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1. Introduction
D2D synchronization process is needed for any D2D transmission between UEs. After the previous discussion on D2D synchronization procedure in D2D WID, the agreements and observations are listed below.
Agreement:
· For selection of a timing reference D2D synchronization source

· The same prioritization rules should be applied for selection and reselection of the synchronization sources

· D2DSS of synchronization source derived from eNB is different to D2DSS of synchronization source not derived from eNB
Observation:

· FFS on the reselection details including

· When a UE changes its reference synchronization source

· How a UE is provided with time to scan any change on the synchronization sources

· This includes the case where a UE re-evaluates whether to become or remain an independent synchronization source
· Synchronization signal quality
In this contribution, we further discuss the D2D synchronization procedure for synchronized transmission of D2D discovery and communication signal.
2. Discussion
2.1. Synchronization procedure design
According to current working assumption, for a D2D UE detecting multiple D2DSS, it would first select its reference synchronization source according to synchronization source type of D2DSS. If the type is the same, selection of synchronization source can be based on receiving power of D2DSS and possibly stratum level of D2DSS. In this section, we discuss the detailed synchronization procedure for different coverage scenarios, and a unified D2DSS selection criterion is proposed to be applied to all coverage cases. For in-coverage scenarios, the serving eNB has highest priority and the procedure is not needed to be discussed.
Out-of-coverage scenarios
In out-of-coverage scenarios, three different synchronization procedures can be considered for further D2DSS selection among synchronization sources with the same type. It is noted that stratum level is set to 0 for UEs as ISS in following discussions. Stratum level increases with hop by step of 1 until it reaches the maximal value.
· Option 1: 
· The maximal hop number of a synchronization reference is limited to N.
· The stratum level of a D2DSS transmission is equal to its ongoing hop number-1 and hop number is counted 1 for ISS UE to UE.
· Each UE determines its timing reference for D2DSS transmission according to detected D2DSS with lowest stratum level under the same source type. 
· When the stratum level is the same, the D2DSS with higher receiving power has higher priority.
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Figure 1: Synchronization procedure for Option 1 (N=3 as example)
· Option 2: 
· The maximal hop number of synchronization reference is not limited.
· The maximal stratum level of a D2DSS is limited not larger than N-1 and N is a certain hop number.
· When a D2D UE transmits D2DSS with hop number larger than N, the corresponding stratum level would keep to be N-1. 
· The D2DSS selection criterion is the same as that of Option 1.
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Figure 2: Synchronization procedure for Option 2 (N=3 as example)
· Option 3: 
· The maximal hop number of synchronization reference is not limited. 
· The timing reference for D2DSS transmission of a D2D UE follows the detected D2DSS with highest receiving power. 
· No stratum level is defined.
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Figure 3: Synchronization procedure for Option 3
To further study these different mechanisms, system level simulation is performed on the number of different transmission timings in out-of-coverage scenarios. The simulation is based on Layout Option 5 in [2] with different UE distributions. The UEs are dropped one by one and periodically detect D2DSS from other UEs once dropped. A receiving power threshold of -112dBm is used for detection of synchronization signal (corresponding to SNR=-7dB for 6PRBs bandwidth and 23dBm transmission power). Only the D2DSS with receiving power higher than the threshold can be detected and may be used to acquire transmission timing reference. For a dropped UE, if no D2DSS is detected, it becomes an ISS and transmits D2DSS to neighboring UEs by its own timing with stratum level equal to 1. However, if it detects D2DSS from other ISS after that, whose hop number is smaller than the maximal value, it can remain its own synchronization (defined as Behavior A) or follow the synchronization of the detected D2DSS (defined as Behavior B). Both behaviors are simulated for uniform UE distribution as shown in Table 1 and Table 2. Table 3 and Table 4 show the results with other UE distributions.

Table 1: Number of different Tx timings (Option 5, all outdoor UEs, uniform distribution, Behavior A)
	Options
	Tx Power
	N=2
	N=3
	N=4

	Option1
	23dBm
	70
	21
	17

	
	31dBm
	30
	7
	7

	Option2
	23dBm
	17
	17
	17

	
	31dBm
	7
	7
	7

	Option3
	23dBm
	17

	
	31dBm
	7


Table 2: Number of different Tx timings (Option 5, all outdoor UEs, uniform distribution, Behavior B)
	Options
	Tx Power
	N=2
	N=3
	N=4

	Option1
	23dBm
	56
	9
	7

	
	31dBm
	26
	2
	2

	Option2
	23dBm
	17
	7
	7

	
	31dBm
	7
	2
	2

	Option3
	23dBm
	17

	
	31dBm
	7


Table 3: Number of different Tx timings (Option 5, all outdoor UEs, hotspot distribution, Behavior B)
	Options
	Tx Power
	N=2
	N=3
	N=4

	Option1
	23dBm
	54
	7
	6

	
	31dBm
	34
	3
	3

	Option2
	23dBm
	16
	6
	6

	
	31dBm
	9
	3
	3

	Option3
	23dBm
	17

	
	31dBm
	9


Table 4: Number of different Tx timings (Option 5, 2/3 outdoor UEs, Behavior B)
	Options
	Tx Power
	N=2
	N=3
	N=4

	Option1
	23dBm
	700
	123
	86

	
	31dBm
	496
	68
	64

	Option2
	23dBm
	137
	86
	85

	
	31dBm
	73
	64
	63

	Option3
	23dBm
	151

	
	31dBm
	79


The observations from the results:

· For Option 1, with more hops of synchronization reference, the number of Tx timing can be significantly reduced.

