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1 Introduction
This paper addresses synchronization for D2D discovery and tries to establish basic UE requirements related to synchronization for D2D discovery.  
2 Discussion
2.1 Basic requirements

It is fundamental requirement for wireless communication that transmitting UE and receiving UE should be ‘synchronized’ for transmission direction and receiving direction. 
In D2D discovery, since announcing UEs and monitoring UEs may be located in same or different cells, synchronization is a critical issue as different location and/or different cells in general mean different timing references assumed by the UEs for normal transmission/reception. To enable D2D discovery in intra-cell discovery and inter-cell discovery scenarios, we propose the following two general principles for synchronization of D2D discovery.   

Proposal 1
For transmission of discovery signal, announcing UE should be synchronized with a serving cell-related sync source. 

For transmission of D2D discovery signal, it is easy to get synchronized with serving cell sync source as in general serving cell sync source is strongest, and following the strongest sync source would minimize potential interference that might be incurred by synchronization error. 

For monitoring (reception) of D2D discovery signal, UE needs to get synchronized to the sync source which announcing UE is utilizing. If announcing UE is in the same cell as monitoring UE, synchronization to the serving cell works, and if the announcing UE is in different cell which monitoring UE is camping on, synchronization to serving cell does not work when synchronization is exactly aligned, and UE is required to be synchronized to the neighbor cell which announcing UE is camping on. 
Proposal 2
For monitoring of discovery signal announced in a target cell (note that a target cell can be a serving or neighbor cell), monitoring UE should be synchronized with a target cell-related sync source, where the target cell is the cell where potential announcing UEs may exist.
2.2 Synchronization source for D2D discovery
Then the next questions should be what the serving cell-related sync source and target cell-related sync source that can be used for D2D synchronization. 

Intra-cell D2D discovery
For intra-cell D2D discovery, serving cell’s PSS/SSS can be used as synchronization source among announcing UEs and monitoring UEs.

Proposal 3
Serving cell-related sync source for D2D synchronization is a downlink sync signal (PSS/SSS) of a serving cell. 

Inter-cell D2D discovery
For inter-cell D2D discovery, the target cell’s PSS/SSS can be used as synchronization source. 
Proposal 4
Target cell-related sync source for D2D synchronization is a downlink sync signal (PSS/SSS) of the target cell. 
However, it is expected that not many UEs can decode neighbor cell’s sync signal(PSS/SSS); while UE in cell border may decode neighbor cell’s sync signal (PSS/SSS), it is not likely that UEs in cell center also decodes neighbor cell’s sync signal due to strong interference. To better support inter-cell D2D discovery, new sync signal/channel for D2D can be designed, and this is currently on-going issue in RAN1. With the new sync channel, UE can transmit sync signal, before announcing discovery signal, where the new sync channel may utilize different resources from that of network-provided sync signal (PSS/SSS). 

Proposal 5
FFS whether new sync source (e.g. UE-generated sync source) for D2D should be defined to better support inter-cell D2D discovery. If defined, this sync source should be synchronized with its serving cell 
3 Conclusion

Proposal 1
For transmission of discovery signal, announcing UE should be synchronized with a serving cell-related sync source. 
Proposal 2
For monitoring of discovery signal announced in neighbor cell, monitoring UE should be synchronized with a neighbor cell-related sync source, where the neighbor cell is the cell where potential announcing UEs may exist.

Proposal 3
Serving cell-related sync source for D2D synchronization is a downlink sync signal (PSS/SSS) of a serving cell. 

Proposal 4
Target cell-related sync source for D2D synchronization is a downlink sync signal (PSS/SSS) of the target cell. 
Proposal 5
FFS whether new sync source (e.g. UE-generated sync source) for D2D should be defined to better support inter-cell D2D discovery. If defined, this sync source should be synchronized with its serving cell 
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