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1. Introduction
This contribution discusses remaining details on DL gap for D2D discovery. 
2. Discussion
2.1. Details of setting DL gap for discovery
To define the behavior of UE with a single Rx chain, the following agreement was made in RAN1#78bis meeting. Throughout this paper, the subframes that are not expected to be read by the UE for the discovery reception are called “DL gap.”
Agreement:

· For FDD carriers:

· At least for UEs with a single Rx chain (FFS subject to the UE capability discussion whether this also applies for UEs with a shared D2D/cellular Rx chain), a UE that is receiving D2D discovery signals on an UL carrier is not expected to read DL signals on the DL carrier paired to such UL carrier during the subframes belonging to the “D2D discovery pools” on that UL carrier as well as one subframe preceding and following these subframes 

· The discovery pools are configured by the eNB by broadcast or UE-specific signaling

· FFS: For RRC_CONNECTED UEs, 1 bit may be signalled using RRC signaling indicating whether this rule applies or not (on a per UE basis)

· Cellular measurement gaps subframes are excluded from this rule

· Paging reception is prioritized over D2D reception 

· For TDD carriers:

· A UE configured by the eNB to monitor D2D on a certain carrier is expected to read DL signals on that carrier according to legacy procedures.

On the other hand, the following agreement was made to inform the UE of the reference synchronization window of each neighboring cell:
Agreement:
· If higher layer indicates w1 in a given neighbor cell, UE may assume for the purpose of discovery a reference synchronization window of size +/-w1 ms for that neighbour cell with respect to neighbour cell D2DSS resource

· w1 is a fixed value and decided by RAN4
· UE may assume D2DSS is transmitted in that cell
· If higher layer indicates w2 in a given neighbor cell, UE may assume for the purpose of discovery a reference synchronization window of size +/-w2 ms for that neighbour cell with respect to neighbour cell discovery resource 
· Exact value of w2 is decided by RAN4
· RAN1 recommend  w2 as not greater than CP length (of the order of CP length)
· UE expects that D2DSS indicated by the resource pool configuration appears only within signaled reference synchronization window
Combining these agreements, the operation in the first agreement is valid for D2D discovery pools of the serving cell or a neighboring cell for which the window length w2 is indicated. However, for the pools of a neighboring cell for which the window length w1 is indicated, 1 ms margin before and after the discovery pool is not sufficient to accommodate the ambiguity of the cell timing. In other words, DL gap should be defined as the subframes belonging to the neighbor cell’s discovery resource pools on that UL carrier as well as (ceil(w1)+1) subframes preceding and following these subframes. Furthermore, the UE needs to receive D2DSS that appears at the first subframe of the pool or at the latest subframe before the pool. This requires additional DL gap on the neighboring cell’s D2DSS subframes associated with the discovery pools as well as (ceil(w1)+1) subframes preceding and following these subframes. Figure 1 compares the necessary DL gap for neighboring cells with the synchronization window length w2 and w1. It can be further discussed whether DL gaps for discovery resource pool and the associated D2DSS subframe will appear as a single continuous DL gap or two separated DL gaps. Also, it needs to be discussed whether DL gap for D2DSS subframe can be configured for a UE not capable of D2DSS.
Proposal 1: RAN1#78bis agreement on DL gap for discovery applies for discovery pools of the serving cell or a neighboring cell for which the synchronization window length w2 is indicated. For a neighboring cell with the synchronization window length w1, DL gap is set both on discovery pools and the associated D2DSS subframes as well as (ceil(w1)+1) subframes preceding and following these subframes.
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Figure 1. Illustrations of discovery DL gap for a neighboring cell with (a) synchronization window length w2 and (b) synchronization window length w1.

It is FFS whether the eNB can control the setting of DL gap for each UE. Depending on the UE capability and CA configuration, such DL gap may not be necessary for some UEs. For example, if a UE is capable of both communication and discovery, and if the configured DL CA supports simultaneous reception of WAN DL and D2D, no DL gap is necessary for the UE to receive discovery. Even if a UE is not capable of D2D communication, it is possible to define some UE capability signaling to indicate in which condition a UE requires DL gap [1]. Thus, in order to minimize DL subframe loss, it is reasonable to introduce the controllability of DL gap for discovery in a UE-specific manner.
Assuming that DL gap can be controlled by the eNB, it needs to be further discussed whether DL gap can be configured only for a certain resource pool and/or for a certain cell. A UE may not be interested in receiving discovery transmitted from a pool with a certain usage index. Also, a UE may not be possible to receive discovery transmitted from a certain neighboring cell due to the distance from the cell. For an optimized DL gap configuration, it would be desirable for the eNB to control DL gap configuration in a pool-specific and/or neighboring-cell-specific manner.

Proposal 2: The eNB controls the configuration of DL gap for discovery in a pool-specific and/or neighboring-cell-specific manner.
2.2. UE behavior in DL gap

It also needs to discuss about how UEs with a single Rx chain perform DL WAN operation in DL gap. For example, if a reception timing of PHICH falls in DL gap, it can be defined that a UE assumes the PHICH as ACK and reports this information to its higher layer in order to prevent unintended PUSCH retransmissions. In addition, if a CSI reference resource (subframe#n) related with CSI reporting falls in DL gap, this CSI reference resource can be replaced with the latest valid DL subframe (not located in DL gap) before subframe#n. Here, as another solution, it can be defined that a UE reports the predefined value of CSI. Also, the behavior related to the DRX counter needs to be defined, e.g., the UE continues the DRX counting in DL gap as it can receive PDCCH in another serving cell (i.e., another aggregated carrier) in which it does not receive D2D discovery.
Proposal 3: UE behavior in DL gap needs to be clarified in the aspects including PHICH handling, CSI reference resource definition, and DRX counter.
3. Conclusion

This contribution discussed remaining details on DL gap for D2D discovery. The proposals are summarized as follows:
Proposal 1: RAN1#78bis agreement on DL gap for discovery applies for discovery pools of the serving cell or a neighboring cell for which the synchronization window length w2 is indicated. For a neighboring cell with the synchronization window length w1, DL gap is set both on discovery pools and the associated D2DSS subframes as well as (ceil(w1)+1) subframes preceding and following these subframes.
Proposal 2: The eNB controls the configuration of DL gap for discovery in a pool-specific and/or neighboring-cell-specific manner.
Proposal 3: UE behavior in DL gap needs to be clarified in the aspects including PHICH handling, CSI reference resource definition, and DRX counter.
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