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1
Introduction
In RAN1#76 [1], the following working assumption and proposals for D2D synchronization have been discussed.
Working Assumption:

· Synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage.
· After giving priority to synchronisation sources which are eNBs, followed by UEs within network coverage, selection of D2DSS for derivation of D2D transmission timing is based on at least the following metrics:
· Received D2DSS quality: e.g. A UE selects a D2DSS with a better received signal quality when all the other metrics are the same.
· 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 selection criterion.

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

· FFS on how synchronization source type and stratum level can be carried by D2DSS/PD2DSCH.

Proposal:

· Multi-hop synchronization is supported. When a UE is selecting its transmitter timing, the sources with timing reference derived originally from eNBs have higher priority than the sources with timing reference derived originally from UEs out of coverage
· An in-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-coverage source. 
· Such a transmission is under eNB control
· FFS: Maximum hop number (but is finite)
In this contribution, we organize these working assumption and proposals to propose the procedure and synchronization source selection scheme for D2D synchronization.
2
D2D Synchronization Procedure
From previous RAN1 meetings, D2D may operate in different scenarios of within, partial, and out of network coverage. In the scenario of all UEs within network coverage, from RAN1 #74bis and working assumption in RAN1#76, the eNB is given a higher priority as a synchronization source. In the scenario of partial coverage, it was proposed in RAN#76 that an in-coverage UE can transmit D2DSS in case that it detects a D2DSS from an out-of-coverage source. As a result, an out-of-coverage UE may receive multiple D2DSS’s from different UEs. In this case, in RAN1#76, synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage. If there are multiple D2DSS’s from UEs within network coverage, then selection of D2DSS may prefer the D2DSS with a better received signal quality and/or a smaller stratum level. In the scenario of out of network coverage, an out-of-coverage UE transmits D2DSS if there is no D2DSS being received. If a D2DSS or multiple D2DSS’s from other out-of-coverage UEs is received, a UE may select a D2DSS with a better received signal quality. Considering above possible D2D synchronization operations, the D2D synchronization procedure is proposed in Fig. 1.

· When a UE starts D2D operation, it detects synchronization signals from an eNB. If synchronization signals from an eNB can be detected, the UE synchronizes with the eNB with similar procedure of cell search.
· An in-coverage UE transmits D2DSS if it detects a D2DSS with synchronization source type that is a UE.
· If no synchronization signal from an eNB is detected, a UE (out of network coverage) synchronizes with an in-coverage UE, if the D2DSS from an in-coverage UE can be detected. If there are multiple D2DSS’s from different in-coverage UEs, the D2DSS with the smallest stratum level is selected. If there are multiple D2DSS’s with the smallest stratum level, the D2DSS with the highest signal strength (quality) is selected.
· If neither D2DSS from an eNB nor D2DSS from a UE is detected, a UE transmits D2DSS as a synchronization source.
· If a UE decides to transmit D2DSS, it transmits D2DSS with probability q at each D2DSS transmission instants. q prevents interference among D2DSS’s, if multiple D2DSS’s are transmitted at identical physical resource. q also provides energy efficiency in contributing D2DSS. This probability is independently held in each UE.
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Fig.1. Proposed D2D synchronization procedure.
Proposal 1. A D2D synchronization procedure is illustrated in Fig. 1.
3
Performance Evaluation
We adopt the simulation assumptions and parameters listed in Table I to evaluate the performance of D2D synchronization. In this simulation, the total number of UEs is 175. Fig. 2 and Fig. 3 show the timing differences among 175 UEs when the SINR threshold of D2DSS is 0 dB under different q. Among 175 UEs, there are 20 UEs within network coverage. Thus, it is assumed to be no timing difference between these 20 UEs and the eNB (timing difference is 0). Between any two UEs, it is assumed that if the SINR of D2DSS exceeds the SINR threshold, the transmitted D2DSS can be successfully detected by the receiver UE of D2DSS. For each UE out of network coverage, initial timing difference to eNB is uniformly distributed within [-5,5] ms.
Table I. Simulation assumptions and parameters for D2D synchronization
	Simulation assumptions/parameters
	Value

	Number of UEs
	175

	UE deployment
	Randomly deployed in a 1 km2 area 

	TX power of D2DSS
	23 dBm

	Bandwidth
	10 MHz

	Noise power density
	-174 dBm/Hz

	Path loss model
	PL = 43.3log10(d) + 11.5 + 20log10(fc)

(Indoor NLOS)

	Shadow fading std
	4 dB

	q
	0.2, 0.4

	SINR threshold of D2DSS
	0 dB

	D2DSS transmission period
	1 ms

	Timing refrence update period
	1 ms

	Number of UEs within network coverage
	20

	Measurement time 
	150 ms
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Fig. 2. Timing differences among UEs when SINR threshold=0 dB, q=0.2
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Fig. 3. Timing differences among UEs when SINR threshold=0 dB, q=0.4
In Fig. 2 and Fig. 3, we particularly highlight the measurement time when timing differences of all UEs are less than 3μs, which is an example indicating an acceptance D2D synchronization. From these results, we have the following observation.

Observation 1. UEs adopting D2D synchronization procedure in Fig. 1 are able to achieve D2D synchronization. 

4
Conclusion

In this contribution, we have the following proposal.
Proposal 1. The D2D synchronization procedure is illustrated in Fig. 1.

The proposed procedure can be a baseline for D2D synchronization.
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