverage UEs, e.g., assuming GNSS is prioritized over eNB timing for out of coverage UEs, if the eNB configures GNSS timing for in coverage UEs, the out of coverage UEs close to the network won’t be be harmful to the network; nevertheless, if the eNB changes its configurations and eNB timing is prioritized for in coverage UEs, then the transmission of out of coverage UEs may interfere with the transmissions in the network. Therefore, the fixed (pre-configured) reference priority order for OOC UEs nevertheless has impact on in-coverage UE operatios, if we don’t intend to lose the flexibility of in coverage network controlled timing reference configurations.  
In order to solve this problem, near coverage UEs (out of network coverage but close to the network coverage) should be aware whether they can generate interference to the network. In legacy D2D, receiving eNB timing with in coverage indication notifies the out of coverage UE that it is close to the network. In V2V communications, if GNSS timing is prioritized in coverage, then no eNB timing can be transmitted to out of coverage UE; in this case the receiving GNSS from in coverage can also tells the out of coverage UE that it is close to the networkif in coverage and out of coverage GNSS timing can be distinguished. 
Proposal 2: 
· GNSS timing from in coverage and out of coverage are the same; it’s not necessarily to prioritize GNSS timing from in coverage and out of coverage, but it is beneficial to distinguish GNSS from in coverage and out of coverage, in terms of network protection.

Meanwhile, although GNSS timing can be everywhere, considering the scenarios such as tunnel or basement which neither has network deployment nor GNSS coverage,  
Proposal 3: 
· GNSS timing should be able to be forwarded to other UEs, similar as network timing forwarding in Rel-12/Rel-13 D2D.

Based on the above analysis, we propose:
Proposal 4: 
· Multiple values should be reserved for SLSS ID used for SLSS transmissions from UEs having GNSS as the synchronization reference


Furtheremore, when looking at the sidelink synchronization signal enhancement for V2V, we found one remaining V2V SLSS issue arised from [3], which is not decided yet:
· 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

According to the specification [5], SLSS_net and SLSS_oon represent synchronization source type, whether the timing is from E-UTRAN, or out of coverage UEs. In order to be compatiable to D2D with the least specification work and easily distinguish whether timing reference is from network or not, we propose:
Proposal 5: 
· The definitions of SLSS_net and SLSS_oon should be kept the same as those in Rel-12/Rel-13 sidelink communications.

At the same time, since it has already been agreed that “No new synchronization signal sequence is defined in V2V”, the GNSS timing won’t be able to be allocated a new dedicated root index. Therefore, the simplest way with least specification impact would be:
Proposal 6: 
· Subsets of both SLSS_net and SLSS_oon should be reserved for GNSS timing.

Another benefit of proposal 6 would be it can help distinguish whether the original GNSS timing is from in coverage or out of coverage. 
On the other hand, recalling in D2D synchronization design, the number of timing hops is strictly restricted, because after multiple hops, the timing is not reliable any more. In V2V communications, synchronization signal reliability is still an issue. The research work in [6] and [7] show that the synchronization timing accuracy can be significantly affected by the velocity of UEs due to potential severe Doppler shift, especially when 500 Km/h scenario was introduced in V2V communications. Furthermore, the synchronization signal itself has no advanced technologies such as enhanced DMRS and channel coding to combat those errors. 
Observation:
· Different from D2D operating with low velocity UEs, V2V synchronization signal reliability should not be solely related to signal quality/strength; it also relates to UE’s velocity.

Therefore, if still adopting the legacy Rel-12 and Rel-13 SLSS transmission conditions, at the reception UE side, there may be timing error when the high velocity UE becomes synchronization source to transmit SLSS/PSBCH, comparing with low velocity synchronization source.
Proposal 7: 
· There should be extra condition considering UE’s velocity to limit the UE’s SLSS transmission, e.g., when the SyncRef UE increases its velocity to some level, it should stop SLSS transmission. 

During synchronization source selection, the reception UE should take velocity of SyncRef UE into account as well.
Proposal 8: 
· Velocity information should be carried by either SLSS or PSBCH. The details of velocity information definition, e.g., quatizied velocity or just the charisrictics of velocity (low or high), absolute velocity or relative velocity, and how to carry such information are FFS.

Conclusion
Based on the discussions above, we propose the followings:

Observations:
· Different from D2D operating with low velocity UEs, V2V synchronization signal reliability should not be solely related to signal quality/strength; it also relates to UE’s velocity.

Proposals: 
· Confirm that explicitly defined GNSS timing should be further made as working agreement, which is distinguishable from eNB timing; confirm that the reserved SLSS ID(s), as the only way indicating GNSS synchronization timing reference, should be further made as working agreement as well. 
· GNSS timing from in coverage and out of coverage are the same; it’s not necessarily to prioritize GNSS timing from in coverage and out of coverage, but it is beneficial to distinguish GNSS from in coverage and out of coverage, in terms of network protection.
· GNSS timing should be able to be forwarded to other UEs, similar as network timing forwarding in Rel-12/Rel-13 D2D.
· Multiple values should be reserved for SLSS ID used for SLSS transmissions from UEs having GNSS as the synchronization reference
· The definitions of SLSS_net and SLSS_oon should be kept the same as those in Rel-12/Rel-13 sidelink communications.
· Subsets of both SLSS_net and SLSS_oon should be reserved for GNSS timing.
· There should be extra condition considering UE’s velocity to limit the UE’s SLSS transmission, e.g., when the SyncRef UE increases its velocity to some level, it should stop SLSS transmission. 
· Velocity information should be carried by either SLSS or PSBCH. The details of velocity information definition, e.g., quatizied velocity or just the charisrictics of velocity (low or high), absolute velocity or relative velocity, and how to carry such information are FFS.
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