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1 Introduction
Rel-14 V2X WI [1] has been discussed in several RAN4 meetings. There are several open issues related to V2X synchronization. In RAN4#81, some agreements regarding requirements requirements were made and are copied below.

	· Open issues for further discussion (FFS if requirements should be introduced)

· GNSS synchronization source reselection evaluation period to prevent fast changes to/from GNSS synchronization source (ping pong effect)

· Companies encouraged to bring inputs on whether requirements need to be specified and duration of evaluation periods

· Tevaluate,GNSS,unreliable: minimum time before changing the synchronization reference from GNSS to another synchronization source

· Tevaluate,GNSS,reliable: minimum time before changing the synchronization reference from a synchronization source to GNSS

· V2V operation interruption due to synchronization source change to/from GNSS
· Motivation: During the synchronization source reselection UE changes timing and frequency reference which may result in TX/RX failure
· Companies encouraged to bring inputs on whether requirements need to be specified and duration of interruption period (e.g. 1 subframe)

· Selection time for GNSS as synchronization source
· UE behavior to maintain valid GNSS assistance information for GNSS as synchronization source
· WAN/GNSS timing misalignment  

· Conditions for GNSS Reliability Requirements
· Detection time of SyncRef UE 

· FFS

· Side condition 

· FFS 

· V2V TX drop rate for SLSS monitoring and conditions

· when GNSS is used as time reference and the highest priority
· The V2X UE is not allowed to drop any SL V2X transmissions for the purpose of SLSS detection of other SyncRef UEs 
· Other case 
· FFS
· UE measurement capability
· FFS


During the conference call discussions, agreements on some issues have been made:

	· No need to specify selection time for GNSS as synchronization source

· No need to specify UE behavior to maintain valid GNSS assistance information for GNSS as synchronization source.

· Reuse V2V GNSS reliability requirements for GNSS reliability requirements


In this paper, we will address the remaining open issues related to synchronization requirements for V2X based on the comments received during the conference call discussions.  
2 Discussion
Regarding whether GNSS synchronization source reselection evaluation period is needed to prevent fast changes to/from GNSS synchronization source, our view is that such requirement is not needed. 

The main motivation behind the such requirement is that too often changes of the synchronization source may lead to negative performance impacts, as the change of sync source could lead to adjustment of timing and frequency, and if it happens during the V2X TX or RX, the V2X communication may be interrupted. However, we do not see this as a big issue. As we discussed in our companion paper on interruption, change of sync source should not cause WAN interruption, and the impacts to V2X can be handled by UE implementation. 
In addition, the proposed evaluation period would be ambiguous considering that there are already evaluation period defined for all the sync sources. For GNSS, although it was agreed that no need to specify the selection time, it is common understanding that the existing requirements in 36.171 are applicable. For eNB, the current cell detection or identification time defined for idle and connected mode should be reused. For SyncRef UE, the detection time for SLSS and evaluation time based on S-RSRP are also defined. Given the existing requirements, we think fast sync source change is not very likely to happen. 
Proposal 1: No need to define GNSS synchronization source reselection evaluation period to prevent fast sync source change.
Regarding the SLSS detection requirements, our understanding is that the requirement is highly dependent on scenarios considered:

· Synchronized search: UE only needs to monitor two pre-configured SLSS resources every synchronization period (160ms)

UE only searches SyncRef UEs which are synchronized to the UE’s timing, i.e. the SLSS transmitted by such SynRef UEs overlap with the subframes in which UE monitors SLSS or transmits SLSS. UE then only needs to drop its SLSS transmission in order to monitor the SLSS from SyncRef UEs. As the SLSS is not as critical as data transmission, a higher dropping rate could be allowed.
During the conference call discussions, some companies proposed to allow 50% SLSS dropping rate, so that the detection time is 1.6s, which is assuming 5 sample detection at -4dB SNR. We think the requirement is reasonable. 

· Full search: UE needs to monitor all subframes of a synchronization period (160ms)

UE searches SyncRef UEs which are possibly not synchronized to the UE’s timing, i.e. the SLSS transmitted by such SynRef UEs can be any subframe of a synchronization period, and does not necessarily overlap the two pre-configured SLSS subframes. UE then needs to drop a whole synchronization window in order to monitor the SLSS from SyncRef UEs. As data transmission has to be dropped, the dropping rate should be limited.
During the conference call discussions, some companies proposed to allow 2% SLSS and data dropping rate, so that the detection time is 8s, which is assuming single sample detection at XdB SNR. We think the requirement is also reasonable. 

Based on the conference call discussions, both searching behaviours are possible depending on the scenarios and UE behaviours defined by RAN1 and RAN2, so we think it is better to define two sets of requirements to cover both.
Proposal 2: Define two sets of requirements for SLSS detection

1) Synchronized search: allow 50% SLSS dropping rate, 1.6s detection time at -4dB SNR

2) Full search: allow 2% SLSS and data dropping, 8s detection time at XdB SNR

3 Conclusions 

In this paper, we discussed the some synchronization requirements for V2X.

Proposal 1: No need to define GNSS synchronization source reselection evaluation period to prevent fast sync source change.
Proposal 2: Define two sets of requirements for SLSS detection

1) Synchronized search: allow 50% SLSS dropping rate, 1.6s detection time at -4dB SNR

2) Full search: allow 2% SLSS and data dropping, 8s detection time at XdB SNR   
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