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1. Introduction
For both D2D discovery and communication, synchronization between D2D UEs is needed before transmission or reception of D2D signal. In RAN1#75 meeting, D2D synchronization procedure was discussed and the following synchronization process was the working assumption for further study:
Working Assumption:

· Before starting to transmit D2DSS, a UE scans for synchronization sources

· If a synchronization source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D synchronization source.

· Details of under what circumstances a UE transmits D2DSS are FFS

· If a UE transmits D2DSS, the rules for determining which source the UE uses as the timing reference for its transmissions of D2DSS are as follows:

· Synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs

· FFS whether synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage

· Note that this would imply that there is a means to distinguish between a D2DSS transmitted by a UE in coverage and a D2DSS transmitted by a UE out of coverage

· Other details are FFS (including timing advance details)

· If no synchronization source is detected, a UE may nevertheless transmit D2DSS

· A UE may reselect the synchronization source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the synchronization source(s) 

· Detailed rules FFS

In this contribution, we further discuss the D2D synchronization design including synchronization procedure and synchronization signal design.
2. Discussion
2.1. Synchronization procedure
The D2DSS is defined for receiving D2D UEs to obtain time and frequency synchronization. The receiver would detect the corresponding discovery/communication signal based on earlier detected D2DSS. If a UE transmits both D2DSS and discovery/communication signal, the same timing reference should be used for the D2DSS and discovery/communication signal transmission. Also, if a UE transmits both discovery and communication signal, it is expected that the same timing reference is adopted to simplify the design. In addition, the synchronization procedure agreed for D2DSS, e.g. the method to determine the transmission timing reference, can be reused for other D2D signal if D2DSS is not transmitted by a D2D UE.
Proposal 1: For an individual D2D UE, the timing reference (T1) derived from the same D2DSS is used for different types of D2D signal transmission.
For an in-coverage UE, it is natural that the timing reference to transmit D2D signal is acquired from the serving cell. For an out-of-coverage UE, which may detect multiple D2DSS from different synchronization sources, one D2DSS should be selected to acquire the transmission timing reference. In RAN1#75 meeting, it is proposed by some companies that synchronization source type was used to determine the priority. For example, the D2DSS derived from D2DSS transmitted by eNB via one or multiple hops has higher priority than D2DSS whose synchronization source is an out of coverage UE. However, as shown in Figure 1, the signal quality of D2DSS transmitted by an in-coverage UE (UE1 in Figure 1) may be significantly weaker than that transmitted by a nearby out-of-coverage UE(UE4 in Figure 1) due to different distance. The synchronization accuracy will be degraded if the transmission timing reference is derived from the D2DSS transmitted by the in-coverage UE. Significant interference will also be introduced if its nearby UEs (UE2 in Figure 1) acquire timing reference from the D2DSS transmitted by the out of coverage UE(UE4 in Figure 1). It is not reasonable to determine the priority only by synchronization source type regardless of other features, e.g. signal quality, the number of hop, resource information in PD2DSCH etc. 
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Figure.1 An example of multiple synchronization sources for UE3
To ensure the synchronization accuracy, at least signal quality should be an essential criterion to distinguish whether a D2DSS can be used to acquire the transmission timing reference for an out-of-coverage UE. Especially when a D2D UE detects multiple D2DSS with same priority (e.g. derived from two eNBs via the same number of hop), signal quality should be the primary feature to determine the timing reference. To obtain the signal quality of D2DSS, measurement parameter based on D2DSS similar to the parameter SCH_RP in [2] could be defined.
Proposal 2: To ensure synchronization accuracy, signal quality of D2DSS should be an essential criterion for selection of timing reference when multiple D2DSS from different synchronization sources is detected for an out-of-coverage UE.
 It is unclear whether a central node is needed to allocate the D2D transmission resources especially for communication [3]. If introduced, the central node can be the eNB within network coverage, while some UEs will be defined as central nodes for out of coverage scenarios. The centralized scheduling by central node makes sense only when there is synchronization assumption among scheduled D2D UEs. This synchronization requires the central node to transmit D2DSS, which has the highest priority to be the transmission timing reference for scheduled D2D UEs. It also implies that there should be a method to distinguish a D2DSS transmitted by a central node from that transmitted by other synchronization sources.
Proposal 3: If a central node is defined for D2D resource allocation, the central node should transmit D2DSS which is used for its scheduled D2D UEs to achieve timing reference.

2.2. PD2DSCH design
During the synchronization discussion, whether PD2DSCH is introduced for synchronization process is FFS. The PD2DSCH can be used to carry some synchronization information or resource allocation information that may be beneficial for synchronization process or D2D signal transmission/reception. For different types of UEs, the available information and information needed to be indicated to receiver would be different:
· For in-coverage UEs, PD2DSCH can be used to carry the D2D resource allocation information of the serving cell. For example, during inter-cell discovery, particularly for asynchronized cells, the detection complexity could be lowered if a D2D UE knows the discovery resource pool of neighboring cell via PD2DSCH transmitted by D2D UEs in that cell. Also, in partial network scenarios, out-of-coverage UEs can reasonably determine the resources to transmit D2D signal or to receive D2D signal from in-coverage UEs if it decodes the PD2DSCH from in-coverage UEs (details can be found in [4]). It would reduce the detection complexity as well as potential interference to cellular transmission.
· For out-of-coverage UEs which cannot detect D2DSS from any synchronization source, it may become a synchronization CH and transmit D2DSS itself to provide synchronization reference for nearby UEs. Then a PD2DSCH with similar function as PBCH in LTE can be defined. The PD2DSCH can carry the current frame or subframe index for synchronization process. The identification information can also be carried by the PD2DSCH if the CH needs to be discovered or to communicate with other D2D UEs.
· For out-of-coverage UEs receiving PD2DSCH from other D2D UEs, it is unclear whether it is beneficial to also transmit PD2DSCH. It depends on whether one hop of in-coverage resource pool is sufficient for interference restriction. It also depends on which information is needed for out-of-coverage UEs to determine the transmission timing reference during synchronization process, which is discussed in section 2.1.
To summarize, for D2D UEs in different coverage and synchronization conditions, the transmitted PD2DSCH may be used to carry different information. It needs further study how many PD2DSCH types are needed and what information is carried in each PD2DSCH type.

Proposal 4: PD2DSCH is supported to carry synchronization information and/or resource allocation information.
Proposal 5: Multiple PD2DSCH types with various information can be defined for different types of D2D UEs.

3. Conclusion
In this contribution, synchronization procedure is discussed based on current working assumption. The design of PD2DSCH is also considered considering different application scenarios. The proposals are summarized as follows:
Proposal 1: For an individual D2D UE, the timing reference (T1) derived from the same D2DSS is used for different types of D2D signal transmission.
Proposal 2: To ensure synchronization accuracy, signal quality of D2DSS should be an essential criterion for selection of timing reference when multiple D2DSS from different synchronization sources is detected for an out-of-coverage UE.
Proposal 3: If a central node is defined for D2D resource allocation, the central node should transmit D2DSS which is used for its scheduled D2D UEs to achieve timing reference.

Proposal 4: PD2DSCH is supported to carry synchronization information and/or resource allocation information.
Proposal 5: Multiple PD2DSCH types with various information can be defined for different types of D2D UEs.
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