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1
Introduction
The issues related to synchronization have been discussed over several RAN1 meetings. From RAN1#74bis, we have agreed the following working assumption (not a complete list) [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)

· 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

And in addition,
· At least for discovery:

· Any UEs that do not have an active timing advance value (including RRC_Idle UEs in coverage if transmission of discovery signal is supported for such UEs, and out of coverage UEs that do not have an active timing advance value) use T2=0 

· FFS for UEs with an active timing advance value
In our contributions to RAN1#74bis meeting [2] [3], D2D synchronization was discussed to cover both scenarios of with and without NW coverage. In this contribution, we continue discussing how to derive D2D transmission timing for both discovery and communication. Similarly both scenarios of with and without NW coverage will be discussed.

2
Further discussion on UE acting as synchronization source for without and partial NW coverage
Comparing to asynchronous operation, synchronized D2D operation can bring benefits including better channel utilization and reduced power consumption. And in addition, with synchronized operation, the design principle of LTE for synchronized data communication can be reused. Furthermore, it would be easier to design common synchronization solution for the cases with and without NW coverage. As discussed in RAN1#74bis meeting, in case of with NW coverage the eNB can be the D2D synchronization source. In case of out of NW coverage, the existence of external synchronization source cannot be always assumed. And hence UE acting synchronization source was proposed in [2]. 
2.1
Procedure for initial synchronization
Here first the principle of the synchronization is re-visited. It is assumed that one of the UEs close to each other will act as the synchronization source. The synchronization source UE transmits D2D synchronization signal (D2DSS) provides the timing/frequency reference to other UEs which can receive the D2DSS. 
An example procedure for D2D synchronization in the case of without NW coverage is:

· Before starting D2D operation, the UE will listen in a wide window (according to both time and frequency domain) to find out whether PD2DS (and SD2DSS if it is agreed in RAN1) signalling exists or not. Depending on the design of synchronization reference signal, the searching of it can be implemented in a similar way as cell search with primary and secondary signals PD2DSS and SD2DSS.
· In the case that no D2DSS signalling is detected, this UE starts to transmit D2DSS signalling and act as the synchronization source in the local area.

· However, if the UE can detect the existence of synchronization source, it will acquire the timing reference from the detected D2DSS. Based on the received timing reference, UE can derive the subframe boundary and symbol timing in a similar way as defined in the current LTE specification.
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Figure 1 Example of initial synchronization procedure
Proposal 1: In case of without network coverage and with partial network coverage, within a local geographical area (e.g. coverage of a transmitter UE) one UE acting as synchronization source should be considered in RAN1. 
After synchronized with synchronization source, the UE can derive transmission timing in the similar way as basing RACH timing on the received synchronization signal. As the working assumption agreed in RAN1#74bis meeting says, at least for discovery, using T2=0 corresponds to the cases that the transmission timing is equal to T1 (the reception timing of the synchronization reference).
2.2
Selection of synchronization source UE
With the UE based synchronization sources, one of the most important issues is the selection of the UE acting as synchronization source. As we discussed in Section 2.1, in case of without NW coverage, clearly the very first UE activating D2D operation will become the synchronization source which transmits D2DSS. In the cases with partial NW coverage, as discussed in [2], the UE with NW coverage can take the role of synchronization source UE. Then the benefit of potential reduced interference between D2D operation and regular cellular communication can be achieved, since the in-coverage UE has the opportunity to get an accurate synchronization reference from eNB. In addition to these possible criteria, the device capability according to e.g. maximum transmission power (i.e. coverage), battery capacity, and stability (e.g. probability of a UE to move away) could be considered when choosing synchronization source UE. 
Proposal 2: In case of without NW coverage, a UE takes the role of synchronization source UE if no D2DSS is detected. In case of partial coverage, the UE with NW coverage can take the role of D2D synchronization source. 
As discussed in [2], in case of partial NW coverage, presence of D2DSS sent from out of coverage UE can be used as the trigger for the selected synchronization source UE (within NW coverage) to start D2DSS signalling transmission. In this way, the unnecessary transmission of D2DSS from UE with NW coverage can be avoided. A very simple way to achieve this is to define different D2DSS for the usage of with and without NW coverage. For example, if the synchronization source UE is within NW coverage, it will transmit D2DSSnet and otherwise the synchronization source UE will transmit D2DSSoon (D2DSS out of network). It should be pointed out that different ways to differentiate D2DSSnet and D2DSSoon can be used, for example different sequences, different time/frequency resources and so on. 
Proposal 3: In case of partial NW coverage, in order to choose the best possible synchronization source UE, it is preferable to distinguish between the D2DSS from out of coverage UE and in coverage UE. Some mechanisms to avoid unnecessary D2DSS transmission should be studied further.
The summary of synchronization state diagrams for UE-based synchronization is illustrated in Figure 2. Figure 2 (a) is about synchronization source UE within NW coverage and (b) is showing the state diagram of UE without NW coverage. In Figure 2 (a), the UE at network coverage board but within NW coverage only starts to transmit D2DSSnet when D2DSSoon is detected. At the initial state, UE just listening to D2DSSoon. In case of UE out of NW coverage, the synchronization state is changing according to Figure 2 (b). And at the initial state, the UE tries to detect whether there is any D2DSS or not. Depending on the detected results, UE moves to different synchronization states.
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Figure 2 UE synchronization state diagram
2.3
Potential challenges of UE-based synchronization source

