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1 Introduction
In RAN1#74bis, D2D working assumptions on synchronization signals and synchronization sources for D2D communication were made as follows:   
· 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 paper discusses the design aspects of synchronization signals for D2D communication.
2 Synchronization Design for D2D Communication

D2D communication operates in half duplex mode and both UEs are in mobility.  When both transmitter and receiver are in mobility with half duplex operation, the propagation delay and multipath radio channel would change the reference timing of received signals rapidly between one time instance and next time instance.  This would make the time tracking at the receiver very challenging.  In particular, time tracking for D2D broadcast mode for group communication would be challenging since the source of the transmissions would change with time as shown in Figure 1.    Thus, synchronization signals would need to be used for timing acquisition and detection of D2D communication packets.       
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Figure 1: Examples of half duplex D2D timing with group communication between 3 UEs
D2D communication is a peer-to-peer(s) communication.   The receivers of D2D communication rely on snapshot detection of synchronization signals from the transmitter.  In RAN1#74bis, PD2DSS/SD2DSS was agreed as the synchronization signals with good auto-correlation property to allow the target UEs to quickly acquire the transmission time of the source UE through processing gain of correlated signals.  PD2DSS and SD2DSS also have good cross-correlation property among different sequences of PD2DSS/SD2DSS with asynchronous reception at the receiver.   Good cross-correlation property between two synchronization signals received asynchronously would minimize cross-interference and improve the detection of received signals when different PD2DSS/SD2DSS sequences are selected by UEs to be transmitted in the same radio resource.   With good cross-correlation properties of PD2DSS/SD2DSS, the resource allocation for the synchronization channel would be beneficial at a fixed allocation of D2D radio resource, e.g., Center 12 RBs of 1st symbol of configured/pre-configured D2D radio resource as shown in Figure 2, in a a subframe or part of physical channel for D2D communication.   If synchronization signals are allocated at a fixed location, the synchronization signals could also be used for discovery signatures.  The other alternative is that the synchronization signals are part of the REs in each D2D communication channel.  Synchronization signals should be orthogonal between different D2D communication channels.   

 Advantages of using fixed radio resources for D2D synchronization channels are as follows,

· Overhead reduction – synchronization channel is an overhead to D2D communication.  Good asynchronous cross-correlation property of PD2DSS/SD2DSS sequence allows the receiver to extract the desired PD2DSS/SD2DSS signals from multiple PD2DSS/SD2DSS transmissions multiplexed on same radio resource.   One or two synchronization channels should be sufficient for carrying synchronization signals of all D2D channels within a subframe
· Synchronization signals used as the indication of resource allocation of D2D communication channels – The detection of synchronization signals could be used as the pointer to derive the radio resource allocation for D2D communication channel.   This allows autonomous resource allocation without a central controller.  

· Minimal hypothesis testing of detection – The receiving UE would need to detect and decode the synchronization channel at one or two fixed locations.   Compared to dynamic resource allocation of the synchronization channel, such as D2D synchronization channel associated with D2D communication channel, each receiver needs to know exact the resource allocation.  Otherwise, D2D receiver needs to search for all possible locations

Drawbacks of using a fixed radio resource for D2D synchronization channel are as follows,

· Near-far effect – It is a typical problem for CDM type of signal multiplexing when the interference source is much closer to the desired signals.  The interference rejection capability of PD2DSS/SD2DSS through processing gain would be degraded with near far effect. 
· Higher collision probability of UE selecting same PD2DSS/SD2DSS sequence whn selection of PD2DSS/SD2DSS sequence is random at the fixed resource allocation.   However, the collision probability could be reduced if the selection of PD2DSS/SD2DSS sequence is not random, such as derivation by UE ID or RNTI.  

In summary, D2D synchronization channel allocation at a fixed resource allocation in each subframe has more benefits than drawbacks.   
Proposal 1: Synchronization signals are allocated at a fixed preconfigured radio resources in each subframe and can serve as discovery signatures as well.    
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Figure 2: Fixed resource allocation for D2D Synchronization Channel
3 Conclusions
This paper discusses the resource allocation of synchronization signals for D2D communication.    We propose
· Proposal1: Synchronization signals are allocated at a fixed preconfigured radio resource in each subframe and can serve as discovery signatures as well.    
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