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1. Introduction
In TR 36.843, working assumptions of synchronization for D2D communication are as follows:
Working assumption: Before starting to transmit D2DSS, a UE scans for D2D Synchronization Sources. 

· If a D2D Synchronization Source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS.

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D Synchronization Source.

· Details of under what circumstances a UE transmits D2DSS are FFS.

· If a UE transmits D2DSS, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2DSS are described in Section 7.2.2.

· If no D2D Synchronization Source is detected, a UE may nevertheless transmit D2DSS.

· A UE may reselect the D2D Synchronization Source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the D2D Synchronization Source(s). 

· Detailed rules FFS

Working assumption: If a UE transmits a D2D signal, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2D signal are

· D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs;

· D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage;

· After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, selection of D2D Synchronization Source is based on at least the following metrics:
· Received D2DSS quality: 

· For example, a UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· FFS whether to define the measurement for received D2DSS quality.

· FFS Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D Synchronization Source selection criterion.

· FFS on how D2D Synchronization Source type and stratum level can be carried by D2DSS/PD2DSCH.
Multi-hop D2D synchronization schemes are discussed in this contribution for in-coverage, partial coverage and out-of coverage scenarios. Simulation study is carried out for out-of coverage.
2 Synchronization Scheme in Partial Network Coverage
In the case of partial network coverage, when out-of-coverage UEs cannot synchronize to the network, they may interfere with in-coverage UEs’ communication. Hence it is beneficial for in-coverage UEs to relay synchronization reference acquired from the eNB to out-of-coverage UEs. 
One problem needs to be resolved is that under what circumstances a UE should transmit D2DSS. 
In our view, which UEs should relay the synchronization reference from eNB and how that is done should be fully controlled by eNB. Those in-coverage UEs who have data to broadcast should first send a request to eNB to get the relevant control information on how to relay the synchronization reference from eNB. It is up to the eNB implementation on how to select UEs to perform the D2DSS forwarding operation. However, a new UE-specific control signalling which can be carried by physical signalling or UE-specific RRC signalling should be introduced to semi-statically configure the time-frequency resources and the transmission periodicity of D2DSS/PD2DSCH, transmission power etc. 
Although the above eNB-controlled mechanism introduces significant control overhead, it would avoid potential waste of resources and minimize the uplink interference caused by D2DSS.
Proposal 1:  In partial network coverage, which and how in-coverage UEs would relay the synchronization reference from eNB should be fully controlled by eNB.
3. Synchronization Scheme out of network coverage
In case of out of network coverage, which and how UE should transmit the synchronization signal would depend on synchronization policy. In the following, we discuss two synchronization schemes.
3.1 Distributed Scheme
In distributed scheme, When the UE has data to broadcast, it would transmit D2DSS/PD2DSCH before data transmission and continue D2DSS/PD2DSCH transmission periodically during the data transmission session and terminate D2DSS/PD2DSCH transmission some time after D2D communication is finished. This scheme can ensure that: 1) at any time there is at least one UE in the group transmitting the synchronization reference; 2) to prevent too many UEs in the group from transmitting D2DSS
3.2 Hierarchical Scheme

For out of coverage, hierarchical structure of synchronization sources can be enforced by tabulating the stratum level, e.g., hop number that would accumulate as the original synchronization reference is forwarded from one UE to another. In some sense, it can be considered as an indication of the quality of the synchronization reference, besides the SINR of the received signal. The higher the stratum level, or the hop number, the more the propagation delay and frequency offset that would be accumulated, meaning the lower the quality of the reference. Note that while the stratum level has some relation with the SINR of the received signal, they in principle are different metrics, reflecting the different aspects of the quality of D2DSS. 
Hierarchical scheme would be very useful if UEs are stationary or slow moving, where stratum levels of UEs involved do not need to be updated frequently. However, with moderate to high mobility, the effectiveness of hierarchical approach would be significantly reduced when the update of stratum levels may not keep up with the change of distances between UEs.

In hierarchical scheme, some UEs in the group would transmit synchronization signal periodically. A very simple rule would be that a UE would only forward D2DSS when the SINR of its received D2DSS is beyond certain dB. 
3.3 Simulation results

Hierarchical scheme with all UEs transmitting D2DSS/PD2DSCH is simulated. It is observed that as the maximum number of hops increases, the performance starts to saturate. 
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Figure 1 Percentage of UEs that can be synchronized to any synchronization sources
4 Conclusion
Our suggestions are as follows:
Proposal 1:  In partial network coverage, which and how in-coverage UEs would relay the synchronization reference from eNB should be fully controlled by eNB.

Proposal 2:  Further study is needed in order to down selection from distributed and hierarchical synchronization schemes.
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Appendix

Simulation assumption

	Parameter
	Assumption

	Layout
	Option 5 Uniform，Indoor Hotspot Drop 
Hexagonal grid, 7cell sites, 3 sectors per site, wrap around

	Channel model
	According to TR 36.843 v0.2.0

	Carrier frequency
	700M Hz

	System bandwidth
	10 MHz

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	32 UEs/Sector

	period
	20ms

	UE noise figure
	9 dB

	UE association threshold
	-107dBm
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