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1 Introduction
At RAN1#75 meeting [1], the synchronization procedure and signal design for broadcast communication was discussed and some relevant simulation results were provided. As limited time for synchronization design discussion in last RAN1 meeting, there are some leftover issues related to D2D synchronisation procedure in case of partial network coverage and out of network coverage which need further discussion in RAN1#76 meeting. In this contribution, we focus on synchronization source discussion and relevant synchronization procedure analysis.
2 Discussion
2.1 Discussion on synchronization source
2.1.1 Type of synchronization source
In D2D communication system, the synchronization between D2D UEs is a pre-condition for D2D communication. Unlike the cellular communication system which is basically a global and base station control communication system, D2D communication system is a local area and peer to peer communication system. Therefore the synchronization situation of D2D system is more complicated than the cellular system, and different synchronization sources exist in this system. In this section, we will discuss the type of synchronization source (SS) existed in D2D system and their corresponding synchronization priority. 
Based on the discussion of previous RAN1 meetings [1], we summarize three types of synchronization sources in D2D communication system as listed below:
· eNB synchronization source (eNB-SS):

UE within NW coverage can use eNB as synchronization source and use DL timing derived from received PSS/SSS of serving cell as the reference point in time for D2D communication. 
· Synchronization cluster head(CH):

A synchronization cluster head is a synchronization source other than eNBs that does not derive transmit synchronization from any other synchronization sources. D2D UEs synchronized with CH can form a D2D communication group.
· Synchronization relay(R-SS):

A D2D UE can act as a synchronization source by relaying the synchronization signal received from a D2D synchronization source.
Besides above three types of SS, a D2D UE can become a synchronization source by transmitting its own synchronization signal when it wants to broadcast some information or send discovery signal and can not detect any synchronization signal. This type of synchronization sources can be referred as UE-SS as listed below.
· D2D UE Synchronization source(UE-SS):
D2D UE can act as a synchronization source by transmitting synchronization signal when it wants to broadcast some information or send discovery signal and can not detect any synchronization signal.
These four types of SS correspond with different synchronization range and application cases:
· For eNB-SS, each D2D UE within network coverage can use eNB-SS as a synchronization source to keep synchronization with all other D2D UEs in serving cell. This synchronization range is the cell coverage area or network level synchronization. As the cell synchronization has the largest area and stable synchronization performance, it is applicable for public safety, business service and personal communication.
· For CH, each D2D UE in proximity of CH can use CH as a synchronization source to keep synchronization with all other D2D UEs close around CH. Because CH should have higher transmission power, more accurate internal timing clock and longer batter life compared with general D2D UE, its synchronization range is the local group area with mobility characteristic, and it is applicable for public safety [2] and temporal personal communication.
· For UE-SS, When a D2D UE want to broadcast some information or send discovery signal and meanwhile can not find any synchronization source to associate with, it can transmit its own synchronization signal and act as a synchronization source for nearby D2D UEs. As UE-SS synchronization is temporal and for local area, it is applicable for accident alarm and temporal personal communication. 
· As for R-SS, its synchronization range depends on the type of relayed synchronization source. 
As four types of SS correspond with different synchronization range and application scenarios, UE shall identify the type of SS when it carries out the synchronization procedure in D2D system. The approach of SS type identification by UE needs to be further studied.
2.1.2 Priority of synchronization source
As discussion above, four types of SS have different synchronization range. If D2D UEs synchronize with SS which has larger synchronization range, it can detect more discovery signals and broadcast information. In this sense, the priority of synchronization source could be eNB-SS > R-SS of eNB-SS > CH > R-SS of CH > UE-SS. D2D UE shall select the higher priority type of SS as synchronization source when it carries out the synchronization procedure and detects D2DSSs from different types of SS. 
For multiple SSs with the same priority, UE shall select one with the strongest D2DSS among them to synchronize with. If multiple SSs with the same priority are asynchronous and UE synchronizing with one of them wants to communicate with another, one approach is UE maintains another separate timing system to synchronize with the second SS for D2D communication, and the other approach is that the D2D UE changes SS temporarily, and when the D2D communication receiving is over, UE will return back to the pervious SS.
As for R-SS, the maximum number of R-SS hops shall be further studied in order to keep the timing accuracy of R-SS. Basically we think that as long as the hop number is below the maximum hop number, the timing accuracy of different hop number of R-SS can meet the requirement of D2D communication timing. Therefore R-SSs with different hop number shall have the equal priority for D2D synchronization. This design can reduce the complexity of synchronization procedure.
Proposal 1: The priority of SS shall be defined to help the synchronization source selection of D2D UE.
2.2 Discussion on synchronization procedure
In this section, we will discuss the synchronization procedure with inside/partial/outside of coverage respectively.
· In case of inside NW coverage, all D2D UEs will associate with a serving cell, derive the reference point in time from PSS/SSS. When a cell edge UE detects two or more eNB-SSs in the overlap area of multiple cells, a straightforward approach is that the D2D UE selects an eNB-SS with the strongest signal as synchronization source and synchronizes with it. But if two D2D UEs associated with different serving cells which are asynchronous want to communicate with each other, they can not implement this communication just by synchronizing with its own serving cell. They have to synchronize with nearby desired D2D UEs. In these conditions, one of D2D UEs shall act as UE-SS and transmit its own D2DSS. 
For example, as shown in Fig1, D2D UE2 and UE3 associates with eNB1 and eNB2 respectively. If the timings of eNB1 and eNB2 are asynchronous, the discovery signal or broadcast information from UE2 and UE3 can not be detected by each other. Therefore if UE2 wants to transmit some information to UE3 directly, it needs to transmit D2DSS to inform UE3. If UE3 is willing to communicate with UE2, it will synchronize with UE2. Then UE2 and UE3 can communicate with each other. To make this approach work well, the precondition is D2D UE has the capability to maintain at least two synchronization timing systems, one is used for cellular communication and the other is used for D2D communication. Otherwise, D2D UEs have to switch between two sets of timing. Obviously, this issue will not exist in synchronous network. In this sense, it can be observed that the asynchronous network will increase the complexity of D2D communication system and the cost of D2D terminal. 
Observation 1: Asynchronous network will increase the complexity of D2D communication system and the cost of D2D terminal.
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Figure 1: UEs use eNB as synchronization source while in coverage
· In case of partial NW coverage, the synchronization condition becomes a little bit of complexity. Beside eNB-SS, UE within NW coverage shall act as R-SS and transmit D2DSS for synchronization of D2D UE without coverage based on DL timing synchronized with its serving cell. 
For example, as shown in Fig2, UE2 and UE3 are the first hop R-SSs which relay the reference timing derived from the serving cell to UE4 without NW coverage. UE5 is the second hop R-SS which relays the reference timing from UE3 to UE4. UE6 is a cluster head (CH) which can provide the reference timing to D2D UEs without coverage and close around it. For D2D UE4, it can detect D2DSSs from UE2(R-SS of eNB-SS), UE3(R-SS of eNB-SS), UE5(R-SS of eNB-SS) and UE6 (CH). Based on the priority of SS, UE4 shall select timing of RSS of eNB-SS with the strongest signal as reference point in time for D2D communication. In this case, we assume that UE2 has the strongest D2DSS and UE4 derives the reference point in time for D2D communication from UE2. When UE4 needs to communicate with UE5 or UE6, it shall either maintain another separate reference timing or switch between two sets of reference timing circularly to communicate with them. 

