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1 Introduction
At RAN#63, a new WID [1] on LTE Device to Device Proximity Services was approved: The objective of this work item is to enable device to device discovery in network coverage (intra-cell and inter-cell) and communication in network coverage (intra-cell and inter-cell), in partial network coverage and outside network coverage. Also captured in the WID was
“Specify synchronization procedure for inter-cell, in partial network coverage and outside network coverage [RAN1]”. 
This contribution analyzes synchronization for D2D communication in partial network coverage which may be extended to a group across cells, provides a solution for in-partial-network-coverage cluster formation and synchronization.   
2 Synchronization Procedure in Partial Network Coverage
It is beneficial if an out-of-network-coverage UE in an in-partial-network-coverage cluster can synchronize to the network indirectly via in-network-coverage UEs because:
· In-network-coverage UEs track their timing and frequency based on the eNB’s downlink transmissions, therefore an in-network-coverage UE is a better synchronization reference than an out-of-network-coverage UE, which has no reference to track. 
· Out-of-network-coverage UEs but close to the boundary of network coverage may interfere with the in-network-coverage UE’s communication. In this case, an in-partial-network-coverage cluster synchronized to network could mitigate the interference. 

· An in-network-coverage cluster may have to split into multiple clusters if some of UEs lose connection with network due to mobility. One example was given in [2]: a firefighter group first synchronizes to network, some members of the group may enter into the building and lose the signal of network (out of network coverage) while the other members can still hear the network (in network coverage). In this case, all the UEs in the group can still maintain the synchronization acquired from eNB to facilitate communication other than retune to a new synchronization source. 
Since the out-of-network-coverage UEs are not able to receive an eNB’s signal correctly, an in-network-coverage UE could behave as the synchronization source/cluster head by sending synchronization reference acquired from the eNB for out-of-network-coverage UEs. As a result, one or some in-network-coverage UEs need to have the ability to send a synchronization signal at the network coverage boundary when needed.

One question is how an in-network-coverage UE decides to send synchronization signal. In general, an eNB may not know which potential in-network-coverage UE is located close to its coverage boundary, not to mention the presence of out-of-network-coverage UEs. Thus, one possibility is that an eNB could randomly designate some in-network-coverage UEs to become cluster heads for potential in-partial-network-coverage D2D communication. Another possibility is an in-network-coverage UE could request to be a cluster head after detecting a lower priority synchronization signal. 
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Figure 1. One possibility of an in-partial-network-coverage cluster formation
Continuing the firefighter team example, once those UEs fail to detect network signal, they may send a waking signal to trigger the nearby in-network-coverage UEs to relay synchronization obtained from eNB. 
· The waking signal could be particularly designed such that it accelerates link reestablishment with the other UEs in the cluster and initiates in-partial-network coverage cluster formation; 

· The waking signal can simply be a synchronization signal to reduce standardization effort.

If multiple in-network-coverage UEs report detection of a waking signal, eNB may designate which UE/UEs to send the synchronization signal based on mobility, UE traffic load, etc. A UE may only need to track one synchronization source/reference at a time, but update its synchronization source with periodic searches.
In order to distinguish an in-network-coverage UE, the synchronization level may need to be classified based on synchronization accuracy and stability, which may be determined by source type and number of hops. For example, eNB has the highest priority; synchronization reference from a UE without GPS to follow has lower priority at least than one-hop relayed synchronization obtained from an eNB. And the accuracy may become worse in some degree with more hops [3]. Note that there should be a receive power threshold(s) to measure a reliable D2DSS (If the receive power of a D2DSS is strong enough to be a synchronization reference, it does not make a difference to be even stronger).
The priority level information can directly be carried by the synchronization signal to save the effort of detection of higher synchronization signal, or by the synchronization message if there is any, or be conveyed by the size of resources for synchronization signal [4]. 
This mechanism may easily be extended to in-network-coverage groups across asynchronous cells (to trigger UEs in neighboring cells to relay their eNB’s synchronization for communication) and out-of-network-coverage UEs as well.  
Proposal 1: 
· The sources with timing reference derived originally from eNBs have higher priority than the sources with timing reference derived originally from UEs out of network coverage
· An in-network-coverage UE can transmit D2DSS with the timing of D2DSS derived from the eNB of the cell that the UE is camping on, in case that it detects a D2DSS from an out-of-network-coverage source. 
· Such a transmission is under eNB control 
3 Conclusion
This contribution first analyzes synchronization for D2D communication in the in-partial-network-coverage scenario which may be extended to group across cells, and provides a solution for in-partial-network-coverage group formation and synchronization.
Proposal 1: 
· The sources with timing reference derived originally from eNBs have higher priority than the sources with timing reference derived originally from UEs out of network coverage
· An in-network-coverage UE can transmit D2DSS with the timing of D2DSS derived from the eNB of the cell that the UE is camping on, in case that it detects a D2DSS from an out-of-network-coverage source. 
· Such a transmission is under eNB control
References
[1] RP-140518, “New Work Item: LTE Device to Device Proximity Services”. Qualcomm, RAN#63, Mar. 3-6, 2014.
[2] R1-135042, “Public safety usage and impacts on synchronization”, EADS, RAN1#75, Nov. 11-15, 2013.
[3] 3GPP TS 36.101 V12.2.0
[4] R1-140050, “Considerations of D2D Communication”, Huawei, HiSilicon, RAN1#76, Feb. 10-14, 2014.
























PAGE  
1/3

