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1. Introduction
After a series of feasibility study on device-to-device (D2D) proximity service, a working item has been agreed to proceed (1) D2D discovery in network coverage (intra-cell and inter-cell) and (2) D2D broadcast communication in network coverage (intra-cell and inter-cell), in partial network coverage, and outside network coverage [1][2]. The partial coverage network and outside network coverage scenarios apply only to public safety use. 
In RAN1#77, D2D synchronization procedure for both discovery and broadcast communication had been discussed and achieved some agreements as follows [3]:
Agreements on D2D synchronization source for partial coverage:

· 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

The contribution discusses several FFS issues in D2D re-synchronization procedure, especially for partial coverage. According to the agreements and discussion status (which refers to possible/proposed agreements in the last meeting), several proposals are presented to facilitate D2D synchronization for in and out of coverage UEs.  
2. D2D synchronization and re-synchronization in varied coverage
2.1 D2D synchronization scenarios 
Fig. 1 illustrates an overview example including all the D2D scenarios for D2D ProSe [1]. All scenarios 1A, 1B, 1C, and 1D could be addressed respectively as follows. 

· Scenario 1A: D2D transmission between UE#4 and UE#5 or between UE#5 and UE#6
· Scenario 1B: D2D transmission between UE#3 and UE#4 

· Scenario 1C: D2D transmission between UE#2 and UE#3 

· Scenario 1D: D2D transmission between UE#1 and UE#2 
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Fig. 1 An overview for in, partial, and out of coverage scenarios
In these scenarios, in-coverage UEs (i.e. UE#1, UE#2, and UE#3 in the figure) could have synchronization sources eNBs while out of coverage UEs (i.e. UE#4, UE#5, and UE#6 in the figure) wouldn’t have any eNB as synchronization source for their transmission reference. A mechanism to provide synchronization source is necessary, especially for out of coverage UEs. 
According to the above-mentioned agreements on D2D synchronization source for partial coverage, the set of D2DSS that can be transmitted by a UE is divided into two groups, D2DSSue_net and D2DSSue_oon. D2DSSue_net is a set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB. For instance, UE#1, UE#2, and UE#3 in the figure would make use of a D2DSSue_net sequence for their D2DSS transmission since their transmission timing refers to eNB. D2DSSue_oon is a set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB. For example, UE#4, UE#5, and UE#6 in the figure would make use of a D2DSSue_oon sequence as the D2DSS sequence while they need to transmit D2DSS. 
2.2 D2D synchronization and re-synchronization procedures
As a result from the categorization of D2DSS sequences into two different sets, UEs receiving a D2DSS can identify the source is from an in-coverage UE or from an out-of-coverage UE. When UE is out of coverage and detected a D2DSS in D2DSSue_net, whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither is FFS. In the figure, UE#4 could be the one out of coverage and having detecting a D2DSS in D2DSSue_net transmitted from UE#3. 
It is worthy to consider (i) how to split in and out of network D2D UEs as two different D2D communication groups, or (ii) how to attempt to include out-of-coverage UEs into in-network D2D communications. A question regarding to the two potential issues raises as: 

Whether an out-of-coverage, but nearby network UE, e.g. UE#4, should join in-network or out-of-network D2D communications.  

When the UE join out-of-coverage D2D communications, it transmission timing is not synchronized to network. Therefore, its D2D transmissions would be interference to the in-coverage D2D communications and to the cell-edge WAN UEs. Out-of-coverage UEs would form their D2D communications by using D2DSSue_oon. For example, UE#4, #5, #6, would form their own D2D communications. But their D2D transmissions might interfere UE#3’s D2D transmissions.  
On the other hand, when the out-of-coverage UE, detecting D2DSS in D2DSSue_net, would join the in-coverage D2D communication, the above-mentioned interference to in-coverage D2D communications could be eliminated. And the in-coverage D2D communications area would be enlarged to include out-of-coverage UEs. If the out-of-coverage UE, detecting D2DSS in D2DSSue_net, could further transmit a D2DSS in D2DSSue_net, then the in-coverage D2D communication area could be enlarged further. 
While we take account of potential interference from out-of-coverage D2D transmissions to the network and possible enlargement of in-coverage D2D transmissions to include out-of-coverage UEs, an out-of-coverage UE, e.g. UE#4, should transmits a D2DSS in  D2DSSue_net as synchronization reference for other out-of-coverage UEs, such as UE#5 and even UE#6. 
Proposal#1: When a UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_net. 

Based on the proposal#1, UE#5 might, after a certain time period for timing re-selection, also transmit a D2DSS in D2DSSue_net. Timing relay will happen automatically. 

If we consider this could be a means to extend in-coverage D2D transmissions to a possible enlarged range including some out-of-coverage UEs, we could sustain the design of D2D synchronization procedure at this point and do not further specify anything about hopping numbers. The in-coverage D2D communication area would be enlarged as far as possible. 
In case we would like to have a more systematic design to resolve timing issues in varied coverage. Additional information, transmitted explicitly or implicitly within the D2D synchronization signal, is an identification of the UE’s synchronization source. In light of the identification of synchronization source, out-of-coverage D2D UEs would be able to choose between different synchronization sources as its timing reference. 
Proposal#2: Include an identification of its synchronization source in D2D transmission or synchronization signals. 
Regarding to re-synchronization, an in-network UE might not need to worry about D2D synchronization, while an out-of-coverage UE should periodically check that whether there is an in-network D2DSS received. Once the out-of-coverage UE receives a D2DSS in D2DSSue_net, it should re-synchronize to the signal and transmit a D2DSS in D2DSSue_net as Proposal#1.
Identification for synchronization sources could be, for example, (1) synchronized to eNB and (2) synchronized to UE. With identification of synchronization source, receiving UEs could decide by themselves whether they would like to synchronize to it or not. Considering the priority of network and potential interference to network, out-of-coverage UE should reselect its synchronization reference to in-coverage UE’s D2DSS. 

Proposal#3: Out-of-coverage UEs should reselect its synchronization reference to in-coverage UE’s D2DSS if available. 

3. Conclusions

The contribution discusses FFS issues in D2D synchronization procedure required for in and out of coverage UEs. Several proposals are presented to facilitate D2D synchronization for partial coverage UEs.  

Proposal#1: When a UE is out of coverage and detected a D2DSS in D2DSSue_net, the UE transmits a D2DSS in D2DSSue_net. 

Proposal#2: Include an identification of its synchronization source in D2D transmission or synchronization signals. 
Proposal#3: Out-of-coverage UEs should reselect its synchronization reference to in-coverage UE’s D2DSS if available. 
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