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1. Introduction
In the last meeting RAN1 #77, the following was agreed and several issues are still FFS [1]:
Agreements:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB

· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB

· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither

Proposed Agreement:

· Alt1: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net,

· If the UE selects the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSSue_net as its timing reference if it becomes a D2D synchronization source.

· FFS whether it transmits the same D2DSS, in which case a hop count is carried in the PD2DSCH

· If the UE does not select the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.

· Alt2: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.

In the synchronization procedure, it is important for a certain UE to track the reasonable number of synchronization references. This contribution provides the evaluation results on how many timings a UE needs to track in D2D synchronization procedure.

2. Discussion

2.1. Evaluation assumptions
This section explains the evaluation assumptions for the D2D synchronization procedure. Out of coverage scenario is assumed and the UEs transmitting the same D2DSS are synchronized with each other. Therefore, a sync cluster is created which is defined by a set of UEs transmitting the same D2DSS. 
We assumed some UE behaviors and environments for simplicity. No collision was assumed in selecting the sequence and resource for D2DSS transmission except for the case where a UE intentionally transmits the same D2DSS as another UE after getting synchronized with each other. D2D synchronization procedures can be divided into two main parts as follows:
· D2DSS initial selection: All the UEs perform the D2DSS selection in the order of arrival to the system. This can be called ‘1st round’ for the D2D synchronization procedure. 

· D2DSS reselection: The overall procedure for the D2DSS initial selection is performed again after the D2D selection in the previous round is completed in all the UEs. We assumed that the UE order of performing reselection in each round is fixed to the order of UE arrival to the system. In addition, no UE mobility is assumed over the entire rounds of reselections. 
We first explain the UE behavior options for the D2DSS initial selection. UE follows the procedure discussed in [2] unless specified explicitly in each option. In order to prevent too many UEs becomes ISS, we can also apply an additional rule in D2DSS selection so that only data TX UE can become ISS. Based on these, we assumed the following options for the D2DSS initial selection:
· Option A0: All the data Tx UEs are ISS and data Rx UEs cannot transmit the D2DSS. This is for the comparison or baseline for other options
· Option A1: No stratum level signaling is assumed. The criterion for the transmit timing reference selection procedure is D2DSS RSRP.
· Option A1-1: Any UE can be ISS if none of the detected D2DSS exceeds predefined minimum quality threshold, -107dBm RSRP.

· Option A1-2: Only the data Tx UE can be ISS if none of the detected D2DSS exceeds predefined minimum quality threshold, -107dBm RSRP.
· Option A2: Stratum level signaling is assumed. For the criteria in the transmit timing reference selection procedure, the stratum level is used first and the D2DSS signal strength is used as a tie breaker.
· Option A2-1: Any UE can be ISS if none of the detected D2DSS exceeds predefined minimum quality threshold, -107dBm RSRP.
· Option A2-2: Only the data Tx UE can be ISS if none of the detected D2DSS exceeds predefined minimum quality threshold, -107dBm RSRP.
As discussed in [2], the number of ISS can be further reduced as UE goes through reselection procedure. For example, when a UE reselects D2DSS, the UE can behave as if it is its initial selection regardless of its previous role. In result, even though a UE played a role of ISS before, it can change to relay D2DSS from UEs synchronized to other ISSs. Since it is also possible that the UE detects D2DSS originated from itself, to avoid looping, it can be considered to exclude those D2DSS in reselection procedure. To see the performance impact in this regard, the following two options were considered for the D2DSS reselection:
· Option B1: The ISS reselects the D2DSS sequence without distinction from the previously transmitted sequence. If it reselects the sequence it transmitted in the previous round, it remains as ISS.
· Option B2: The ISS reselects the D2DSS sequence excluding the sequence it transmitted in the previous round.
The final option for the D2D synchronization procedure is a combination of Option Ax and Option By.
2.2.  Simulation results

