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1. Introduction
One objective of Rel-13 eD2D WI is to enhance D2D discovery in multiple carriers [1]:
3) Enhance D2D discovery support in the presence of multiple carriers and PLMNs:

a) Allow D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell [RAN2, RAN1, RAN3, RAN4].
In order to fulfil the above objective, it needs to be defined how the UE can know the TX and RX resource pools in other carriers as well as how the UE utilizes its limited TX and RX capability in the multi-carrier scenarios. This contribution focuses on these two aspects. For brevity, a carrier which is not PCell of a UE is called non-PCell throughout this paper, and a non-PCell can be an SCell, a non-serving carrier belonging to the same PLMN as PCell, or a carrier belonging to a different PLMN.
2. Resource pool configuration 
In Rel-12 discovery, the eNB signals the configuration of TX and RX resource pools only for the carrier in which this signaling is transmitted. For the other carriers, the eNB only can inform the list of carriers on which discovery may be operated, and if a UE is interested in discovery monitoring in the other carriers, the UE may read SIB from other carriers to acquire the resource pool configuration. However, such Rel-12 inter-carrier discovery monitoring is operated in a best-effort basis, and the eNB has no idea about when the UE actually operates the inter-carrier discovery. It is our understanding that the Rel-13 objective of the multi-carrier discovery is to define more predictable UE behavior and related performance requirement, especially for discovery transmissions which consumes radio resources and causes interference. In order to achieve this objective, it is necessary to have a clear definition of the resource pool in a non-PCell so that the UE behavior about the pool can be explicitly specified in a predictable manner. Therefore, the eNB needs to signal TX and RX resource pools for a non-PCell on which the related UE behavior can be clearly defined.
Proposal 1: The eNB can signal via PCell the TX and RX discovery resource pool configuration of a carrier other than PCell.

We discuss the aspects of TX pool and RX pool in the subsequent subsections, respectively.

2.1. Transmission in a non-PCell
For the transmission point of view, it first needs to be discussed how the UE determines the transmit synchronization reference. As illustrated in Figure 1, there are two different cases; the TX UE is inside (case 1) or outside the network coverage (case 2) in the concerned non-PCell while it is inside network coverage in PCell.
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Figure 1. An illustration of the coverage cases in the presence of multiple carriers.
It is noteworthy that, even in the CA case, the timing of PCell and non-PCell can be different, e.g., due to the difference in the propagation delay in HetNet deployments like Figure 2 which was the motivation of introducing multiple TAGs in Rel-11 CA. Thus, in case 1, it is desirable to use a cell in the non-PCell as the transmit synchronization reference when a UE transmits D2D in the non-PCell. For this, the eNB needs to signal the ID of the synchronization reference cell for each TX pool in the non-PCell, similarly to the case of RX pool of neighboring cells in Rel-12. When receives this information, the TX UE is first synchronized with the indicated reference cell, and then transmits D2D according to the resource pool configuration. The indicated cell becomes the reference of all the transmission operations in the resource pool, e.g., the RSRP-based SLSS transmissions, RSRP-based resource pool selection, and the path-loss dependent open loop power control. When the UE is in RRC_Connected state in the PCell, one TX pool with a single reference cell can be sufficient as the network can select the reference cell based on the RRM report from the UE. We note that the indication of the reference cell ID may be omitted when the UE is already connected to a cell in the non-PCell by CA or dual connectivity in the non-PCell because the connected cell naturally becomes the transmit synchronization reference. When the UE is in RRC_Idle state, however, there can be multiple small cells on the non-PCell carrier within the coverage of PCell as shown in Figure 2, so the PCell signaling (by SIB) needs to include multiple TX pools each of which has an associated reference cell. In addition, a proper selection procedure needs to be defined for the reference cell in the non-PCell carrier.
Proposal 2: PCell indicates the ID of the transmit synchronization reference cell for each discovery resource pool in a carrier other than PCell.
Proposal 3: For RRC_Idle UEs, PCell can configure multiple TX pools for a carrier other than PCell, and one TX pool is selected according to a proper selection procedure.
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Figure 2. An illustration of HetNet deployment with multiple carriers.
Discussions for case 2 need to be done in the context of the D2D synchronization procedure because in-coverage and out-coverage situations are mixed across carriers in a single UE. In other words, it first needs to be decided whether the UE operates as out-coverage UE or in-coverage UE or some new behavior needs to be defined. The following options can be considered:
Option 1) The UE operates as an out-coverage UE in the non-PCell, which is in line with the Rel-12 synchronization procedure where the network coverage status is defined per carrier. In this option, however, the network has no controllability of D2D operations in the non-PCell, and it may be difficult to coexist WAN in PCell and D2D in the non-PCell efficiently. For example, the UE will be synchronized with SLSS from another out-coverage UE which already exists in the non-PCell, and the location of D2D operation will be unknown to the eNB which makes it impossible to do TDM between WAN TX and D2D TX over the two carriers.
Option 2) The network still has controllability of D2D operations in the non-PCell. For example, the network can configure the resource and sequence of SLSS transmission in the non-PCell via signaling in PCell. By this control, the network can know the location of D2D operations in the non-PCell, thereby enabling more efficient coexistence with WAN. For more details on the synchronization transmission, we can consider the following options:
Option 2-1) The UE transmits synchronization of in-coverage UEs. This will be prioritized over SLSS from other out-coverage UEs in the non-PCell carrier.
Option 2-2) The UE transmits synchronization of out-coverage UEs, ignoring any SLSS from other out-coverage UEs in the non-PCell carrier.

