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1
Introduction
D2D synchronization, one of the essential topics applicable to both D2D communication and discovery, has been discussed over several RAN1 meetings. However, there are still quite many open issues on top of the current agreements. One example is the issue related to inter-cell synchonronization which is part of Rel-12 D2D WI, while it was also agreed that it contains no standardized inter-cell coordination based on X2 or air interface (i.e., no RAN1 discussion on inter-cell coordination). 
From RAN1#77, the following points on discovery were agreed [1]:

· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals

· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB
· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling

· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured

· FFS: If all discovery UEs transmit D2DSS

The necessary steps to support inter-cell synchronization have not been really discussed and in this contribution we will address these open issues.
2
Inter-cell D2D synchronization procedure
Inter-cell D2D operation covers both inter-cell discovery and inter-cell communication. In the last RAN1 meeting, most of the necessary parameters to define transmission and reception resource pools for SA, discovery and Mode 2 data have been agreed, including subframeBitmap, offsetIndicator, numPRBs, startPRB and endPRB. 
From the draft LS to RAN2 on D2D RRC parameters [2], it should be observed that the RRC parameters cover the resource pool information on both serving cell and neighboring cells, implying that after a D2D UE receives such RRC parameters, the UE can find out the location of the resource pool from both serving cell and neighboring cells. This is particularly true in case of synchronous networks, with or without time alignment.
However, in case of asynchronous inter-cell D2D operation, the synchronization reference of a transmitting UE from the neighbor cell is different. There should be some ways for the receiving UE to get synchronized with the neighboring cells in order to find out the correct location of D2D resource pool. As already discussed in [3] there are different options to support a receiving UE to get accurate timing information, 
· The simplest way from UE point of view is that serving cells signals the timing information on the resources used in the neighbouring cells. Although it could be that networks could typically be able to provide timing information, such information might not be always available especially considering no inter-cell coordination will be standardized. Hence timing information from the network may be only approximate, which does not completely resolve the synchronization needs, but in any case might help the UE to reduce its search window.
· Direct detection of D2D signals is another way of finding the D2D timing in other cells.
Based on this discussion, direct detection of D2DSS from another in-coverage UE from neighboring cell is the only viable solution, which is supported by the following RAN1 agreement below:
Agreement:
For reception, in-coverage UEs may need D2DSS from another in-coverage UEs for time/freq. synchronization in some inter-cell scenarios”
In order to support both inter-cell discovery and communication, and due to the fact that the resource pools for discovery and communication are configured independently, it is necessary that D2D UEs will transmit D2DSS at the beginning of the resource pools for both SA and discovery not only for Type 1 discovery, unless the start of these resource pools are aligned. However, aligned pools is not a sensible configuration, as it would severely limit the effectiveness of both discovery and communications due to the half-duplex and SC-FDMA constraints. Based on this, we propose to extend the previous RAN1 agreement:
Proposal 1:
In a cell, the first sub-frame of the transmission pool for at least SA and discovery can be used for transmitting the PD2DSS and SD2DSS. 
2.1
Which UE will transmit D2DSS 
In this section we will address one of the open issues from RAN1#77, “it is FFS whether all discovery UEs transmit D2DSS”. It is worth to point out that the discussion in this section is applicable to all different kinds of D2D resource pools as discussed above, and not only applicable to discovery resource pool.
Naturally, the simplest solution is to have all D2D transmitting UEs to transmit D2DSS at the beginning of the D2D resource pool. However, in our view this is not a preferable solution due to various reasons. Depending on the network layout, a UE located at cell center transmitting D2DSS may be unlikely to be detected by other UEs from neighboring cells. The transmission from this UE might not contribute significantly to the possible SFN gain either, especially considering the relative delay between the signal transmitted by this UE and another UE on cell edge. Moreover, power consumption at transmitting UEs is increased due to this unnecessary D2DSS transmission. Finally, unnecessary D2DSS transmission can lead to interference to cellular traffic because of IBE as well. Therefore, it is preferable that only a subset of D2D UEs in the cell transmit D2DSS. In particular it would be more preferred if only UEs at cell border would transmit D2DSS. 

In order to support a subset of UEs to transmit D2DSS, eNB can configure, via broadcast message or dedicated message, the nessary parameters for D2DSS transmission to 
(1) all D2D enabled UEs, 
(2) or only selected UEs are configured. 
For (1), eNB may configure only the triggering conditions for D2DSS transmission, and the D2D enabled UEs start to transmit D2DSS only when the conditions are met. Such triggering conditions could include RSRP thresholds for the serving and neighbouring cells. Another important triggering condition, not related to inter-cell discovery, could be detection of the presence of out-of-coverage UEs via D2DSS from D2DSSue_oon, as discussed in our companion contribution [5]. Before D2DSS transmission, UE may report to eNB about D2DSS transmission. If only selected UEs are configured according to (2), how to select UEs will become a new issue to be solved and may lead to a more complex solution.
When the triggering conditions are met, the UE will transmit D2DSS according to the configured parameters including at least sequences and resources. As discussed in [5], presence detection of D2DSS from out-of-coverage UEs can be based on the detected synchronization sequences from D2DSSue_oon. If there is unsynchronized D2DSS detected from out-of-coverage UE, the in-coverage UE starts to transmit D2DSS. No specific method to determine whether UE at cell border is necessary since the solution can be simply based on regular measurement for example RSRP from serving cell and neighbor cells. There could be further optimizations for example based on signal strength of the detected D2DSS from other UEs within the same cell. In this case it is assumed that not every configured UE will transmit D2DSS even if they are at cell border, as those who detect strong D2DSS transmissions from the same cell are not required to transmit at the same time. The UEs can identify if the detected D2DSS is form the serving cell just based on the configured parameters. Of course this optimization can be left for future release.
In order not to bring any confusion to the receiving UEs, all D2DSS transmitting UEs from the same cell will use the same resource and timing, i.e. in SFN way.  
Based on the discussion above, we have the following proposal on the selection of D2DSS transmitting UEs: 
Proposal 2:
eNB configures all D2D enabled UEs with the necessary information for D2DSS transmission. In-coverage UE will transmit D2DSS only when:

· An unsynchronized D2D synchronization sequence (unsynchronized compared to NW synchronization reference) from out-of-coverage UEs is detected.
· The UE is close to the cell border, i.e. RSRP from serving cell<X and RSRP from neighboring cell >Y. The value of X and Y can be configured.

3
Conclusion

In this contribution, firstly we discussed the inter-cell synchronization procedure, mainly on how the UEs can synchronize to neighboring cells. Then the open issue on “Which UE will transmit D2DSS” is addressed. Based on our discussion, we have the following proposals:
Proposal 1:
In a cell, the first sub-frame of the transmission pool for at least SA and discovery can be used for transmitting the PD2DSS and SD2DSS. 
Proposal 2:
eNB configures all D2D enabled UEs with the necessary information for D2DSS transmission. In-coverage UE will transmit D2DSS only when:

· An unsynchronized D2D synchronization sequence (unsynchronized compared to NW synchronization reference) from out-of-coverage UEs is detected.
· The UE is close to the cell border, i.e. RSRP from serving cell<X and RSRP from neighboring cell >Y. The value of X and Y can be configured.
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