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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
In D2D operations inside network coverage, it is reasonable to assume that each UE uses its serving cell as the synchronization reference of D2D signal transmissions.
 Otherwise, a UE needs to track two different cells as the synchronization references for WAN transmission and D2D transmission, which would make the UE implementation complicated. Under this assumption, a UE needs to be able to receive D2D signals transmitted from a neighboring cell, to be specific, transmitted from UEs that are synchronized with a neighboring cell.

In the intra-cell D2D operation, it is generally understood that the eNB signals information necessary for D2D signal reception. This signaling includes at least the time/frequency location of the resource pool used for each D2D operation (e.g., mode 1 communication, type 1 discovery, type 2 discovery) and any related parameters (e.g., scrambling seed, DM RS sequence, and so on). For the possibility that an RRC_Idle UE (including UEs in the edge-of-coverage) receives D2D signal, it is necessary to use a broadcast mechanism like SIB for this signaling. The same mechanism can be used to support 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 the related parameters. Then it signals this information so that UEs associated with it are able to receive D2D signals transmitted from the neighboring cell. The following agreement made in RAN1#76bis is in line with this approach:

· Confirm that a radio resource pool(s) may be provided by eNB for D2D UEs in SIB for discovery reception for Type-2B (if supported)
· FFS whether the common reception pool(s) or different reception pools for type 1 and Type-2B discovery
· UE is not required to decode neighboring cell SIB
By this agreement, D2D resource pool can be signaled via SIB but a UE does not read neighboring cell SIB. Therefore, the most straightforward way is for the serving cell to provide neighboring cell resource pool via its SIB.

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. Therefore, the signaling of D2D configuration of a neighboring cell needs to indicate which cell is used for the synchronization reference by the transmitters. 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. In this case, the list of the synchronization reference cells can have a form of the indication whether the serving cell can be used as the synchronization reference. 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. To assist UEs to be synchronized with a neighboring cell, resource muting can be operated in the network so that serving cell signal does not interfere with detecting neighboring cell’s PSS/SSS [1].
Proposal 1: To support inter-cell D2D in Rel-12, it is assumed that each cell learns information about a neighboring cell’s D2D operation by a non-standardized way.

Proposal 2: The serving cell signals D2D-related configuration in the neighboring cells including

· Time/frequency location of the resource pool

· Related parameters such as scrambling seed and DM RS sequence
· List of cells that can be used as the synchronization reference in the resource pool

· Indication whether the serving cell can be used as the synchronization reference.

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 the above-mentioned muting operation is inapplicable or insufficient, but it is also noted that this alternative requires a new operation of performing time/frequency synchronization based on 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. On the other hand, from the perspective of signaling to UEs, UE relaying the synchronization reference signal seems to require the indication of the synchronization reference cell at least for purpose of indicating the transmit synchronization reference. An RRC_Idle UE transmitting D2D signal (e.g., type 1 discovery) needs to know which D2D resource pool is associated with which synchronization reference cell, so one straightforward way is to provide a one-to-one relationship between the D2D resource pool and the list of the synchronization reference cells as in Proposal 2. For example, the same seed value, which can be considered as a kind of virtual cell ID, can be used to generate D2DSS and DM RS. After getting this information, the UE can transmit D2D signals irrespective of whether D2DSS precedes or not. Thus, the signaling structure in Proposal 2 is actually independent of whether D2DSS is used or not for inter-cell D2D, and in this sense, using D2DSS for inter-cell D2D can be considered as a supplementary solution.
Proposal 3: Further study is necessary on whether D2DSS can be used as a supplementary tool for inter-cell D2D considering capability of 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: To support inter-cell D2D in Rel-12, it is assumed that each cell learns information about a neighboring cell’s D2D operation by a non-standardized way.

Proposal 2: The serving cell signals D2D-related configuration in the neighboring cells including

· Time/frequency location of the resource pool

· Related parameters

· List of cells that can be used as the synchronization reference in the resource pool

· Indication whether the serving cell can be used as the synchronization reference.

Proposal 3: Further study is necessary on whether D2DSS can be used as a supplementary tool for inter-cell D2D considering capability of non-public safety UEs.
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� More consideration seems necessary for the transmit synchronization reference of RRC_Idle UEs if a clear UE behavior needs to be defined for them in this regard.
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