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1 Introduction
At RAN1 #74bis meeting, some working assumption was made on synchronization [1]:  
Working Assumption:

· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS

· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel

· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signalling

· Data

· others FFS

· A synchronization source is any node transmitting D2DSS 

· A synchronization source has a physical identity PSSID

· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

· Note: in RAN1#73, “synchronization reference” therefore means the synchronization signal(s) to which T1 relates, transmitted by one or more synchronization source(s). 

This contribution first analyzes synchronization for D2D communication in the partially-in-coverage scenario, then extends the analysis to the in-coverage scenario, and concludes with a common procedure for D2D synchronization. 
2 Synchronization Source(s) in Different Scenarios and Cluster Formation
There are both centralized and distributed mechanisms for synchronization, each having their own advantages and disadvantages as analyzed in [2] and [3]. In this section, under the assumption of centralized synchronization, a suitable synchronization source for a partially-in-coverage cluster is briefly analyzed. Following this, a discussion on the necessity of in-coverage cluster having a UE as cluster head is presented.
Here UEs synchronizing to one synchronization source form a cluster, and the synchronization source is a cluster head. Cluster and cluster head are concepts for physical layer synchronization purpose which is different from groups in higher layer [4]. 
If all the in-coverage UEs synchronize to the network, and those out-of-coverage UEs form out-of-coverage clusters, then there will not be a partially-in-coverage cluster. One issue may be that the UEs out-of-coverage but close to the boundary of network coverage may interfere with the in-coverage UE’s communication. In this case, such a partially-in-coverage cluster creating interference could eliminate the interference if the cluster is synchronized to network. Since the out-of-coverage UEs are not able to correctly receive an eNB’s signal, an in-coverage UE should behave as the synchronization source/cluster head by sending synchronization signal for other UEs in the partially-in-coverage cluster to follow. As a result, one or some UEs in coverage need to have the ability and privilege to be cluster head in order to manage the potential interference at the coverage boundary. 

One question is how does a UE become a cluster head. In general, an eNB may not know clearly which potential UE is located close to its coverage boundary, not to mention the existence of out-of-coverage UEs. Therefore, an eNB could blindly designate some in-coverage UEs to be cluster heads for potentially partially-in-coverage D2D communication. Or an in-coverage UE could request to be a cluster head in case of higher layer trigger or detecting a lower priority synchronization signal and so on. And in either case, a cluster head has to be in RRC-connected state for eNB to know its presence and to exchange messages.
In case of in-coverage, an eNB can easily provide a common timing for UEs camping inside the coverage and accordingly be the synchronization source for the UEs. Here the D2DSS is Rel-8 PSS/SSS as captured in the working assumption [1]. However, 
· If we look at the cell search procedure and random access procedure in cellular communication, the time synchronization to eNB on the downlink may only provide a very coarse time synchronization to support the D2D communication on the uplink. 
· Moreover, an active UE needs to maintain 2 uplink timings: one for cellular transmission (earlier one with TA adjustment) and one for D2D communication (later one aligned with cellular downlink). The two timings could be problematic when the UE is supposed to receive a D2D subframe (later one) first and then transmit cellular subframe (earlier one) in a continuous time instance. 

· For asynchronous eNB deployment, UEs in one cell wanting to communicate with UEs in another cell have to listen to the PSS/SSS of the neighbor cell, which may not always be practical. 
As a result, it is preferred to have some selected UEs (e.g., cluster head) in coverage to send synchronization signals on uplink resources for better coarse or even fine synchronization, simple timing maintenance(only one uplink timing), and for creating clusters based on proximity. In this case, as long as the UL synchronization signal is successfully detected, UEs associated to eNB 1 could join a cluster nearby whose cluster head is associated to a different eNB (eNB 2). One implication is that UEs at cell edge could join multiple clusters for direct communication, though each communication of course would be with respect to a single reference. 

Considering the analysis on cluster head in partially-in-coverage scenario and in-coverage scenario and the common understanding of constructing an out-of-coverage cluster, a common solution for all scenarios can be targeted to keep the D2D UE functionality as simple as possible: A UE with D2D communication in-coverage or out-of-coverage can search UL resources for synchronization signal. If none is detected, the UE would send a synchronization signal if it is out-of-coverage, or request to be a cluster head if in-coverage and then send synchronization signal as instructed by eNB.  

Proposal 1: Synchronization Reference of a cluster is according to one single UE at a time.
Proposal 2: Cluster head should be in RRC connected state when in coverage.
A cluster head provides both coarse synchronization and fine synchronization for the UEs inside (see companion contribution [5] for more details). The transmit power of D2DSS can be set by the eNB with which the cluster head is associated for a fully or partially in-coverage cluster so as to manage interference. While for clusters out-of-coverage, if no interference will be generated to (partially) in-coverage clusters, then the UEs can transmit at maximum power; alternatively, a predefined transmit power can also be used to meet the interference requirement of most cases. 
Proposal 3: Transmit power of synchronization signal should be decided by eNB when (partially) in coverage; max or predefined transmit power is used when out of coverage.  

3 Conclusion
This contribution discusses synchronization sources in different scenarios, and the following proposals are provided:

Proposal 1: Synchronization Reference of a cluster is according to one single UE at a time.

Proposal 2: Cluster head should be in RRC connected state when in coverage.

Proposal 3: Transmit power of synchronization signal should be decided by eNB when (partially) in coverage; max or predefined transmit power is used when out of coverage.  
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