If D2D UE needs to switch among different reference timings to communicate with the other D2D UEs, when the D2D communication is over, it shall synchronize with SS which it can detect with the highest priority because the SS with higher priority can provide more stable and larger range of synchronization.
· In case of outside of coverage, D2D UE shall use CH as the synchronization source to synchronize with preferentially. All D2D UEs which are synchronized with the same CH can form a group of D2D communication, and each member of the group can basically communicate with CH or each other. If a D2D UE inside a D2D group detects D2DSS transmitted by the other D2D UEs outside its group, this UE can act as R-SS to relay D2DSS to outside UE to assist it to synchronize with CH. It will be helpful to form a larger and stable local area synchronization system and enable that more D2D UEs can communicate with each other by maintaining less synchronization timing. 
For example, in Fig3, UE6 which is synchronized with UE1 (CH) can detect the D2DSS from UE7. It will relay reference timing from UE1 to UE7. When UE7 detects the D2DSS from UE6 and finds it comes from a higher priority SS, UE7 will synchronize with UE6. If UE7 at the same time detects two D2DSSs from different R-SS with equal priority and it shall select the SS with the strongest D2DSS to synchronize with. If UE7 wants to receive broadcast information from UE8, it will carry out the synchronization procedure which is similar with that of UE4 (shown in Fig.2) as discussed above.
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Figure 2: the synchronization source while in partial coverage
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Figure 3: the synchronization source while out of coverage
Observation 2: It is helpful for D2D communication that D2D UE has capability to manage two separate reference timing.
3   Conclusion
Based on the discussion of the type of synchronization source and synchronization procedure, we have following proposal and observations:

Proposal 1: The priority of SS shall be defined to help the synchronization source selection of D2D UE.
Observation 1: Asynchronous network will increase the complexity of D2D communication system and the cost of D2D terminal.
Observation 2: It is helpful for D2D communication that D2D UE has capability to manage two separate reference timing. 
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