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1 Introduction

In RAN1 #74bis meeting, working assumptions of synchronization for D2D communication are as follows [1]:
· 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 signalling

· 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). 

This contribution addresses two aspects of synchronization for D2D broadcast communication: 1) synchronization solutions together with the procedure under different scenarios, and 2) the detail of synchronization signals design.
2 Synchronization solutions and procedure
2.1 Synchronization procedure when out of network coverage [2]
When out of network coverage and CH is not available, the synchronization procedure of D2D UE utilizes distributed local synchronization mechanism such as ad-hoc networks. If a D2D UE has data to transmit, it would autonomously transmit the synchronization signal locally to achieve distributed synchronization. As shown in Fig. 1, UE1, UE2 and UE3 can transmit synchronization signals. These synchronization signals would be used by potential receive UEs for synchronization and timing.

Local synchronization can be released once the communication is finished. Therefore, its impact on neighboring cells is relatively small. However, for the receive UEs, periodic or random search is needed in order not to miss any potential synchronization signals sent locally. When there are multiple clusters of D2D UEs synchronized to different timings, each D2D UE has to maintain multiple synchronization references, as the UE4 in Fig.1.
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Figure 1 Distributed synchronization

Proposal 1: If a D2D UE has broadcast data to transmit, it can autonomously transmit synchronization signal on pre-determined resources in a distributed fashion. 
2.2 Synchronization procedure with cluster head
When D2D UEs are under the coverage of eNBs/CHs, each D2D UE synchronizes to their own serving cell/CH. The corresponding D2D synchronization procedure is quite similar to the cell search procedure in LTE.
For example, in Fig. 2 and Fig. 3, UE1, UE2 and UE 3 synchronize to its own serving cell eNB1/CH1. UE6 and UE7 synchronize to eNB2/CH2. Therefore, D2D data transmission among UE1, UE2 and UE 3 will use synchronization reference of eNB1/CH1 and D2D data transmission between UE6 and UE7 use synchronization reference of eNB2/CH2. It should be noted that the first and the last SC-FDMA symbol of broadcast subframe will be used for GP because of the transmission delay, Tx-Rx/Rx-Tx switching and the settling time for AGC.
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Figure 2 Two cell/cluster without overlap
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Figure 3 Two cell/cluster with overlap
Specially, if a D2D UE is located in the overlap region of two asynchronous cells/clusters, such as UE4 in Fig. 3, it should have the ability to track both synchronization reference signals from two asynchronous cells/clusters. When the data is transmitted between UE4 and UE5, UE4 will keep the synchronization reference of the eNB2/CH2. When the data is transmitted between UE4 and UE2, UE4 will keep the synchronization reference of the eNB1/CH1. Namely, D2D UEs should have the ability of tacking multiple synchronization reference signals transmitted from different cells/clusters. 
Proposal 2：When a cluster head is able to transmit synchronization signal, non-CH UEs would not transmit or relay synchronization signals. 
Proposal 3：D2D UEs should be able to track multiple synchronization reference signals transmitted from asynchronous CHs. 
3 Synchronization signals design
In this chapter we will discuss the detail design of the synchronization signals between D2D UEs.
3.1 Stand-alone synchronization signal 
Before the broadcast data starts, UE-specific direct synchronization signal can be transmitted between D2D UEs in the form of sequences. 
In order to reduce the detection complexity, UE-specific direct synchronization signal should be mapped to fixed resources and transmitted periodically. Both PSS/SSS sequences and SRS sequences can be considered to synchronization purpose. If SRS sequences are used, new designs may be needed to fit the structure of synchronization sequences.
More specifically, the mapping of PSS/SSS in FDD is preferred, as shown in Fig. 4. The mapping of PSS/SSS in TDD may also be considered, as shown in Fig. 5. The mapping to SRS should also be studied as illustrated in Fig. 6. 
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Figure 4 Mapping of PSS/SSS in FDD
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Figure 5 Mapping of PSS/SSS in TDD
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Figure 6 Mapping to SRS
In the time domain, UE-specific direct synchronization signal can also be mapped to other symbols as shown in Fig. 7. In the frequency domain, UE-specific direct synchronization signal can also be mapped to other frequency region than the center point with the advantage of separating the synchronization signal from D2D UE and serving cell, as shown in Fig. 8.
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Figure 7 UE-specific direct synchronization signals map to other symbols
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Figure 8 UE-specific direct synchronization signals mapped to non-center frequency region
It can be seen that the resource mapping of synchronization signal is very flexible. To limit the detection complexity for receivers, D2D UEs should be periodically transmitted synchronization signal on the fixed resources pre-configured. 
Proposal 4：Stand-alone synchronization signals can be mapped to PSS/SSS sequences or SRS sequences. Further study is needed on whether to reuse the time-frequency resources for Rel-8 PSS/SSS.
3.2 Synchronization signal multiplexed with data
In order to simplify the procedure, synchronization signals can be embedded into control/traffic channels, such as the function enhancement of DMRS. As shown in Fig. 9, there are four synchronization signal (SS) per subframe, where N subcarriers are mapped to each RBs. The exact value of N should be further investigated according to the feature of synchronization sequences. When D2D Rx UE received the PRB, it will first detect the synchronization signal imbedded in DMRS, then to decode the corresponding control and traffic.
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Figure 9 UE-specific direct synchronization signal multiplexing with data
Proposal 5: Non-stand-alone synchronization can be supported to be multiplexed with data. Further investigation is needed for the density of synchronization signal and detailed resource mapping.
3.3 Information bearing synchronization signal
The sequence used for synchronization can carry simple information for communication control as Fig. 10 shows. Distributed synchronization is more suitable in this solution.
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Figure 10 Indications carried in synchronization signal for control channel of D2D broadcast
Proposal 6：Synchronization signal may carry simple information for control signaling of D2D broadcast. 

4 Conclusion
This contribution addressed various solutions to synchronization for D2D broadcast communication, especially for out of network coverage scenario. The following were proposed: 
Proposal 1: If a D2D UE has broadcast data to transmit, it can autonomously transmit synchronization signal on pre-determined resources in a distributed fashion. 
Proposal 2：When a cluster head is able to transmit synchronization signal, non-CH UEs would not transmit or relay synchronization signals. 
Proposal 3：D2D UEs should be able to track multiple synchronization reference signals transmitted from asynchronous CHs. 
Proposal 4：Stand-alone synchronization signals can be mapped to PSS/SSS sequences or SRS sequences. Further study is needed on whether to reuse the time-frequency resources for Rel-8 PSS/SSS.
Proposal 5: Non-stand-alone synchronization can be supported to be multiplexed with data. Further investigation is needed for the density of synchronization signal and detailed resource mapping.
Proposal 6：Synchronization signal may carry simple information for control signaling of D2D broadcast. 
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