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1. Introduction
In previous meeting, several aspects of synchronization / timing needing study / decision are identified as follows [1]: 
Aspects of synchronisation / timing needing study / decision:

· 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

· Need for and size of guard periods for tx/rx switching

· Agreement: Assume 624Ts for both tx-rx and rx-tx switching. 

· Time required for AGC

This contribution addresses these aspects of synchronization while D2D operates 1) out of network coverage, 2) under network coverage and 3) partially under network coverage.  
2. Discussion
2.1 Out of network coverage
While all D2D UEs are out of network coverage, transmissions can be all contention-based and there might be no reference timing within D2D operation. Synchronization for D2D operations between devices will rely mainly on synchronization signal.  
Fig. 1 shows that all D2D UEs are not in coverage of network. In this case, interference from eNB to these D2D UEs is limited because it is called out of network coverage. 
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Fig. 1  Out of network coverage
In the case of out of network coverage, a synchronization signal should be designed to support AGC detection, and coarse and fine time and frequency estimation.  A given sequence with regular repetition can serve for these purposes. The synchronization can be transmitted in front of control/data. Other D2D UEs can detect signal and achieve synchronization  to prepare receiving for following control or data.  This kind of 
Proposal #1: A synchronization signal designed as a given sequence with regular repetition can serve for AGC, coarse and fine timing and frequency synchronization in case of out of network coverage. 
2.2 Under network coverage
Under network coverage, scheduling of radio resource ought to be control by network (i.e. eNB). At least radio resource used for D2D link transmissions are scheduled by eNB. In case all D2D UEs are under network coverage, it is possible to schedule all D2D transmission/reception of each UE by eNB. 
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Fig. 2  Under network coverage
In this case D2D UEs connecting eNB have obtained time and frequency synchronization with the eNB. DL/UL timing/frequency of eNB can be used as a reference for D2D operation. There is less no need to have a synchronization signal serving for coarse timing and frequency synchronization. Accordingly, no synchronization signal is needed and a reference signal serves for demodulation can facilitate fine frequency synchronization for signal receiving.  

Proposal #2: No synchronization signal is needed in case of under network coverage. 
2.3 Partial under network coverage
Fig. 3 illustrates a possible situation that partially D2D UEs are under network coverage, but the others are not. Under network coverage, scheduling of radio resource could be control by network (i.e. eNB) and there is a reference to eNB’s DL/UL timing.  But for those D2D UEs out of network coverage, how to schedule radio resource between them become an issue to resolve. 
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Fig. 3  Partially under network coverage
Considering some D2D UEs are out of network coverage, a synchronization signal to serve for AGC, coarse and fine timing and frequency synchronization can be used in the case of partially under network coverage. 
Proposal #3: A synchronization signal to serve for AGC, coarse and fine timing and frequency synchronization can be used in the case of partially under network coverage. 

3. Conclusions

This contribution addresses these aspects of synchronization while D2D operates 1) out of network coverage, 2) under network coverage and 3) partially under network coverage.  Our proposals for each situation of D2D operations are as follows: 
Proposal #1: A synchronization signal designed as a given sequence with regular repetition can serve for AGC, coarse and fine timing and frequency synchronization in case of out of network coverage. 

Proposal #2: No synchronization signal is needed in case of under network coverage. 
Proposal #3: A synchronization signal to serve for AGC, coarse and fine timing and frequency synchronization can be used in the case of partially under network coverage. 
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