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1 Introduction
LTE D2D was agreed to be WI in RAN#63[1]. According to the WID[2] approved in the meeting, the objective of this work item is to enable device to device discovery in network coverage (intra-cell and inter-cell) and communication in network coverage (intra-cell and inter-cell), in partial network coverage and outside network coverage. And one of the particular objectives is to specify synchronization procedure for inter-cell, in partial network coverage and outside network coverage. One of the key points of the synchronization procedure in these scenarios is the synchronization signal relay operation by UEs.
In this paper, we will further discuss the issue and give some details of our views.
2 Synchronization signal relay operation
2.1 Candidate UEs for D2DSS relay
In [3] we have analyzed that the UE far from a synchronization source has no need to relay D2DSS derived from a synchronization source, since the coverage of the relayed D2DSS would mostly or entirely overlap with that of the synchronization source. Therefore, UEs far from a synchronization source should be candidates for relaying D2DSS to exploit the benefit of coverage extension.
Proposal 1: 
· UEs far from the synchronization source should be candidates for relaying D2DSS.

 UEs in the coverage of the synchronization source can compare the received signal power with a threshold to decide whether they would be candidates for D2DSS relay. UE will be a candidate UE for D2DSS relay if the received signal power is lower than the threshold. 

If the synchronization source is an eNB, then the received signal power can be RSRP, and the value of the threshold should be configurable by eNB in accordance with the coverage of the cell. Otherwise, if the synchronization source is a UE, the synchronization signal (maybe include PD2DSCH) can be used for the measurement of D2D links. In this case if the synchronization signal is transmitted with pre-defined power by the synchronization source UE, then the received synchronization signal power can be used as the metric and a corresponding threshold should also be pre-defined. 
Proposal 2: 
· UE in coverage of a synchronization source becomes a candidate UE to relay D2DSS if the received signal power from the synchronization source is lower than the corresponding threshold.
2.2 Initiation of D2DSS relay
The candidate UEs should not start the D2DSS relay immediately after the received signal power becomes lower than the threshold. Or Simultaneous D2DSSs relayed by vicinity candidate UEs can be accumulated in an SFN mode, which generates a combined synchronization signal as shown in Figure 1. The power of the combined signal can dynamically change with the number of UEs that participate in the D2DSS relay. This unstable signal will cause critical interference toboth WAN communication and D2D communication/discovery; especially for the D2D UEs depending on the timing reference the signal conveyed, the change of synchronization signal power will cause frequent synchronization source reselection. 
Proposal 3: 
· D2DSS accumulation in a given subframe should be avoided.
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Figure 1 Illustration of the combined synchronization signal
So it is required that before one candidate UE starts with the D2DSS relay in a subframe of the D2DSS transmission cycle, it has to confirm if UE nearby is simultaneously relaying the same D2DSS as that it is about to relay in the same subframe of the D2DSS transmission period. The candidate UE can compare the received synchronization signal power in the given subframe with the pre-defined threshold, and if the received signal power is below the threshold the candidate UE can deem that there is no UE relaying the same D2DSS or the UE relaying same D2DSS is far away.
Proposal 4:
·  A candidate UE relays D2DSS if same D2DSS transmitted from nearby UEs is not detected.

2.2 D2DSS transmission mechanism
because UE is travelling, the one at the border of one synchronization source’s coverage is more apt to depart from the synchronization source. Another thing that should be noticed is that UE is energy limited, and thus the battery power of a UE relaying D2DSS will drain if it transmits D2DSS too frequently and too long. No matter the UE relaying D2DSS move away or powers off, the UEs depending on the D2DSS relayed by it have to seek for another synchronization source.  Then D2D communication or discovery will be seriously impacted.
So we propose that more than one in vicinity UE should be allowed to relay the same D2DSS in TDM mode. Just referring back to Figure1, it the UE A, UE B and UE C relay D2DSS derived from PSS/SSS of the cell in different subframes instead of the same one, the density of the D2DSS in time domain can be increased, this will improve the D2DSS detection performance for the UEs out of the synchronization source’s coverage. Another advantage is, if the one of the three UEs move away, the out of coverage UEs can continue to obtain the timing reference from the D2DSS relayed by the rest two UEs. One more benefit of the proposal is that, the D2DSS relay cycle for a specific UE can be longer. The battery life of the UE can prolonged but not impact the D2DSS detection performance, as the D2DSS density has already been guaranteed by multiple UEs. 
Proposal 5:
·  More than one in vicinity UE should be allowed to relay the same D2DSS in TDM mode.
3 Conclusions

We provide our views on D2D synchronization based on D2DSS relayed by UE, we have the following proposals:
Proposal 1: 
· Only the UEs far from the synchronization source have the need to relay D2DSS.
Proposal 2: 
· One UE in coverage of a synchronization source will be a candidate UE to relay D2DSS if the received signal power from the synchronization source is lower than the corresponding threshold.

Proposal 3:
·  D2DSS accumulation in a given subframe should be avoided.

Proposal 4: 
· A candidate UE will start the D2DSS relay in a subframe within the D2DSS transmission cycle if the received signal power of the same D2DSS in the subframe is below one pre-defined threshold.

Proposal 5: 
· More than one in vicinity UE should be allowed to relay the same D2DSS in TDM mode.
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