As all other synchronization methods, there are also potential challenges for UE-based synchronization scheme. Dependency on one UE in a local area is one of them. However, it should be pointed out that this issue is not new at all and there are many existing solutions to solve this problem, for example:

· Upon detecting the disappearance of synchronization source UE:
· The UE can try to find and synchronize to another synchronization source UE.
· If no synchronization source UE is detected, the UE starts to act as synchronization source UE and starts to transmit D2DSS.
· Or setting redundant synchronization source (e.g. there will be a second synchronization source UE as replacement in case the current synchronization source UE moves away).

· Or before shutting down or moving away, the current synchronization source UE can initiate proactive change of synchronization source.
Another potential issue is how to handle the cases in which D2D UEs are connected to different synchronization sources. Actually the same issue exists when considering D2D operation between UEs connecting to neighbour cells. The solution design for inter-cell discovery/communication can be considered to be generalized to cover the cases of without NW coverage. In addition, the goal of unified solution to cover scenarios with various level of NW coverage can be achieved.
Observation 1: There are certain challenges for UE-based synchronization scheme. However, there are known solutions which could be further studied and extended to cover LTE D2D operation.
3
Transmission timing in case of with NW coverage

From last RAN1 meeting, the transmission timing in case of UE with active timing advance value has not been discussed. Considering the cases of UEs within NW coverage, handling of timing advance has been discussed [3] [4]. Based on the discussion about potential D2D interference, the following observation has been obtained:
Observation 2: When D2D UEs are within synchronized network and TA is available, ½ of the normal TA can be used for D2D transmission timing.

In case there is no active TA value available, as indicated in the agreed working assumption, at least for discovery, T2=0. Normally only a small fraction of UEs have active TA value and there is no reason to assume that the ratio will differ within UEs intending to participate to D2D discovery. It would not make sense to complicate the system by partitioning the discovery resources for UEs with and without active TA. Therefore, all UEs would apply T2=0 for discovery. 
The situation could be different for D2D communication because of a few reasons: (a) If eNB is allocating resources for communication, D2D broadcasting UEs may need to maintain active TA in order to be able to send resource requests, and (b) UEs participating to communication are anyway active and maintaining TA would not mean large additional burden for them. No special procedures would be needed for maintaining TA. Initial value would be obtained by random access procedure and updates could be based on eNB measurements on DMRS or SRS. 
4
Conclusion

In this contribution, firstly we revisited the UE-based synchronization scheme which can be applied to both out of NW coverage and partial coverage case with the following proposals:
Proposal 1: In case of without network coverage and with partial network coverage, within a local geographical area (e.g. coverage of a transmitter UE) one UE acting as synchronization source should be considered in RAN1. 

With respect to the CH selection in general we have the following proposal:

Proposal 2: In case of without NW coverage, a UE takes the role of synchronization source UE if no D2DSS is detected. In case of partial coverage, the UE with NW coverage can take the role of D2D synchronization source. 
Proposal 3: In case of partial NW coverage, in order to choose the best possible synchronization source UE, it is preferable to distinguish between the D2DSS from out of coverage UE and in coverage UE. Some mechanisms to avoid unnecessary D2DSS transmission should be studied further.

Also we discussed the potential challenges resulting in the following observation:

Observation 1: There are certain challenges for UE-based synchronization scheme. However, there are known solutions which could be further studied and extended to cover LTE D2D operation.
As to transmission timing, especially when there is active TA available, we have the following observation:

Observation 2: When D2D UEs are within synchronized network and TA is available, ½ of the normal TA can be used for D2D transmission timing.
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