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1 Introduction

In RAN1#73 meeting, following synchronization reference was agreed in the context of D2D discovery:
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS
· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage
RAN1 also agreed following in D2D scenarios.

· Discovery is not a required step for groupcast and broadcast communication
Therefore, synchronization for D2D groupcast and broadcast communication needs separate discussion from D2D discovery signal.

In [1], we discussed minimum function in D2D communication with focus on out-of-coverage and groupcast. In [2], we propose to adopt master-slave structure in out-of-coverage operation. In this contribution, we would like to discuss the requirements on synchronization reference based on master-slave structure mainly in out-of-coverage.
2 Synchronization options in master-slave structure

Option 3, 4 and 5 can be applied to without network coverage case. Since GNSS is not always available especially for indoor case, we will focus on Option 3 and 4.
In our contribution [2], we proposed master-slave structure. In master-slave structure, master UE acts like an eNB and manages the whole D2D group. In such a structure, there can be three types of synchronization: synchronization between master UE and slave UEs, synchronization among slave UEs and synchronization among master UEs.
Synchronization between master UE and slave UEs
As described in [2], in master-slave structure, master UE would send synchronization signal and common controls. In order to receive common control signal from master UE, slave UEs need to be synchronized with master UE. More specifically, UE's oscillator and radio frame timing are synchronized to master UE.
For discovery signal of small cell discussion, PSS/SSS and PRS are discussed. PRS requires at least rough synchronization before the accurate synchronization in order to limit reasonable level of the synchronization complexity. In option 5 of an external source, PRS based synchronization could be feasible. But if we assume no external source for indoor, PSS/SSS would be better candidate for the synchronization.
Synchronization among slave UEs
In [1], we proposed to further study whether to support master routing only or to support also slave-slave direct communication. If slave-slave direct communication is supported, it is necessary for slave UEs to know the timing different among slave UEs.If the timing difference is within normal/extended CP, no extra timing adjustment is necessary for slave-slave direct communication. Otherwise, slave UEs need to adjust the transmission timing according to the timing offset.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
Normal CP length is 4.7 usec. Therefore, if the range of one master-slave cluster is within 4.7×10-6×3×105 ~= 1.4 km, we can assume that the timing difference between two slave UEs would be within normal CP. Extended CP length is 16.7 usec. Therefore, if the range of master-slave cluster is within 16.7×10-6×3×105 ~= 5km. we can assume that the timing difference between two slave UEs would be within extended CP. If the timing difference is larger than normal/extended CP, extra scheme is necessary for slave UEs to know the timing offset among slave UEs. One approach is that slave UEs also transmit reference signal so that other slave UEs can measure the timing difference by detecting reference signal. The reference signal candidate could be PSS/SSS, PRS, CSI-RS and, CRS. 
Synchronization among master UEs
If communication among master UEs is supported for handover among D2D groups or communication between slave UEs belonging to different master UEs, synchronization among master UEs is also necessary. Since master UE cannot change the timing so easily as slave UEs are synchronized to master UE, master UE may be required to manage multiple timing, i.e. its own timing and synchronization to other UEs, if synchronization among master UEs is supported.
Proposal:
· Whether synchronization among slave UEs is necessary depends on whether slave-slave direct communication is necessray and the range of one master-slave cluster.
3 Summary

Based on the discussions above, we have following observations and proposals:
Proposal:
· Whether synchronization among slave UEs is necessary depends on whether slave-slave direct communication is necessray and the range of one master-slave cluster.
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