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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/ox 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 addition, as to inter-cell discovery, agreement from RAN1#74bis:

•
For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

•
The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios

–
By directly or indirectly achieving information about the other cell synchronization reference timing 

–
By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

–
The detailed solution is FFS.

In last RAN1#74 meeting, we have discussed D2D synchronization issues in case with NW coverage [2]. This contribution discusses further how to achieve synchronous D2D operation taking into account the identified open items from the last RAN1 meeting, especially “handling of timing advance (TA) when in (partial) network coverage”. In addition the issues related to inter-cell synchronization is discussed here as well. 
Synchronization issues in the scenario without NW coverage and with partial NW coverage are addressed in a companion contribution [3].

2
D2D synchronization within network coverage
For D2D transmission (possibly including both discovery signal and communication) within LTE network coverage, it is preferred that the timing for D2D UE transmission is controlled by the network in order to avoid severe interference to regular cellular communication and also potential cross-interference among D2D links. As agreed in RAN1#73, the cellular timing/frequency information can be utilized as external synchronization reference at least in the case of with NW coverage. Still the issue about how to use the cellular synchronization information for D2D synchronization needs further discussion, especially considering timing advance usage, whether the cells are synchronized or not etc.

2.1
Timing advance usage in synchronous network
In order to support synchronous D2D communication, PRACH-type of operation or some similar procedure is needed. But at the beginning of the procedure, the UE needs to know the timing information in order to transmit D2D related signalling, i.e. UE needs to derive D2D transmission timing based on the available cellular timing.

First we will have a look at the D2D UEs in RRC_Connected state in synchronous network operation, which is also a prerequisite for e.g. TDD, COMP, eICIC and so on. For these UEs, the D2D transmission timing can be derived based on cellular timing advance (TA) information. However, it should be observed that D2D transmission timing based on TA without any adjustment is not sufficient because the D2D timing advance aims at aligning signals received by a UE from other UEs and the normal UL timing advance aiming at aligning eNB reception of the signals from the different UEs. For example, as shown in Figure 1, UE1 is within the coverage of eNB1, UE2 is within the coverage of eNB2, and hence they can be assumed to be time-aligned to their respective eNBs. DL transmissions of eNB1 and eNB2 are synchronized but, because the UEs are at different distance from the eNBs, there is no clearly defined timing for the UEs to communicate with each other. This is a consequence of the fact that neither the observed DL timings (DL RX at UE1, DL RX at UE2) nor the normal cellular timing adjusted based on TA for UL transmission (UL TX UE1 and UL TX UE2) can provide a common synchronized timing for the D2D UEs. 
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Figure 1 RX and TX timings of UEs in a synchronous network.

Aligning signals received by a D2D UE can be achieved if the timing advance for D2D is specified relative to the received eNB signal and is half of the normal UL timing advance. If ½ of normal, cellular UL TA is used for D2D transmission timing, D2D signals are transmitted ideally time aligned in a synchronized network. The remaining misalignments are due to UE-UE propagation delays which cannot be compensated anyway. Obviously intra-cell D2D transmission timing can be seen as a special case of Figure 1. 

Proposal: When D2D UEs are within synchronized network and cellular UL TA is available, ½ of the cellular UL TA should be used for D2D transmission timing.
As indicated in [4], UEs in RRC_Idle state cannot be part of D2D communication and hence synchronization is not a problem for UEs with ongoing D2D communication. However, it has not been decided whether the UE in RRC_Idle state can transmit discovery beacon or not. In case an RRC_Idle UE is allowed to transmit its D2D discovery beacon, in most cases the only timing reference it can get is the DL timing from eNB as UL TA is not available. Depending on the resource access schemes for discovery signal transmission (i.e. scheduling based or contention based), the requirement for synchronization can be different and hence synchronization issue of idle mode UE needs to be further studied.
2.2
Asynchronous network

Although the synchronized network operation may lead to simple design of D2D synchronization solution, D2D discovery and communication may also be supported among UEs connecting to different eNBs in an asynchronous network operation.
In case of asynchronous networks, there is no simple way of synchronizing D2D UEs except the cases where the D2D UEs are within the coverage of the same cell where Proposal 1 of in the previous subsection can be directly applied. In general in asynchronous network the radio frames of different eNBs are not aligned in time but in practice at least certain rough information on the timing differences between the eNBs can be obtained.
As to D2D discovery, UEs at cell edge need to keep multiple synchronization instances. Firstly, the UE has to keep synchronized with its own serving cell in order to transmit discovery beacon in the UL resource which is allocated by the serving cell. Synchronization with serving cell also facilitates discovering other intra-cell D2D UEs in a power efficient manner. Secondly, UE at cell edge may wish to discovery D2D UEs from neighboring cells as well as discussed in RAN1#74. In order to support inter-cell discovery in case of asynchronous neighboring cells different options for a UE to get synchronization information of neighboring cells can be investigated:

· Serving cell assisted: in this case the serving cell can provide rough timing offset information between itself and the neighboring cells. In this way, the UE does not need to blindly search over a long time window.
· Direct-detection: in case the UE has good enough DL signal quality from neighboring cells. For example, if the UE can detect PSS/SSS and acquire synchronization information from the asynchronous neighboring cells directly based on the received signal from neighboring cells.

· Discovery beacon/message based: with this option, UE will try to search in a relatively large detecting window if no other information available. After detecting the discovery beacon, further detailed timing information can be included in the discovery message.  

· Possible combination of the above alternatives.

The situation becomes even more challenging for inter-cell D2D communication in an asynchronized network. UL resources will be used for D2D discovery and possibly also for D2D communication. However, in case of D2D communication between UEs from neighboring cells, there has not been any discussion about UL resource usage (in terms of e.g. subframe or PRB based on which cells timing). The D2D communication resource could be from one cell only or also possible using resources from both cells: 
· In case that only the UL resource from one cell (for example cell #1) is used, the UE connected to another cell (for example cell#2) gets the resource allocation information from its serving cell (i.e. cell #2). The serving cell can also provide rough timing offset information to speed up the synchronization process. In case both UEs can get connection to both cells, D2D communication can be operated in a similar way as carrier aggregation. That is to say, the UE keeps tracking two timings: one for cellular communication and another for D2D communication.
· Another possibility is using resources from both cells, i.e. UE transmitting D2D data/discovery beacons with the resource from its own serving cell. In this case, UE has to set different timing for D2D transmission (according to its own cell) and D2D reception (according to neighboring cell). 
·  Even within NW coverage, in case of asynchronous NW, a cluster head type of operation with own SYNC reference is also possible. Also in this case the UE needs to keep two timings as well.

The discussions in on D2D synchronization in case of inter-cell D2D operation for asynchronous networks can be summarized as follows:

Observation: When D2D UEs are within an asynchronous network, rough timing offset information between serving cell and neighboring cells can be utilized to facilitate D2D discovery and communication. How to use UL resource in case of inter-cell D2D operation is FFS, and in case the UL resource from only one cell is used, both UEs need to synchronize with this reference cell.

3
Conclusion
In this contribution, we have discussed D2D synchronization issues in case with synchronous NW or asynchronous NW. The discussion leads to the following proposal & observation:
· Proposal: When D2D UEs are within synchronized network and cellular UL TA is available, ½ of the cellular UL TA should be used for D2D transmission timing.
· Observation: When D2D UEs are within an asynchronous network, rough timing offset information between serving cell and neighboring cells can be utilized to facilitate D2D discovery and communication. How to use UL resource in case of inter-cell D2D operation is FFS, and in case the UL resource from only one cell is used, both UEs need to synchronize with this reference cell.
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