We note that the above options can coexist. For example, the UE takes Option 1 when no synchronization resource is configured on the non-PCell, but it follows the network instruction using Option 2 whenever a synchronization resource configured on the non-PCell.

Proposal 4: Further study is necessary on how the synchronization operates when no cell is observed on a carrier other than PCell.
2.2. Reception in a non-PCell
A reference cell is also needed for RX pools configured in the non-PCell. In Rel-12 discovery, SFN#0 of the signal providing cell is the reference of all the subframe bitmaps for the resource pool configuration. Also, the synchronization window (w1 or w2) is signaled for each pool so that the UE gets synchronized with the resource pool assuming that the timing error with respect to the signaling cell is limited within the indicated synchronization window. In order to reuse this resource pool structure for RX operations in a non-PCell, the receive reference cell needs to be decided. Either PCell (i.e., the signaling cell) or cell(s) in a non-PCell can be the receive reference cell.
In a network operating dual connectivity, PCell may not be synchronized with cells in a non-PCell. So, if PCell is used as the receive reference cell in the non-PCell, all the RX pools may be indicated to have a large synchronization window (i.e., w1) irrespective of the synchronization status among the cells in the non-PCell. As a result, if no further information is provided, a UE needs to repeat searching the timing of the RX pools. This unnecessary operation can be avoided by allowing additional information such as assuming time synchronization among the cells sharing the same SLSS ID or providing the list of cells that are time-synchronized. Alternatively, a cell or a set of synchronized cells in the non-PCell carrier can be the receive reference cell. After receiving the resource pool configuration from PCell, the UE can follow the Rel-12 procedure except that the indicate cell(s) play the role of reference instead of PCell.
Proposal 5: It needs to be decided how to determine the receive synchronization reference cell for the resource pools in a carrier other than PCell.

3. UE transmission and reception capability

The assumption in Rel-12 discovery design was that a UE is not mandated to be equipped with TX or RX circuits dedicated to D2D. The specification was based on the assumption that a UE is allowed to switch the circuit used for WAN to the D2D purpose. We note that this switching was the baseline even in PCell in FDD, i.e., a UE switches WAN receiver in DL carrier to UL carrier for the reception of discovery. In order to keep the UE complexity at a similar level, it is proposed to keep the same assumption in Rel-13 discovery. If needed, additional UE capability signaling can be defined in order to inform the network of the precise capability of simultaneous TX and RX in multiple carriers for discovery at the UE.
Proposal 6: A UE is not mandated to have TX or RX circuits dedicated to D2D in Rel-13 discovery. Additional UE capability signaling can be defined in order to inform the network of the precise capability of simultaneous TX and RX in the presence of multiple carriers.

A proper solution is needed to handle the case where the configuration of carriers for WAN and D2D exceeds the limitation in TX and RX of the UE. In Rel-12, the concept of “ProSe gap” was agreed in RAN1 but not included in the final specification due to the lack of time to resolve the related issues. By the following ProSe gap, a UE can stop receiving WAN in a carrier (DL carrier in the agreement) during the gap and switch the receiver to another carrier (UL carrier in the agreement) for discovery reception.
Agreement (RAN1#78bis):

· 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 

We propose to introduce such ProSe gap in Rel-13 discovery for efficient TDM between WAN and D2D discovery at a UE with a limited RF capability. A UE stops monitoring WAN DL reception in the ProSe gap and starts to receive discovery in another carrier (in the associated UL carrier or in a non-associated carrier). We note that this ProSe gap needs to cover any subframes necessary for discovery reception, which include the carrier switching time and the SLSS reception.
ProSe gap is also necessary from the transmission point of view when a UE switches a single TX circuit between WAN UL TX in PCell and discovery TX in the non-PCell. We note that the associated DL reception is virtually deactivated if the corresponding UL subframe is included in the ProSe gap for TX. In other words, in FDD, if WAN UL TX is stopped in subframe #n+4, receiving UL grant or DL assignment in subframe #n has no meaning because no corresponding PUSCH or PUCCH transmission will occur.

It is desirable for the eNB to have the controllability on the above-mentioned ProSe gap. For example, the eNB can instruct on and off of the ProSe gap for each pool via UE-specific signaling in consideration of the discovery performance and the impact on WAN operations.
Proposal 7: ProSe gap is introduced so that a UE is allowed to stop receiving or transmitting WAN channel/signal during the gap and performs the discovery operations including TX/RX of discovery and SLSS as well as switching between carriers.
4. Conclusion
This contribution discussed how to support the multi-carrier D2D discovery. The following proposals were made:
Proposal 1: The eNB can signal via PCell the TX and RX discovery resource pool configuration of a carrier other than PCell.
Proposal 2: PCell indicates the ID of the transmit synchronization reference cell for each discovery resource pool in a carrier other than PCell.
Proposal 3: For RRC_Idle UEs, PCell can configure multiple TX pools for a carrier other than PCell, and one TX pool is selected according to a proper selection procedure.

Proposal 4: Further study is necessary on how the synchronization operates when no cell is observed on a carrier other than PCell.

Proposal 5: It needs to be decided how to determine the receive synchronization reference cell for the resource pools in a carrier other than PCell.
Proposal 6: A UE is not mandated to have TX or RX circuits dedicated to D2D in Rel-13 discovery. Additional UE capability signaling can be defined in order to inform the network of the precise capability of simultaneous TX and RX in the presence of multiple carriers.
Proposal 7: ProSe gap is introduced so that a UE is allowed to stop receiving or transmitting WAN channel/signal during the gap and performs the discovery operations including TX/RX of discovery and SLSS as well as switching between carriers.
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