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1
Introduction
In RAN1#74 the synchronization aspect of D2D communications was discussed and it was agreed that the guard periods for TX/RX switching is needed with the assumption of 624 Ts.[1]. Furthermore, the following topics are identified for further studies and decision:

· Synchronisation signal(s) design

· Resources used for synchronisation

· Which UEs need to transmit synchronisation signals

· Synchronisation procedure

· Synchronisation accuracy requirements

· Handling of timing advance when in (partial) network coverage

· Time required for AGC

In last RAN1#74 meeting, we proposed UE based synchronization schemes for the cases without NW coverage or with partial NW coverage [2]. In this contribution, we continue discussing how to achieve synchronous D2D operation in those cases, taking into account the identified open issues from the last RAN1 meeting. Synchronization issues in the scenarios with NW coverage, including handling of timing advance, are addressed in a companion contribution [3].
2
Discussion on UE-based Synchronization
As discussed in [2], it is preferable to consider synchronous D2D operation in the cases of out of NW coverage and partial NW coverage. In this way, the solutions for D2D operation with different levels of NW coverage (with/without/partial coverage) can be unified as much as possible.
2.1
Synchronisation procedure for UE-based synchronization
For UE-based synchronization, it is assumed that the D2D UEs close to each other form a cluster and one of the UEs within the cluster takes the role of a cluster head (CH) (or synchronization (SYNC) head or master). In the following discussion it is called as CH. The CH transmits SYNC signals and provides synchronization reference to the UEs within the cluster in a similar way as the eNB does in case of cellular operation. 

An example procedure for D2D synchronization in the case of without NW coverage could be:

· Before starting D2D operation, the UE will listen in a wide window (according to both time and frequency domain) to find out whether SYNC signals exists or not. Depending on the design of synchronization reference signal, the searching for CH can be implemented in a similar way as cell search.
· In the case that no SYNC signals are detected, this UE starts to transmit SYNC signalling and act as the CH as the first member in the cluster.

· However, if the UE can detect the existence of CH through identifying present SYNC signals, it will acquire the timing reference from the detected SYNC signals. 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.
Proposal 1: UE-based synchronization scheme with synchronization signals transmitted by cluster heads should be considered in RAN1 for without network coverage and with partial network coverage cases. 
Observation 1: Depending on the design of synchronization signal, similar procedure as cell search can be utilized to achieve the synchronization with the cluster head.
One of the most important issues related to cluster type of operation is the management of CH. The questions are which UE can be selected as CH to transmit SYNC signalling and what kind of criteria should be utilized during the process of CH selection? Although most probably this issue cannot be completely solved in RAN1 alone, it is still beneficial to have such discussion from RAN1 point of view. As mentioned above, considering out of NW coverage scenario, a public safety (PS) UE will become CH if no SYNC signalling is detected in the proximity. In the cases with partial NW coverage, as discussed in [2], the UE within NW coverage can take the role of CH. 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 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, stability (i.e. select the CH which has the least probability to move away) could be considered when choosing the CH. For example, it is better to choose the fire fight vehicle as the CH due to better coverage, longer battery life (or no problem at all with battery life) and possible better connection to NW. The rules for CH selection should be defined and CH management needs to be discussed in RAN1 and also possible other WGs e.g. RAN2. This contribution is focused on the synchronization aspect and other possible functionalities e.g. D2D resource allocation & scheduling is discussed in a companion contribution [4].
Proposal 2: In case of out of NW coverage, a UE takes the role of the cluster head if no SYNC signalling is detected. In case of partial coverage, the UE with NW coverage can take the role of the cluster head. The impacts on cluster head selection due to other factors, for example maximum transmission power, available battery capacity etc. and how the network selects in-coverage cluster head UEs is FFS.
For the case of partial NW coverage when a UE within NW coverage is selected as the CH, one of the things to be considered further is when the CH actually starts to transmits SYNC signalling. This question is meaningful in the sense that if there is no out-of NW coverage UEs in the proximity, transmission of SYNC signalling by the CH is useless and just waste of power and resource especially if the resources for SYNC signalling are taken from cellular resource. Similarly, after the CH has started transmitting SYNC signalling, it should, ideally, stop transmitting if there is no out of coverage UEs in the proximity any longer. 
As proposed above, an out of coverage UE will start to transmit SYNC signalling if it does not detect any present SYNC signalling. Presence or absence of SYNC signalling sent from out-of coverage UE can be used as the trigger for the selected in-coverage CH to start or stop SYNC signalling transmission. In order to achieve this, there should be a way to distinguish the SYNC signalling from out of coverage UE and the one from in coverage UE. One straightforward way is to define two different SYNC signals, SYNC1 and SYNC2. SYNC1 is sent from the CH with NW coverage and SYNC2 is sent from UE without NW coverage. The separation of SYNC1 and SYNC2 can be achieved in many different ways, for example with different synchronization sequences. In line with this thought, the UEs could follow the example procedure below to determine the time to start/stop SYNC signalling transmission:
· When a UE at the network coverage border but still within NW coverage is selected as the CH, it will start to monitor/listen whether there is any UE sending SYNC2 signal in the proximity or not. Only if the within NW coverage CH detects SYNC2 which is not synchronized to cellular synchronization, CH starts to transmit SYNC1 signal; Otherwise, SYNC1 will not be transmitted by this UE. In this way, the SYNC1 is transmitted only when there is a need. Therefore, unnecessary SYNC signalling transmission can be avoided and hence the power consumption can be reduced.
· After an out of coverage UE detects SYNC1, it will synchronize to the CH with NW coverage. And also it will send SYNC2 signal with same timing as detected SYNC1.  