Figure 1 shows the number of sync clusters (or the total number of D2DSS sequences transmitted in the system). We can observe that this number reduces as D2DSS (re)selection round is progressed. This is because a UE that played the role of ISS in the previous round may become a non-ISS when it detects D2DSS other than it transmitted. We can also observe that the options other than Option A0 significantly reduce the number of sync clusters by the effect of sync relaying. We note that the number of sync clusters in Option A0 is a linear function of the number of data TX UEs in the system, so more sync clusters will be created if more UEs transmit D2D data.
Comparing Option A1x and A2x (different in whether to use the stratum level), we can observe that Option A2 creates more sync clustered when Option B1 is used. This is because Option A1 has no limitation in extending the sync cluster size and it becomes more problem that multiple sync clusters are merged. However, when Option B2 is used, Option A2 creates less sync cluster. This is because, as explained with Figure 2, a small-size cluster is not likely to be created by Option A2; By prioritizing a lower stratum level, the cluster size can be guaranteed to some extent.
Comparing Option Ax1 and Ax2 (different in whether only data TX UEs can be ISS), it is clear that imposing the restriction that only data TX UEs can be ISS reduces the number of sync clusters. This is because, in Option Ax1 where any UE can be an ISS, too may ISSs are created in the initial selection and there remain some isolated UEs (i.e., sync clusters having only one D2D UE) even after some reselection rounds elapsed.
Comparing Option B1 and B2 (different in whether ISS reselects D2DSS it transmitted), it is clear that the number of sync clusters reduces if an ISS excludes a D2DSS sequence during the reselection if it transmitted that sequence in the previous period. This verifies the “ISS muting” operation.
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Figure 1. Number of different D2DSS sequences after D2DSS (re)selection procedures.
Figure 2 shows the distribution of the number of UEs in each cluster after 20 rounds. As mentioned above, Option Ax1 where any UE can be an ISS has several sync clusters each of which has only one D2D UE. Such small clusters will unnecessarily increase the number of synchronization references for a UE to track. Also, as discussed in the comparison between Option A1 and A2, Option A2 has a tendency to avoid creating a small sync cluster by prioritizing a smaller hop count. This can be observed by comparing the minimum size of sync cluster in Option A1 and A2.
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Figure 2. Distribution of the number of UEs in each sync cluster after 20 rounds.
Figure 3 shows the number of timings a UE should track in 1 hop vicinity (i.e., within -107 dBm RSRP). We can observe a tendency observed in Figure 1 and 2 are maintained in this result. About 60% UEs needs to track four different timing references if Option A22 + Option B is used.
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Figure 3. Distribution of the number of asynchronous timings in 1 hop vicinity of a UE after 20 rounds
Observation: The number of different timings a UE needs to track can be reduced by the following UE behaviors:
· A UE selecting D2DSS X also transmits D2DSS X to make a synchronization cluster sharing a common timing.

· Only data TX UEs can be ISS.
· ISS excludes a D2DSS sequence in the D2DSS reselection if it transmitted the same sequence in the previous period.

3. Conclusion
 This contribution provides evaluation results on D2D synchronization procedures. The results can be summarized in the following observation:
Observation: The number of different timings a UE needs to track can be reduced by the following UE behaviors:

· A UE selecting D2DSS X also transmits D2DSS X to make a synchronization cluster sharing a common timing.

· Only data TX UEs can be ISS.

· ISS excludes a D2DSS sequence in the D2DSS reselection if it transmitted the same sequence in the previous period.
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Appendix A. Simulation assumptions

	Carrier frequency
	700MHz

	Number of UEs
	1,824 (32 UEs per cell)

	ISD
	1732m

	Number of data transmitter UEs
	3 UEs per cell

	Tx Power
	23 dBm

	Channel and UE drop model
	Option 5: Outdoor uniform drop

	Minimum RSRP for D2D sync signal detection
	-107dBm
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