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1. Introduction
During the RAN1#74b meeting, various proposals on D2D synchronizations were discussed [2-5].  The following working assumptions regarding the synchronization issue for D2D communication have been reached [1]:
Working Assumption:

· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS
· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel
· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signaling

· Data

· others FFS
· A synchronization source is any node transmitting D2DSS 
· A synchronization source has a physical identity PSSID
· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

· Note: in RAN1#73, “synchronization reference” therefore means the synchronization signal(s) to which T1 relates, transmitted by one or more synchronization source(s). 

In this contribution, we further discuss the signals and procedures of the D2D synchronization scheme, where the synchronization signal is comprised of PD2DSS and possibly SD2DSS as well. 
We compare the two options (with or without SD2DSS) and provide simulation results for these two different synchronization schemes.
2. Synchronization for D2D discovery & communications
For the case of partial network coverage or out of network coverage, synchronization signals need to be transmitted by synchronization sources other than eNBs. Depending on whether the cluster-based structure is adopted for network control, the synchronization signal can be transmitted either by a cluster head or a regular DUE. To have the cluster heads serve as synchronization source has the benefit of reusing the same network control structure and aligning the time and frequency of UEs within the cluster to the cluster head, while to have a regular DUE serve as synchronization source has the benefit of reducing the power consumption of the cluster head, as well as providing more flexibility. In a flat network structure (in the absence of cluster heads), the synchronization sources have to be regular DUE. The selection of the DUEs serving either as cluster head or as synchronization source needs FFS. However, it is best to design the network synchronization structure independent of the network control structure, so the scheme designed can be applied when either (or both) case is agreed. The synchronization sources may transmit their individual primary synchronization signals (PD2DSS) either based on some external timing references (such as GNSS signals or other synchronous wireless networks) or their local clocks. Their ZC-sequence based PD2DSS serve to provide timing and frequency synchronization references to other DUEs within its transmission range. It is FFS whether the primary synchronization signals should be relayed by some of the DUEs in the form of secondary synchronization signal (SD2DSS), and how many of DUEs should forwarding the SD2DSS signal and how these DUEs should be selected. The details of the simulation are given in the Appendix.
In this contribution, we compare different synchronization schemes and with different parameters through system level simulation. We use PSS and SSS as references for PD2DSS and SD2DSS signals. A D2D network out of infrastructure coverage where the DUEs are 100% outdoor is simulated. While the detailed scheme for choosing the PD2DSS and SD2DSS transmitting UEs needs further study, we follow the following principle when randomly determining which set of DUEs transmit PD2DSS and which set of DUEs transmit SD2DSS:
· A PD2DSS signal is transmitted by a DUE not receiving other PD2DSS signals, or SD2DSS related to other PD2DSS signals.

· A DUE receiving a PD2DSS may transmit a SD2DSS signal with a probability T1.

· A DUE receiving PD2DSS signal or SD2DSS signal synchronize its time with respect to the receiving time of the signal.

Figure 1 shows the CDF of the relative delay of the DUEs with respect to their synchronization sources. Because a DUE can synchronize only with respect to the time of arrival of the PD2DSS or the SD2DSS signals, the propagation delay contributes to the relative timing offset, and it accumulates in the case of SD2DSS. Among all the DUEs receiving PD2DSS, a portion of them transmit SD2DSS (T1). No SD2DSS is transmitted if T1=0. Let R0, R1 and R2 be the ratio of DUEs transmitting PD2DSS, receiving PD2DSS and receiving SD2DSS respectively. By definition R0+R1+R2=100%.  In Figure 1, all the PD2DSS TX DUEs have 0 timing delay because they serve as their own timing references. The PD2DSS RX DUEs and SD2DSS TX DUEs have the same timing offset relative to the synchronization sources, which is the same as the propagation delay by definition. The ratio of different types of DUEs under different T1 is given in Table 1.
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Figure 1. Delay distribution with respect to individual synchronization sources.
Table 1. Ratio of different types of synchronization DUEs.

	T1 (%)
	R0 (%)
	R1(%)
	R2 (%)

	0
	9.28
	90.72
	0

	1
	5.61
	93.35
	1.03

	5
	2.35
	84.27
	13.37

	25
	1.90
	79.06
	19.04

	100
	1.33
	68.91
	29.74


We can see that as T1 increases, more DUEs forward the primary synchronization signal by transmitting SD2DSS signals. Consequently more DUEs become synchronized to the SD2DSS signals and R2 increases. As more DUEs are covered by either existing PD2DSS or SD2DSS signals, less synchronization source DUEs are needed, hence causing R0 to decrease. This implies that the entire D2D network is synchronized to fewer timing sources, and the size of the cluster of DUEs synchronized to the same timing source become larger as more SD2DSS signals are transmitted. The largest drop of R0 is observed from the case of T1=0 to the case of T1=1%. When only a very small fraction (1%) of DUEs receiving the PD2DSS transmit SD2DSS signal, the number of synchronization sources dropped significantly by as much as 40%. Increasing T1 to 5% makes R0 to decrease further to 2.35%. However, as PD2DSS signals are transmitted from fewer synchronization sources, the percentage of UEs receiving the PD2DSS decreases, making more DUEs have to rely on SD2DSS for synchronization. Because the propagation delay over the PD2DSS and the SD2DSS paths accumulate, those DUEs synchronized to SD2DSS signals have relatively larger delay, as shown in Figure 1. We make the following observations:

