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1
Introduction
How to support LTE device to device for proximity service has been discussed in several RAN1 WG meetings since the approval of SI [1]. According to the scope of the SI, the two main topics need to be investigated in RAN1 are: discovery and communication. And furthermore, as already agreed within RAN1 WG, the following scenarios are to be considered for D2D operation:

· With network coverage

· Out of network coverage

· And partial network coverage.
From physical layer design of view, in order to efficiently support D2D discovery and communication, an essential issue to be discussed is synchronization. In RAN1#73, the following agreement (not a full list) was achieved [2]:

“In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference

· T2 is an offset which is positive, negative, or zero.
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage”
Different synchronization options were listed for further study. 

In general, D2D synchronization means how UEs can achieve time and frequency synchronization for efficient D2D discovery and communication. The synchronization solutions may depend on the deployment scenarios. UEs that are within network coverage are synchronized with the network, and hence the D2D synchronization can benefit from the eNB-UE synchronizations as discussed below in this contribution. The synchronization issues in the scenarios of out of coverage and partial coverage are addressed in a companion contribution [3].
2
D2D synchronization with NW 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, especially considering whether the cells are synchronized or not, UE state etc. needs further discussion.
2.1
Synchronous network
In order to support synchronous D2D communication, UEs needs to know the timing information before transmitting any kind of D2D signals, i.e. UE needs to first derive D2D transmission timing based on the available cellular timing.

First we will have a look at the D2D UEs in RRC_Connected state and the network is running in a synchronous mode due to other reasons, e.g. TDD, COMP, eICIC and so on. For these UEs, the D2D transmission timing can be derived based on timing advance (TA) information. However, it should be observed that 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 timing adjusted based on TA for UL transmission (UL TX UE1 and UL TX UE2) can provide a common synchronized timing for the 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 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 times which cannot be compensated anyway. Obviously intra-cell D2D transmission timing can be seen as a special case of Figure 1. 

Observation 1: When D2D UEs are within synchronized network and TA is available, ½ of the normal TA can be used for D2D transmission timing.
For UEs in RRC_Idle state, since there is no UL synchronization (and thus no TA available) and the only available timing reference from cellular is DL timing, how to derive the D2D timing based on DL timing only is FFS.

2.2
Asynchronous network

Although the synchronized network operation may lead to simple design of D2D synchronization solution, D2D discovery and communication could be supported also among UEs connecting to different eNBs in an asynchronous network. 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 and then the proposal in Section 2.1 can be directly applied. In general in asynchronous network the radio frames of different eNBs may 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 synchronizations. 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 service 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. Since the cells are not synchronized, UE needs to listen in a much wider window in order to detect the discovery beacon if there is no synchronization information available at all. While if the UE can get e.g. some rough timing offset information between serving cell and neighboring cells, the size of searching window can be reduced based on the offset information. Therefore the discovery efficiency can be improved and possibly the interruption of regular cellular operation is much less as well.
The situation becomes more challenging for inter-cell D2D communication in an asynchronized network. As agreed in last RAN1 meeting [2], the UL resource will be used for D2D discovery and possible for D2D communication as well. However, in case of D2D communication between UEs from neighboring cells, there is no discussion about UL resource (in terms of e.g. subframe or PRB) from which cell will be used. The D2D communication resource could be from one cell only or also possible using resource from both cells - but further studies are needed considering (a) the required rough understanding of neighbor cell timing between the cells , (b) a rough alignment of D2D resources allocations between neighboring cells as well as (c) the needed related information exchange between neighbor cells,. 
Observation 2: When D2D UEs are within asynchronized 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 communication is FFS.
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 observations:
Observation 1: When D2D UEs are within synchronized network and TA is available, ½ of the normal TA can be used for D2D transmission timing.

Observation 2: When D2D UEs are within asynchronized 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 communication is FFS.
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