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1. Introduction
Inter-cell D2D is a part of Rel-12 D2D WI, and at the same time, it was agreed to support inter-cell D2D with no standardized inter-cell coordination based on X2 or air interface (i.e., no RAN1 discussion on inter-cell coordination). This implies that Rel-12 inter-cell D2D is based on a non-standardized inter-cell coordination like OAM-based coordination. In this contribution, we discuss how to support inter-cell D2D in Rel-12 WI under the assumption that all the D2D-participating cells are already aware of any information necessary for inter-cell D2D. It is noted that inter-cell D2D in this contribution can cover all the cases where UEs locating in different cells perform D2D communications or discovery including inter-frequency and inter-PLMN D2D. 
2. Discussion
During the email discussion [77-20] RRC parameter list and LS for D2D, it was agreed that the information of the D2D resource pools of neighboring cells are signaled to the UEs to assist their D2D receptions. Basically, the same mechanism can be used to support the resource pool configuration for the intra-cell D2D and the inter-cell D2D. By using a non-standardized inter-cell coordination, the serving cell can learn the time/frequency location of the resource pool used for each D2D operation in a neighboring cell as well as any necessary parameters. Then it signals this information so that UEs associated with it are able to receive D2D signals transmitted from the neighboring cell. We note that such inter-cell resource pool information sharing is necessary in order to guarantee inter-cell D2D performance. If the full-duplex operation is not supported between WAN TX to the serving cell and D2D RX from the neighboring cell, a UE cannot receive D2D signal from a neighboring cell at a subframe in which it transmits any WAN signal due to the prioritization of WAN over D2D. Thus, in order to guarantee the inter-cell D2D performance, the eNB needs to restrict its UL scheduling such that no WAN TX is scheduled in the subframes in which neighboring cell UEs transmit D2D at least for some important D2D signals such as the scheduling assignment and D2DSS.
One difference of inter-cell D2D from the intra-cell D2D is that the synchronization reference of the signal transmitters is not the serving cell of the receive UEs. Especially in the asynchronous deployment, resource pools configured by two different cells in general are separated in time from the receiver UE point of view. Therefore, the signaling of D2D resource pool configuration needs to indicate what the synchronization reference is for each resource pool, so that the UE can associate a correct pair of synchronization reference and D2D time/frequency resource. 

The basic assumption for an in-coverage UE is that the transmit synchronization reference is its serving cell, thus a neighboring cell UE needs to know the cell ID of the serving cell associated with each resource pool. As discussed in [1], a set of cells can share the same synchronization reference (e.g., cells created by a single cell site) or be well-synchronized with each other to support CoMP or eICIC. Thus, the synchronization reference can be a list of cells. Each receive UE first gets synchronized with one of the cells indicated as the synchronization reference, then it receives D2D signals in the indicated time/frequency resources using the synchronization. We note that the serving cell can be included in the list of the synchronization reference cells of a D2D configuration of a neighboring cell if that neighboring cell is synchronized with the serving cell. If the receive UE knows that the synchronization reference cells for a specific inter-cell D2D operation are synchronized with the serving cell, it can skip the procedure of being synchronized with the neighboring synchronization reference cells. This synchronization status between cells can be known to each cell by a non-standardized way as well. By using this information on the cells synchronized together, the number of synchronization references a UE needs to track can be minimized thereby simplifying the UE implementation. In other words, if a UE is aware that a certain set of cells are synchronized, it becomes possible for the UE to read all the resource pools for these cells after getting synchronized with only one of them.
Proposal 1: The serving cell signals D2D-related configuration in the neighboring cells including

· Time/frequency location of the resource pool with any necessary parameters
· The ID of the cell associated with each resource pool as the synchronization reference
· Information on the set of cells that are synchronized together.
Details of the necessary parameters are dependent of the exact operation of D2D transmission and receptions. Two examples are discussed as follows:
· The UE needs to know whether a neighboring cell is operating FDD or TDD if the interpretation of the time location of the resource pool is dependent of the duplex mode, e.g., if the D2D subframe indication skips the subframes fixed to DL in TDD cases. One way is to signal the duplex mode of the neighboring cell as a part of the resource pool configuration.

· The UE needs to know the frame and slot numbers of a neighboring cell if the resource pool indication or D2D signal generation is dependent of them. One way is to signal the frame and subframe offset of the neighboring cell as a part of the resource pool configuration.

D2DSS can be used to forward the time/frequency reference of a cell to UEs not associated with the cell. This can solve the problem when a UE is within the D2D coverage of a neighboring cell UE but it cannot receive PSS/SSS of the neighboring cell, e.g., due to the interference from its own serving cell signal. However, it should be noted that the transmission of D2DSS is up to the network choice. Furthermore, this alternative based on D2DSS requires a new operation of performing time/frequency synchronization using the signals transmitted from UEs. Although D2DSS should be supported in UEs capable of D2D communication outside network coverage, introducing the new operation of D2DSS transmission and detection would be an additional UE implementation complexity for non-public safety UEs that are not necessarily supposed to implement D2DSS. In addition, the detection performance of D2DSS can be worse than that of PSS/SSS at least for a UE close to a neighboring cell because D2DSS transmission period is longer than PSS/SSS. Also, searching D2DSS will have impact on WAN DL RX if the UE is equipped with only one RX chain and on WAN UL TX which cannot coexist with D2DSS RX. Therefore, using D2DSS as the synchronization reference should be considered as an optional feature in supporting inter-cell D2D.
Proposal 2: Using D2DSS as the synchronization reference should be considered as an optional feature in supporting inter-cell D2D for non-public safety UEs.
3. Conclusion

This contribution discussed how to support inter-cell D2D in Rel-12. The proposals are summarized as follows:
Proposal 1: The serving cell signals D2D-related configuration in the neighboring cells including

· Time/frequency location of the resource pool with any necessary parameters

· The ID of the cell associated with each resource pool as the synchronization reference
· Information on the set of cells that are synchronized together.
Proposal 2: Using D2DSS as the synchronization reference should be considered as an optional feature in supporting inter-cell D2D for non-public safety UEs.
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