Observation 1: The SD2DSS signal helps to reduce the number of synchronization sources needed to cover the entire D2D network.

Observation 2: It only takes a small portion of DUEs that receive the PD2DSS signals to transmit SD2DSS signals. Having too many DUEs transmitting SD2DSS signals reduce the performance due to delay accumulation.  
Because the propagation delays accumulate over relayed synchronization signals, it is not advisable to have the SD2DSS signals relayed again. It is clear from Figure 1that it is sufficient to cover the synchronization error caused by SD2DSS using extended CP, but if the SD2DSS signal is forwarded one more hop, the accumulated delay will exceed that of extended CP and cause ISI. Thus our Observation 3:

Observation 3: It is not advisable to forward the synchronization signal more than 2 hops (beyond the SD2DSS signal).

Based on these observations, we make the following proposal: 
Proposal 1: D2D synchronization signals should comprise a PD2DSS and a SD2DSS, where a small portion of DUEs receiving the PD2DSS should transmit SD2DSS.

Two DUEs within the required transmission range (135dB pathloss) may be synchronized to different synchronization sources, making it difficult to transmit or receive from each other. A DUE may resort to TDMA to switch between receiving from DUEs synchronized to different timing sources.  Figure 2 and Figure 3respectively shows the number and ratios of neighbor DUEs that are synchronized to the same or different synchronization sources (through PD2DSS or SD2DSS).[image: image2.png]‘CDF of Number of Neighbors with same/different Synchronization Source
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Figure 2. Number of neighbor DUEs that are synchronized to the same or different sources.
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Figure 3. Ratio of neighbor DUEs synchronized to the same source.
We can see that when T1=0 (no D2DSS is transmitted), each synchronization source can only synchronize the DUEs within its transmission range, therefore making the D2D network more fragmented. The ratio of neighboring DUEs synchronized to other sources is thus the highest in this case. The case of T1=1% shows improvement (less neighbors synchronized to other sources), but the biggest improvement is achieved when T1 is increased to 5% or higher. We make the following observation:

Observation 3: The ratio of DUEs transmitting SD2DSS signals affect the number of synchronization sources in the D2D network and the ratio of neighboring DUEs synchronized to the same source for each DUE. From the view point of synchronizing more DUEs within transmission range, it is better to have more SD2DSS transmitted in the D2D network.
Hence we make following proposal:
Proposal 2: Further study is required on the details of the synchronization scheme based on PD2DSS and SD2DSS.
3. Conclusions
In this contribution, we studied the behavior of the D2D synchronization scheme based on PD2DSS and SD2DSS signals. From the simulation, we have made the following observation:
Observation 1: The SD2DSS signal helps to reduce the number of synchronization sources needed to cover the entire D2D network.

Observation 2: It only takes a small portion of DUEs that receive the PD2DSS signals to transmit SD2DSS signals. Having too many DUEs transmitting SD2DSS signals reduce the performance due to delay accumulation.  
Observation 3: The ratio of DUEs transmitting SD2DSS signals affect the number of synchronization sources in the D2D network and the ratio of neighboring DUEs synchronized to the same source for each DUE. From the view point of synchronizing more DUEs within transmission range, it is better to have more SD2DSS transmitted in the D2D network.

and the following proposals:

Proposal 1: D2D synchronization signals should comprise a PD2DSS and a SD2DSS, where a small portion of DUEs receiving the PD2DSS should transmit SD2DSS.

Proposal 2: Further study is required on the details of the synchronization scheme based on PD2DSS and SD2DSS.
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Appendix
Table 2. System Simulation Parameters.

	Parameters
	Assumption

	Scenario 
	Option 5

	Number of cell sites
	19

	Number of dropped UEs
	32 UEs / Macro cell area 

	UE-UE minimum distance
	3m

	UE dropping
	· 100% UEs outdoor.

	Bandwidth
	10MHz

	Communication type
	Broadcast

	UE Transmit power
	23dBm

	PD2DSS SINR requirement
	-7.8dB

	SD2DSS SINR requirement
	-7.8dB

	PD2DSS bandwidth
	6RB

	SD2DSS bandwidth
	6RB

	UE receiver 
	MMSE
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