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1 Introduction
In RAN1#74, generic methodologies and synchronization of D2D communication were discussed.  The following was agreed:  
· Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 
Aspects needing study/decision for D2D communication on D2D links are summarized as follows,
· Method for achieving synchronisation

· Method for scheduling / resource allocation

· Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 

· Under network coverage, are at least some of the D2D link transmissions scheduled?

· Whether any closed loop physical layer feedback is used, and if so, what (e.g. for support of HARQ, power control etc)

· Physical channel design: 

· Signal structure based on existing LTE signals/channels?

· If based on existing LTE signals/channels,

· is the D2D link based on existing UL signal structure and/or DL signal structure? 

· MCS selection 

· Power setting/control

· Handling of interference coordination

· Method of multiplexing between D2D and Uu

A guard period of 624Ts was agreed for both tx-rx and rx-tx switching of D2D half duplex operation.  Additional aspects of synchronization and timing for D2D communication for study/discussion are as follows:
· Synchronisation signal(s) design

· Resources used for synchronisation

· Which UEs need to transmit synchronisation signals

· Synchronisation procedure

· Synchronisation accuracy requirements

· Handling of timing advance when in (partial) network coverage
· Time required for AGC

This paper discusses the general considerations of synchronization and timing for D2D communication.
2 Synchronization and Timing for D2D Communication

D2D communication operates in half duplex mode, in which UEs will either Tx or Rx at any given time but not both regardless of if it is in LTE TDD or FDD spectrum.  Half duplex operation is extremely sensitive to peer-to-peer synchronization and timing in minimizing the guard period required in Rx-Tx switching.   
· Guard period - The guard period should be designed with consideration of propagation delay as shown in Figure 1.   Figure 1 shows an example of timing relation between Tx and Rx for 3-UE D2D group communication.    We can see from Figure 1 that additional guard time is required even if UEs could synchronize perfectly with a common reference time , such as the LTE DL subframe boundary.  The guard period for propagation delay depends on the UE power class, which determines the range of D2D communication.   The length of guard period also depends on the peer-to-peer synchronization error.    
Proposal 1: Additional guard period should be included in the physical channel design for D2D Communication to incorporate propagation delay.  
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Figure 1: Half duplex D2D timing with group communication between 3 UEs
· Synchronization signal(s) design and resources used for synchronization –   
Synchronization signals need to be designed with good auto-correlation property to allow the target UEs to fast detect and acquire the transmission time of the source UE through processing gain of correlated signals.  Synchronization signals should be a short sequence with large processing gain.   If more than one synchronization signals are used, good cross-correlation property of the synchronization signals is also important to minimize the cross-correlation between two synchronization signals.  The cross-correlation property between two synchronization signals should be examined when two synchronization signals are received asynchronously.   
Synchronization signals could be used as the signature sequence for initial detection and discovery.   The discovery signature with good auto-correlation and cross-correlation properties, such as U-PSS/U-SSS as proposed in [1], could be reused as the synchronization signals for D2D communication.  Moreover, the synchronization signals could also serve as discovery signatures for other Idle UEs not in D2D direct communication to discover.  
The resource allocation for the synchronization signals could be a fixed allocation of D2D radio resource or part of physical channel for D2D communication.   If synchronization signals are allocated at a fixed location, e.g., 1st 6 RBs of 1st symbol of configured/pre-configured D2D radio resource in a a subframe, the synchronization signals could also be used for discovery signatures. The other alternative is that the synchronization signals are part of REs in each D2D communication channel.  Synchronization signals should be orthogonal between different D2D communication channels.   
Proposal 2: UE-specific PSS/SSS type of discovery signatures should be considered as synchronization signals for D2D communication due to their good auto and cross correlation property.   

Proposal 3: Synchronization signals are allocated at a fixed preconfigured radio resources in each subframe and can serve as discovery signatures as well.    
· Synchronization procedure –
D2D communication is a peer-to-peer(s) communication.   The synchronization procedure is therefore a peer-to-peer(s) synchronization.   Since D2D broadcast is the baseline communication mode in Rel-12, the time of each D2D transmission could vary between D2D communication channel and between subframes.   There are no steady reference signals for synchronization.  Thus, D2D communication relies on one-shot detection and synchronization in both in and out-of-coverage scenarios.   One-shot detection and synchronization enables the target device to detect and acquire the timing of the transmitter from the source device in one subframe.   
Proposals 4: D2D synchronization procedure is a one-shot detection and synchronization in each subframe.   
· Synchronization accuracy requirements
D2D synchronization requires the UEs to acquire the received subframe timing from the transmitter instead of aligning the timing between a pair of UEs.  The challenge of D2D communication in Rel-12 is the dual mobility of transmitting and receiving UEs  and  baseline D2D communication based on broadcast.  The synchronization accuracy would be impacted by
· UE mobility

· Multipath fading channel – timing skewed by strong non-LOS componenet.

· Co-channel interference

· Possible collisions in resource contention.

In principle, D2D synchronization should be within a few sample time (Ts) in order to get good performance in demodulation.   However, D2D synchronization requirements should be studied in further detail later by RAN4.  

Proposal 5:  D2D synchronization accuracy should be studied by RAN4.   
· Handling of timing advance when in (partial) network coverage

The transmitting timing adjustment and the associated co-channel interference were analyzed in [3]

 REF _Ref368054136 \r \h 
[7] when D2D communications are in network coverage.  Additional timing adjustments on top of LTE network TA command are possible solutions to reduce cross interference between D2D communication and LTE WAN access.  

 Proposal 6:   Additional timing adjustments on top of TA commands should be considered for D2D timing to reduce co-channel interference between D2D communication and LTE UL access.   
3 Conclusions
This paper discusses the synchronization and timing aspects  of D2D communication.    We propose
· Proposal1: Additional guard period should be included in the physical channel design for D2D Communication to incorporate propagation delay
· Proposal 2: UE-specific PSS/SSS type of discovery signatures should be considered as synchronization signals for D2D communication due to their good auto and cross correlation property.   

· Proposal 3: Synchronization signals are allocated at a fixed preconfigured radio resource in each subframe and can serve as discovery signatures as well.    

· Proposals 4: D2D synchronization procedure is a one-shot detection and synchronization in each subframe
· Proposal 5:  D2D synchronization accuracy should be studied by RAN4.   

· Proposal 6:   Additional timing adjustments on top of TA commands should be considered for D2D timing to reduce co-channel interference between D2D communication and LTE UL access.   
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