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1. Introduction
Agreement:[1]
· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 

· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm

· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source

· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronization source are FFS

Some schemes of D2D synchronization procedure are discussed in this contribution for out-of coverage scenarios. 
2. Synchronization Schemes for out of Network Coverage 
In the following, we discuss two synchronization schemes.
2.1 Distributed Scheme [2]
In distributed scheme, when a UE has data to broadcast, it would transmit D2DSS/PD2DSCH before data transmission and continue D2DSS/PD2DSCH transmission periodically during the data transmission 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, thus saving the transmitting power of UEs.

2.2 Hierarchical Scheme

For out of coverage, hierarchical structure of synchronization sources can be enforced by tabulating the stratum level, e.g., hop number. The hop number keeps adding up 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, in addition to the received SINR. The higher the stratum level, or the hop number, the more the propagation delay and frequency offset that may have accumulated, meaning the lower the quality of the reference. Note that while the stratum level has some relation with the received SINR, these two in principle are different metrics, reflecting different aspects of D2DSS.
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. There can be two strategies on which UEs should relay the D2DSS:
1)   All UEs transmit D2DSS periodically
2) Only UEs at the edge of a group would transmit D2DSS. Two RSRP thresholds can be defined. The lower one is to determine whether a UE can elect itself to be an independent synchronization source. The higher threshold is the limit beyond which a UE should not forward D2DSS.
Hierarchical scheme may be useful if UEs are stationary or slowly moving, where stratum levels of D2DSS would not need to be updated frequently. However, when UEs are fast moving in various directions, such hierarchical synchronization structure may lose its stability in this dynamic environment, simply due to the frequent update of hop counts of many UEs. In addition, there ought to be rule on how a UE will do if it has data to transmit, yet the hop count of its received D2DSS already reaches the max hop count allowed. According to current understanding of hierarchical scheme, the UE cannot forward D2DSS anymore. But in order for other UEs to receive the data with correct timing, this UE needs to transmit D2DSS. As shown in Fig. 1, if UE3 detects D2DSS from UE2 with the max hop count and has data to transmit. Effective solutions are needed to solve this issue.
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Figure 1 An example of the issue of hierarchical scheme
2.3 Simulation results
Both hierarchical scheme and distributed scheme are simulated as shown in Fig. 2 to Fig. 5. Curves of hierarchical scheme are based on the strategy that all UEs would transmit D2DSS. Simulation parameters are listed in the Appendix. 
For hierarchical scheme, it is observed that as the maximum number of hops increases, the performance starts to saturate. It is also seen that by increasing the number of tracked synchronization sources (with timings distinguishable at the receiver), more UEs can be synchronized. Note that a UE generally requires more processing power to simultaneously track multiple timing references.
For distributed scheme, it is more of interest to look into large numbers of hops as the scheme allows un-bounded number of forwarding by UEs as long as they have data to transmit. In uniform scenario, the performance of distributed scheme is slightly worse than that of hierarchical scheme. However, in hot-spot scenario, their performances are comparable.
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Figure 2 Percentage of UEs that can be synchronized, uniform scenario, hierarchical scheme, all UEs transmit D2DSS
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Figure 3 Percentage of UEs that can be synchronized, uniform scenario, distributed scheme
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Figure 4 Percentage of UEs that can be synchronized, hot-spot scenario, hierarchical scheme, all UEs transmit D2DSS
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Figure 5 Percentage of UEs that can be synchronized, hot-spot scenario, distributed scheme
Proposal 1:  Distributed synchronization scheme is recommended for out-of-coverage scenario.
3. Conclusion
Our suggestion is as follow:
Proposal 1:  Distributed synchronization scheme is recommended for out-of-coverage scenario.
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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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