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1 Introduction

During D2D study item [1] and work item, following working assumptions were made regarding D2D synchronisation procedure.

Before starting to transmit D2DSS, a UE scans for D2D Synchronization Sources. 

· If a D2D Synchronization Source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS.

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D Synchronization Source.

· Details of under what circumstances a UE transmits D2DSS are FFS.

· If a UE transmits D2DSS, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2DSS are described in Section 7.2.2 of [1]
· If no D2D Synchronization Source is detected, a UE may nevertheless transmit D2DSS.

· A UE may reselect the D2D Synchronization Source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the D2D Synchronization Source(s). 

· Detailed rules FFS
In RAN1#76bis [2], following agreements were made regarding D2D synchronisation for out-of-network coverage.

For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 

· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm

· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source

· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

In RAN1#77 [3], following agreements were further made regarding D2D synchronisation procedure.

· The set of D2DSS that can be transmitted by a UE is divided into two groups:
· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported
· When UE is out of coverage and detected a D2DSS in D2DSSue_net,
· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither
Finally, the agreements made on out-of-coverage D2D synchronisation procedure in RAN1#78bis [4] include:

· Out-of-coverage UEs do not transmit D2DSS on more than 1 D2DSS resource

· 2 D2DSS resources are used for out-of-coverage

· FFS whether the locations are preconfigured, signalled or fixed in the spec w.r.t. DFN#0
Based on these working assumptions and agreements, in this contribution, we propose a detailed synchronisation procedure for out-of-coverage UEs to achieve same timing reference for D2D operation.
2 Synchronisation procedure
An overall synchronisation procedure that covers D2D synchronisation in three scenarios; in-network coverage, partial network coverage and out-of-network coverage, on a given carrier has been proposed in [5]. Furthermore, the benefits of adopting a flat synchronisation scheme that achieves same timing reference for out-of-coverage scenario have been elaborated in [5]
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[7]. 

The discussions on flat synchronisation scheme have so far focussed on the criteria for selecting and re-selecting synchronisation source based on age, density and SSID or combination of these. Apart from this aspect, the procedure for out-of-coverage UEs to synchronise to same timing reference is also important to realise a flat synchronisation scheme. To the best of our knowledge, this aspect has not been discussed in RAN1. 

Thus, in this contribution, we present a detailed procedure for achieving same reference timing within the neighbourhood in out-of-coverage scenario.
Figure 1 illustrates the timing diagram for signal transmission to achieve common reference timing.
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Figure 1: Timing diagram for out-of-network coverage synchronization method
When a D2D-UE (UE#1) enters an area without cellular network coverage, it may scan all supported/pre-defined channels for a defined scanning period to detect the presence of synchronization signals (D2DSS sequences) from both D2DSSue_net and D2DSSue_oon.  
If the D2D-UE (UE#1) does not detect any synchronization signals (D2DSS sequences):

· The D2D-UE (UE#1) shall elect to be an ISS and nominate its local time as reference timing by transmitting a synchronisation signal from D2DSSue_oon, and synchronisation channel (PD2DSCH), periodically. The PD2DSCH transmitted by UE#1 at this point may include

· Timing information
· SSID

· Resources for transmitting sync requests within current synchronisation period.
· When one or more surrounding D2D-UEs (UE#A) detect the D2DSS and PD2DSCH of UE#1, that UE may be interested on:

· Adopting the reference timing of UE#1
· Joining to the network formed by UE#1
· Participating the synchronisation timer maintenance by extending reference timing

Thus, this D2D-UE (UE#A) may express its intention by transmitting a synchronisation request at the resources nominated by the UE#1. The synchronisation request may include a copy of the D2DSS received from UE#1 and PD2DSCH, which may contain:

· Time sync request asking for timing adjustments
· SSID
· Requesting UEID.
· If UE#1 detects one or more synchronisation requests from D2D-UEs (UE#A), it may respond to them at the D2DSS resource of the next synchronisation period with its D2DSS and PD2DSCH. This PD2DSCH may include:

· Timing information
· SSID

· Resources for transmitting sync requests within current synchronisation period
· Timing adjustments addressed to each received synchronisation requests  
· Once this PD2DSCH is successfully detected by one or more requesting D2D-UEs (UE#A), they may adjust their timing according to the adjustments provided in PD2DSCH and participate in extending/maintaining the reference timer within the region by becoming a synchronisation source and transmitting D2DSS+PD2DSCH from the next synchronisation period. 
Otherwise, if the D2D-UE detects synchronisation signals from other sources during the scanning period:
· The D2D-UE performs reference timer evaluation (based on age/density/ID or combination) to select the appropriate synchronisation source.
· It then, transmits a synchronisation request with D2DSS+PD2DSCH at the resources nominated by the source UE to request timing synchronisation adjustments

· Next, the D2D-UE may monitor for PD2DSCH transmissions from the source UE to acquire timing adjustments.

· After successful detection of the timing adjustments intended for this D2D-UE, it adjusts its timer and participates in reference timer extension/maintenance by transmitting D2DSS+PD2DSCH in the coming synchronisation period.
According to above discussion it is clear that at least two D2DSS resources per synchronisation period may be needed to achieve same timing reference in flat synchronisation schemes. This aligns with the current agreement of two D2DSS resources in out-of-coverage scenario.
Proposal 1: Consider the synchronisation procedure described in this contribution to establish same reference timing within the neighbourhood, thereby achieving flat synchronisation, for D2D communication in out-of-network coverage.

Proposal 2: PD2DSCH transmitted in flat synchronisation scheme should include following fields. 

· Timing reference information

· SSID

· Resources for sync request transmission

· Time sync request 

· Sync request UE ID

· Timing adjustments for different UEs.

The presence/absence of each field may depend on the purpose of PD2DSCH transmission (initial reference time nomination/sync request/timing adjustment transmission) as described in the proposed synchronisation procedure.

3 Conclusion

This contribution described a procedure to achieve same reference timing among out-of-coverage D2D UEs adopting flat synchronisation scheme. The proposed method includes following features to converge to same reference timing within the neighbourhood:

· Works in distributed manner to perform time synchronisation of UEs
· Allows to propagate and maintain the achieved reference timer in a shared region
· Defines three different PD2DSCH transmission types to facilitate reference time nomination, synchronisation request and reference timer adjustment.

Based on the above, following proposal is made.

Proposal 1: Consider the synchronisation procedure described in this contribution to establish same reference timing within the neighbourhood, thereby achieving flat synchronisation, for D2D communication in out-of-network coverage.

Proposal 2: PD2DSCH transmitted in flat synchronisation scheme may include following fields. 

· Timing reference information

· SSID

· Resources for sync request transmission

· Time sync request 

· Sync request UE ID

· Timing adjustments for different UEs.

The presence/absence of each field may depend on the purpose of PD2DSCH transmission (initial reference time nomination/sync request/timing adjustment transmission) as described in the proposed synchronisation procedure.
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