· For Option 2, the number of Tx timing with N=3 and N=4 is similar, both of which are smaller than that with N=2.

· For Option 1 and 2, allowing an ISS to follow the synchronization of other synchronization sources can further reduce the number of Tx timings. But for Option 3, the number of Tx timing can’t be reduced by Behavior B. Since UEs select synchronization source only according to receiving power, even when the original ISS disappears, nearby UEs following its synchronization would still hold the original timing by detecting D2DSS from each other (similar case for Option 2 with N=2).

Due to the limited simulation range and UE dropping method, Option 2 cannot show benefits compared to Option 1 when N is large since there are few UEs in the coverage of  N>3 in simulation. However, in actual D2D transmission scenarios, D2DSS with N>3 would appear more frequently and the number of ISSs as well as different transmission timing could also be reduced via Option 2 compared to Option 1. 
Compared to stratum level based selection (Option 2), power based selection (Option 3) would not only increase the number of Tx timing in the system, but also cumulate larger synchronization error due to larger hop number. Here we also summarize the percent of D2DSS with different hop number in one of the above simulation cases, and the results are summarized in Table 5. It can be found that with Option 3, the hop number of most D2DSS is larger than 4, and the maximal hop number is even 16. With Option 2, the hop number of most of the D2DSS is close and steady synchronization can be kept at least in each distributed synchronization area. As an example, we can also find in Figure 3 that UE4 and UE5 needs one more hop with Option 3 than Option 2.
Table 5: the percentage of D2DSS with different hop number (Option 5, all outdoor UEs, uniform distribution)
	Options
	Max hop
	1 hop
	2 hop
	3 hop
	4hop
	>4hop

	Option 1 (N=3)
	3
	0.2% (21)
	78.2%
	21.6%
	0%
	0%

	Option 2 (N=3)
	5
	0.2% (17)
	66.7%
	33%
	0.05%
	0.05%

	Option 3
	16
	0.2% (17)
	1.3%
	3.8%
	7.7%
	87%


To summarize, for less Tx timing and more steady synchronization, it is preferred to use Option 2 as synchronization procedure in addition to current working assumption. Furthermore, to reduce the potential overhead to indicate the stratum level, and also reduce the synchronization resources for D2D [1], the maximal stratum level is proposed to be 2 (corresponding to N=3).
Proposal 1: The synchronization procedure in out-of-coverage scenarios is:
· Stratum level is used for a D2D UE to select reference synchronization source.
· No limit to the actual hop number of synchronization reference derived from ISS, but the maximal stratum level is limited to 2.
· The stratum level of D2DSS transmitted by ISS is set to be 0.
· When an ISS detects the D2DSS from other ISSs or eNB via one or multiple hops, it can follow the synchronization of the detected D2DSS.
Partial coverage scenarios

eNB and UEs within coverage has higher priority than out-of-coverage UEs as synchronization sources. Nevertheless, it is unclear whether out-of-coverage UEs synchronized to eNB via multiple hops (e.g. UE2 in Figure 4) also has higher priority than other out-of-coverage UEs synchronized to ISS UEs. In partial coverage scenarios, if the priority is not given to this type of UEs, the synchronization coverage of eNB would be limited to the extended coverage area in Figure 4. There would be many ISSs with independent Tx timing out of this synchronization coverage, which is not expected from the aspects of synchronized transmission/reception and synchronization tracking. To ensure common synchronization as much as possible in partial coverage scenarios, the out-of-coverage UEs whose original synchronization sources are eNB could have higher priority than those whose original synchronization sources are ISSs. Also, it is not needed to limit the hop number in this scenario.
Similar to out-of-coverage scenarios, stratum level based synchronization source selection can also be adopted in partial scenarios. On one hand, stratum level can be used to distinguish in-coverage UEs (whose level is set to 0) and out-of-coverage UEs. On the other hand, allowing UE to synchronize to synchronization source with lower stratum level can reduce the hop number of D2DSS in this scenario like the above analysis in out-of-coverage scenario. The example can be found in Figure 4. The same synchronization mechanism as out-of-coverage scenarios, including the same limitation to the number of stratum level, can also simplify the synchronization procedure design and synchronization resource allocation [1].
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Figure 4: Stratum level based synchronization in partial scenario (N=3 as example)
Proposal 2: The synchronization procedure in partial coverage scenarios is:

· Stratum level is used for a D2D UE to select reference synchronization source.
· No limit to the actual hop number of synchronization reference derived from eNB, but the maximal stratum level of D2DSS is limited to 2.
· The stratum level of D2DSS transmitted by in-coverage UEs is set to be 0.
Summarized D2DSS selection criterion
Based on the above analysis, we propose the following criterion for selection of synchronization reference in addition to the current agreement and working assumption.
Proposal 3: The following criterion is additionally used for selection of synchronization reference.

