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1. Introduction
At the RAN#58 meeting, a new SI on LTE device-to-device proximity services (ProSe) was approved [1]. At the RAN1#73 meeting, the following agreements were made on device synchronization 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 5: The synchronization reference is transmitted by an external source, e.g. GNSS
· Other options are not precluded. 
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
Based on the above agreements, this contribution discusses issues on D2D discovery with asynchronous eNBs (in the FDD system). The discussion focuses on a general scenario within NW coverage.
2. Analysis on Global or Local Synchronization 
As agreed in RAN1#73, the transmission of a D2D signal should be based on the reception timing of the synchronization reference. Two options for the synchronization reference (option 1 and option 5) are considered for further study for the D2D discovery signal within NW coverage. 
If option 5 is considered, the synchronization reference comes from an external source, e.g., GNSS. The synchronization references received by different UEs could be well synchronized, and thus global synchronization can be achieved. 

However, if option 1 is considered, the synchronization reference is derived from the timing of a cell. The synchronization references received by UEs located in different cells would be derived from the timing of different cells. Whether or not the synchronization references for D2D discovery signal transmission for UEs in different cells are synchronized will depend on whether or not the timings of the different cells are synchronized.
For the TDD system, inter-cell synchronization within 3us is necessary [2] and as a consequence, global synchronous is the baseline, e.g., macrocells can be synchronized using GPS. The timing of different cells is synchronous and in turn global synchronization for D2D discovery signal transmission can be achieved.
On the other hand, for the FDD system, macrocells are potentially unsynchronized with each other. The timing of different cells can be asynchronous and in turn local synchronization should be considered.
3. Issues on Local Synchronization When eNBs Are Asynchronous
With global synchronization, UEs can achieve synchronous timing from synchronous synchronization references prior to the discovery process. Therefore, by coordinating the resource assignment for D2D discovery among different cells, same subframes for discovery signal transmission can be utilized regardless of whether UEs are located in the same cell or different cells (as shown in Fig. 1). 
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Figure 1 - D2D discovery when eNBs are synchronous (e.g. TDD system)
On the other hand, with local synchronization, UEs in the same cell can achieve synchronous timing from the same synchronization reference, but UEs in different cells would achieve asynchronous timing from asynchronous synchronization references (as shown in Fig. 2). 
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Figure 2 - D2D discovery when eNBs are asynchronous (e.g. FDD system)

The following two issues should be considered: 

1) How to support cross-cell D2D discovery efficiently. For example, in Fig. 2, the timings for the discovery signal transmission in cell A and cell B are not synchronous. UE 2 cannot directly listen for the discovery signal sent by UE 1. 

 2) How to avoid imparting interference from the discovery siganls to cellular UL signals in neighboring cells, as D2D operation in UL spectrum in the case of FDD system has been agreed in the last meeting. For example, in Fig. 2, the discovery signal sent by UE 1 would interfere with the UL signal received at eNB B.
3.1. Cross-cell D2D discovery 
The possibility that cross-cell D2D discovery occurs may depend on the size of the cell area and the estimated range of the D2D discovery. If cross-cell D2D discovery is not supported, the devices near the cell border may not be able to discover other devices that are within its proximity but in other cells.
Proposal 1: The need for D2D discovery among devices in different cells with asynchronous macrocells (FDD) should be clarified.
If it is determined that cross-cell D2D discovery should be supported, efficient solutions are important. Intra-cell D2D discovery could be considered as the basis, where UEs can achieve synchronous timing from the same synchronization reference. Cross-cell D2D discovery should try to reuse the design of intra-cell D2D discovery to reduce energy consumption of the devices and to save system resources. In addition, unified design of the discovery signal is preferred for both inter-cell and intra-cell discovery and for both synchronous and asynchronous macrocell deployments. 
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Figure 3 - Alternatives for cross-cell D2D discovery with asynchronous eNBs
The following two alternatives for enabling cross-cell discovery with asynchronous eNBs may be considered as shown in Fig. 3.
Alt. 1: The device listens during the discovery subframe of a neighboring cell. For example, in Fig. 3, UE 2 additionally listens for the discovery signals from UE 1 in the neighboring cell.
Alt. 2: The device sends the discovery signal during the discovery subframe of a neighboring cell. For example, in Fig. 3, UE 1 additionally transmits a discovery signal so that UE 2 in the neighboring cell can listen.
Furthermore, UEs may learn to listen or send discovery signals during with subframes from/to neighbor cell devices with the assistance of its own eNB.

Proposal 2: If cross-cell D2D discovery is necessary, cross-cell D2D discovery should reuse the design of intra-cell D2D discovery, and two cross-cell discovery alternatives should be considered for study
· Alt. 1: The device listens during the discovery subframe of a neighboring cell.
· Alt. 2: The device sends the discovery signal during the discovery subframe of a neighboring cell.
3.2. Interference to cellular UL signals
It is important that the legacy cellular operation should not be interrupted by D2D operations. Therefore, the network (eNB) should be able to control the discovery signal transmission to mitigate the interference. In Fig. 4, an example is shown on how to mitigate the interference imparted from the discovery signals to the received eNB UL signal. The eNB can set and control the criteria for synchronization reference switching and discovery signal transmission/reception for cross-cell discovery. Therefore, eNB A could control the cell-edge UE i.e., UE 1, which causes a high level of interference, e.g., to eNB B, to switch to new synchronization reference of eNB B. After switching, UE 1 would send a discovery signal according to the timing of cell B, and thus its interference to eNB B will disappear. During the process, new measurement & measurement reports may be needed to initiate interference control.
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Figure 4 - Example on interference mitigation 

Proposal 3: The network (eNB) should be able to control the discovery signal transmission to mitigate interference.
4. Conclusion

In this contribution we discussed issues related to D2D discovery with asynchronous eNBs. Based on the discussion, we propose the following.
Proposal 1: The need for D2D discovery among devices in different cells with asynchronous macrocells (FDD) should be clarified.
Proposal 2: If cross-cell D2D discovery is necessary, cross-cell D2D discovery should reuse the design of intra-cell D2D discovery, and two cross-cell discovery alternatives should be considered for study.
· Alt. 1: The device listens during the discovery subframe of a neighboring cell.
· Alt. 2: The device sends the discovery signal during the discovery subframe of a neighboring cell.
Proposal 3: The network (eNB) should be able to control the discovery signal transmission to mitigate interference.
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