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Discussion and decision
1 Introduction
At RAN2#87 meeting, the inter-PLMN issue was introduced into the discussion of inter-frequency/inter-cell discovery and many agreements were reached. Among those there are two FFS issues as follows:
· FFS whether (as a configuration) option an eNB may provide detailed ProSe Discovery information about other intra-PLMN carriers.
· FFS whether the list of other ProSe carriers could alternatively be provided by higher layers for inter-PLMN carriers.
In this paper we to focus on these issues and more in general on the RRC signalling about inter-PLMN/inter-frequency/inter-cell discovery support, and then provide our analysis and proposals.
2 Discussion
ProSe discovery information 
Based on the agreement in RAN2#87, an eNB may provide in SIB a list of (intra-PLMN-inter-frequency and/or inter-PLMN-inter-frequency) carriers (possibly with the corresponding PLMN ID) on which the UE may aim to receive ProSe discovery signals. A cell does not provide detailed ProSe configuration (SIB18) for other carriers. However some further consideration need to be made, e.g. for which PLMNs ProSe information may be included in SIB, whether an eNB may provide detailed ProSe Discovery information about other intra-PLMN carriers and how to provide it, and where the list of other ProSe carriers except the ProSe carrier for the given eNB is coming from. 
ProSe discovery information provided by the eNB
In our understanding, the PLMNs whose ProSe carrier information can be provided in SIB should belong to the PLMN list the eNB supports. If the eNB does not support the given PLMN, it is hard to obtain the related ProSe carrier information. Maybe OAM or some other semi-static method need to be used, but the update of the information will not be timely. Hence it is hard to guarantee the usability and reliability of the ProSe carrier information. 
Proposal 1: The PLMN whose ProSe carrier information is provided in SIB should belong to the PLMN list the eNB supports. 
As shown in Figure 1, UE1 is served by eNB1, UE2 and UE3 are served by eNB2. Both UE1 and UE2 are performing ProSe discovery announcing. In this scenario, UE3 locates in the edge of the serving cell (eNB2), and would like to monitor the ProSe discovery signal of not only eNB2 but also that of neighbour cells (eNB1). If the related cell ID together with the carrier information of eNB1 is obtained by the UE3 in advance through the SIB broadcast by eNB2, the UE can synchronize to the neighbour cells (eNB1) much faster and then start to monitor the D2D discovery signals from UE1 for example. Hence it will be useful to include in SIB the corresponding cell IDs together with the list of carriers supporting ProSe discovery.
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Figure 1. Scenario for the inter-cell D2D discovery
Observation 1: Together with the list of carriers supporting ProSe discovery, it is useful to include in SIB the corresponding cell IDs.
In addition to the cell ID and frequency info of neighbour cells broadcasted by SIB, detailed ProSe configuration of neighbour cells may be delivered to the UE through dedicated signalling. In fact there may be multiple inter-frequency carriers for intra-PLMN or inter-PLMN, and not all UEs could be interested in monitoring other frequencies/cells ProSe discovery. Considering the limited SIB capacity, it is reasonable not to include all detailed ProSe configuration for other carriers but only some necessary information in SIB. When the UE wants to perform D2D monitoring of neighbor cells/carriers, the UE may send an indication to the eNB about the interested cells/carriers to request the detailed ProSe configuration for D2D discovery reception. The eNB will then provide the related detailed ProSe configuration, such as the reception resource pool information of interested cells/carriers and possible PLMN information. 
Proposal 2: In order to facilitate the inter-frequency/inter-cell monitoring, the detailed ProSe discovery information for other intra-PLMN or inter-PLMN carriers may be delivered to the UE through dedicated signalling.
Provision of ProSe discovery frequency information
In this section, we discuss whether the list of other ProSe carriers could alternatively be provided by higher layers for inter-PLMN carriers. So far, the information about the PLMN from the ProSe function includes only the PLMN information for authorisation. The frequency information of these PLMNs is not available in the ProSe function. Furthermore, it is simple for the eNB to be configured with the list of other neighboring ProSe carriers, together with its own ProSe carriers. Since it is always necessary to configure the eNB with the serving ProSe carriers, it will be technically feasible for the eNB to be configured with the information of other inter-PLMN ProSe carriers, and provide it to the UEs.
Proposal 3: The list of other inter-PLMN ProSe discovery carriers shall be provided by the eNB and not by higher layers.
Format of information for ProSe reception configuration in SIB
Based on the existing agreements and above analysis, the possible configuration for discovery reception could be as follows:
Reception Configuration list:
>serving cell
>>reception resource pool
>>PLMN ID list (optional)
> neighbour cell list/carrier list (0…max of neighbour cell)
>>frequency
>>PLMN ID list(optional)
>>cell ID (optional)
The PLMN ID list include all the PLMNs the cell supports for ProSe discovery and it should be within the scope of the existing PLMN list the eNB broadcasts in LTE. It is only included for inter-PLMN ProSe discovery support. 
Proposal 4: The above information for reception configuration is provided by the eNB in SIB.
Signalling and Procedure for inter-PLMN/inter-frequency discovery 
Figure 2 presents a signalling procedure for inter-PLMN/inter-frequency discovery monitoring. In this case, the list of ProSe discovery carriers with corresponding PLMN is provided in SIB, and the detailed resource information of inter-PLMN/inter-frequency carriers is provided via dedicated signalling for UE to perform discovery monitoring in inter-PLMN/inter-frequency carriers. 
1.  eNB1 broadcasts the SIB message which contains the list of ProSe discovery carriers with possible PLMN, cell ID of neighbor/other carriers.
2. UE1 sends to eNB1 the request for detailed D2D reception resource information of the interested neighbor/other carriers. The request may reuse the UEAssistanceInformation or MeasurementReport message. 
3. eNB1 sends a response message to UE1, which contains the reception resource pool of neighbor/other carriers, and possible cell ID and frequency information of neighbor. The response may reuse the RRCConnectionReconfiguration message. 
4. Based on the resource information of neighbor/other carriers received in step 3, UE1 monitors the D2D discovery signal of UE2 in neighbor eNB2.
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Figure 2 Inter-cell monitoring with necessary information in dedicated signalling
Proposal 5: RAN2 is kindly to consider the above procedure and signalling for inter-PLMN/inter-frequency discovery. 
3 Conclusion & recommendation
In this contribution, we analyzed the inter-PLMN and inter-frequency issue in the ProSe discovery, leading to the following observations and proposals:
Proposal 1: The PLMN whose ProSe carrier information is provided in SIB should belong to the PLMN list the eNB supports. 
Observation 1: Together with the list of carriers supporting ProSe discovery, it is useful to include in SIB the corresponding cell IDs.
Proposal 2: In order to facilitate the inter-frequency/inter-cell monitoring, the detailed ProSe discovery information for other intra-PLMN or inter-PLMN carriers may be delivered to the UE through dedicated signalling.
Proposal 3: The list of other inter-PLMN ProSe discovery carriers shall be provided by the eNB and not by higher layers.
Proposal 4: The above information for reception configuration is provided by the eNB in SIB.
Proposal 5: RAN2 is kindly to consider the above procedure and signalling for inter-PLMN/inter-frequency discovery. 
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