· D2DSS of D2D Synchronization Sources derived from eNB have a higher priority than D2DSS of D2D Synchronization Sources derived from UE;
· The D2DSS with lower stratum level has higher priority than the D2DSS with higher stratum level if the synchronization type is the same.
· The maximal stratum level of D2DSS is limited to 2.
· The stratum level of D2DSS transmitted by ISS and in-coverage UEs is set to be 0.
· The D2DSS with higher receiving power has higher priority than the D2DSS with lower power if synchronization type and stratum level are the same.
2.2. Mechanism to change reference synchronization source
Based on the above criterion, the reference synchronization source of a D2D UE may change due to mobility or some unexpected conditions (e.g. the battery of a synchronization source is exhausted). For in-coverage UEs, the reference synchronization source is the serving eNB, and the change of reference synchronization source can follow the process of cell switching/reselection. Before the D2D UE finishes the cell switching/reselection process, its D2D transmission can use the target cell synchronization reference, previous synchronization reference or be suspended depending on RAN2 defined procedure. Since a D2D UE is not likely to change cell frequently, the impact to D2D traffic is negligible.
For an out-of-coverage UE, there may be multiple synchronization clusters around, and the synchronization source would change more frequently. When a D2D UE reselects its reference synchronization source, the synchronization of its D2D traffic may also change. Then the receiver would lose the synchronization of the transmitter for some time, which would lead to traffic breakout until the receiver detects the synchronization (D2DSS) of the transmitter again. To avoid this as much as possible, a D2D UE is not expected to reselect its reference synchronization source too frequently even when it can continually track the change of neighboring synchronization sources. The smallest interval between reselection process should be restricted for out-of-coverage UEs.
Proposal 4: To ensure the traffic continuity, an out-of-coverage UE is only allowed to reselect its reference synchronization source in a long-time manner.

3. Conclusion
In this contribution, synchronization procedure is designed based on current agreement and simulation results. How UE transmits synchronization signal and when UE can reselect its reference synchronization source are discussed. The proposals are summarized as follows:
Proposal 1: The synchronization procedure in out-of-coverage scenarios is:

· Stratum level is used for a D2D UE to select reference synchronization source.
· No limit to the actual hop number of synchronization reference derived from ISS, but the maximal stratum level is limited to 2.
· The stratum level of D2DSS transmitted by ISS is set to be 0.
· When an ISS detects the D2DSS from other ISSs or eNB via one or multiple hops, it can follow the synchronization of the detected D2DSS.
Proposal 2: The synchronization procedure in partial coverage scenarios is:

· Stratum level is used for a D2D UE to select reference synchronization source.
· No limit to the actual hop number of synchronization reference derived from eNB, but the maximal stratum level of D2DSS is limited to 2.
· The stratum level of D2DSS transmitted by in-coverage UEs is set to be 0.
Proposal 3: The following criterion is additionally used for selection of synchronization reference.

· D2DSS of D2D Synchronization Sources derived from eNB have a higher priority than D2DSS of D2D Synchronization Sources derived from UE;
· The D2DSS with lower stratum level has higher priority than the D2DSS with higher stratum level if the synchronization type is the same.
· The maximal stratum level of D2DSS is limited to 2.
· The stratum level of D2DSS transmitted by ISS and in-coverage UEs is set to be 0.
· The D2DSS with higher receiving power has higher priority than the D2DSS with lower power if synchronization type and stratum level are the same.
Proposal 4: To ensure the traffic continuity, an out-of-coverage UE is only allowed to reselect its reference synchronization source in a long-time manner.
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5. Appendix
Table 6: System level simulation assumptions
	Parameter
	Assumption

	Layout
	Hexagonal grid, 3 sectors per site with 19 macro-site with wraparound

Option 5: Urban macro (1732m ISD) 
Indoor-outdoor mix/ Uniform (outdoor)/ Hotspot(Outdoor)

	Channel model
	According to TR 36.843 v0.1.0

	Carrier frequency
	700 MHz

	System bandwidth
	10 MHz

	Network synchronization
	No eNodeB

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm/31dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs
	As described in TR 36.843 v1.0.0

	Receiving power threshold for synchronization signal detection
	-112 dBm
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