· After a CH has started to transmit SYNC1 reference, it will continuously monitor/listen if there are any SYNC2 signal in the proximity. If detected, it means there are nearby out-of coverage UEs and CH will continue SYNC1 transmission; otherwise, the CH will stop SYNC1 transmission. 

Proposal 3: In case of partial network coverage, in order to choose the best possible synchronization cluster head, it is preferable to distinguish between the SYNC signalling from out of coverage UE and in coverage UE. Some mechanisms to avoid unnecessary SYNC signalling transmission should be developed (FFS).
2.2
Synchronisation signal design and resource usage
As indicated in [1], the synchronization signal design needs further considerations. One issue that needs to be clarified are the requirements on synchronization. For successful D2D communication, the UE has to at least achieve time synchronization with the CH. In addition, it is quite likely that the D2D resources need to be multiplexed in the frequency domain due to various reasons e.g. the large number of simultaneously supported PTT groups. (The minimum number of PTT Groups that must be supported is 20. [5]). Frequency synchronization is of necessity to support FDM operation. 
In order to support both time and frequency synchronization, it is preferable to define dedicated synchronization signals for D2D operation which are transmitted periodically by CH. The synchronization signal is utilized by nearby UEs to acquire time and frequency reference, but there could be separate reference signals for demodulation of a D2D discovery or D2D data message. The synchronization signal can be based on existing synchronization signals defined in LTE, for example PSS sequences in order to maximize the reuse of the already specified signals. One thing worth to be pointed out is that due to the different requirements on synchronization signal and discovery beacon, for example different transmission periodicity, it is desirable to decouple the design of synchronization signal and discovery beacon if possible. In this way, the discovery signals transmitted by all discoverable D2D UEs would have the same format, but of course, due to the additional synchronization signal from CH, discovering the cluster head itself might be easier.

As discussed in [2], in order to reduce detection latency and power consumption, it is desirable to have preconfigured resources in terms of e.g. frequency/sequence for CH to transmit SYNC signalling. In case of predefined frequency resource(s) for SYNC signalling transmission, the size of UE searching window to achieve synchronization can be reduced having a positive effect on power consumption. For example the SYNC signalling could be transmitted in the central part of the D2D band similar to PSS/SSS transmissions in the central 6 PRBs in current LTE DL. Furthermore, reducing the number of potential SYNC sequences could help the search complexity and related power consumption as well. In this way, the UE would not need to blindly search the whole D2D band with plenty of possible different SYNC sequences. An example of the resource used by synchronization signal transmission is shown in Figure 1.
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Figure 1: Resource usage for SYNC signalling
These discussions can be summarized as follows:

Proposal 4: To maximize the reuse of existing signals, RAN1 should target to reuse specified synchronization sequences e.g. PSS in LTE standards. In order to reduce search latency and power consumption, it is desirable to have preconfigured resources in terms of e.g. frequency/sequence for the cluster head UE to transmit SYNC signalling. 

3
Conclusion

In this contribution, firstly we revisited the UE-based synchronization scheme which can be applied to both out of network coverage and partial coverage case with the following observation and proposal:
· Proposal 1: UE-based synchronization scheme with synchronization signals transmitted by cluster heads should be considered in RAN1 for without network coverage and with partial network coverage cases. 

· Observation 1: Depending on the design of synchronization signal, similar procedure as cell search can be utilized to achieve the synchronization with the cluster head.

The discussions on cluster head selection and operation can be shortly summarized in the following proposals:

· Proposal 2: In case of out of NW coverage, a UE takes the role of the cluster head if no SYNC signalling is detected. In case of partial coverage, the UE with NW coverage can take the role of the cluster head. The impacts on cluster head selection due to other factors, for example maximum transmission power, available battery capacity etc. and how the network selects in-coverage cluster head UEs is FFS.
· Proposal 3: In case of partial network coverage, in order to choose the best possible synchronization cluster head, it is preferable to distinguish between the SYNC signalling from out of coverage UE and in coverage UE. Some mechanisms to avoid unnecessary SYNC signalling transmission should be developed (FFS).
Considering the synchronization signalling design and resource usage, it is proposed:

· Proposal 4: To maximize the reuse of existing signals, RAN1 should target to reuse specified synchronization sequences e.g. PSS in LTE standards. In order to reduce search latency and power consumption, it is desirable to have preconfigured resources in terms of e.g. frequency/sequence for the cluster head UE to transmit SYNC signalling.
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