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1 Introduction
The enhancement of ProSe discovery support in the presence of multiple carriers and PLMNs is identified as one of the objective in the R13 ProSe WI [1]. Several agreements have been achieved at RAN2 89bis and several open issues need to be clarified [2]. This contribution provides some considerations on these issues and shows how to allow ProSe transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell.
2 Discussion 
Intra PLMN scenario
The intra-PLMN is depicted in Figure 1. The scenario is further split into two cases: intra-PLMN scenario of collocated deployment and intra-PLMN of inter-eNB deployment. For the former case, all the carriers in different cells are collocated in the same eNB belong to the same PLMN. For the latter case, although carrier1 and carrier 2 belong to the same PLMN, the two carriers are deployed on different eNBs. In this case, inter eNB coordination is needed. 
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Figure 1 Intra PLMN scenario
Configuration of discovery resource of other carriers via SIB message
One of the open issues in this scenario is whether to allow autonomous transmissions in the other carrier. If we allow eNB to configure autonomous transmission resources for the other carrier via SIB message, the eNB may simultaneously configure transmission resources for the serving carrier and the other carrier. It is not clear which carrier shall be selected by the UE to perform the discovery transmission. And it is hard for the network to control how these autonomous resource pools could be properly utilized. For example, the UE may choose resource from a carrier that is heavily loaded, in absence of other information. In this case, the load imbalance on different carrier cannot be alleviated. In any case, there are two approaches to address this issue. 
· The UE randomly selects resources from different carriers: the UE randomly selects one of these carriers (including serving carrier and other carrier), and then start ProSe discovery transmission on the selected carrier. This approach relies on UE implementation and has no impact on standard.
· The resource configuration of different carriers is labeled with a priority: the UE chooses the appropriate resource based on the network’s priority. The eNB may dynamically change this priority label so as to adjust the load on different carriers. In addition, it may be pre-defined that a UE with extra RF chain chooses resource of other carrier. Alternatively, the resources on the serving carrier take precedence over other carriers. This approach requires the modification of the Uu interface. 
These approaches may mitigate the multiple configuration issue to some extent. Hence, it is not necessary to prohibit the autonomous transmission on other carriers. 
Configuration of discovery resource of other carrier via dedicated message
The serving cell indicates in SIB19 that it supports ProSe Direct Discovery on other carriers but does not provide detailed ProSe discovery transmission resources. ProSe UEs need to enter RRC_CONNECTED in order to request the ProSe discovery transmission resources. The serving cell may send its own autonomous discovery transmission resource configuration and the ones for other carriers to the requesting UE through dedicated signalling. On the other hand, if the serving cell and the other cells on different carriers belong to the same eNB, it is likely that the serving cell allocates dedicated resources from other cells or the secondary cells to UE. In this case, the eNB may choose the ProSe resources from the less loaded carriers. The multiple configurations is not an issue for the configuration via dedicated message, since the eNB may filter out the loaded carrier and only configure the less loaded carrier to UE. 
Proposal 1: The network may allow autonomous transmissions in the other carriers.
Inter-PLMN scenario
Inter-PLMN scenario is depicted in Figure 2. Carrier1 and carrier 2 belong to the different PLMNs and are deployed at different eNBs. The two PLMNs may be coordinated or uncoordinated. Both options are discussed below. 
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Figure 2 inter PLMN scenario
Coordinated Inter-PLMN
In this case, the eNB may obtain the carrier information as well as the discovery transmission resource configuration on these carriers through X2 interface or via OAM. Hence, it is possible that the eNB broadcasts the detailed ProSe discovery transmission resource configuration of carriers on other PLMNs through SIB19. Also it is likely that the eNB sends the detailed ProSe discovery transmission resource configuration of carriers on other PLMN to the UE through dedicated signalling. 
However, until now, it is not clear if ProSe discovery transmission on carriers with PLMNs different from the serving cell could be supported in SA2. If it is to be supported, the UE may obtain the resource configuration of carriers on other PLMNs through the SIB message. If the UE has already acquired its authorization information (in terms of authorized PLMNs) from ProSe Function, it can utilize this to filter out the carriers for the PLMNs that are not authorized and just use the resource on carriers with authorized PLMNs. However, if for ProSe discovery there is the intention to support scheduled resource allocation on carriers with PLMNs other than UE’s serving cell, then some impact is expected as it would be better for the eNB to know the list of allowed PLMNs for ProSe UEs. In this way, the eNB may filter out the ProSe discovery resources for cells belonging to not allowed PLMNs for ProSe UEs and then allocate ProSe discovery transmission resource from carriers and cells that could really be used by ProSe UEs. 
Uncoordinated Inter-PLMN
If the PLMNs are uncoordinated, it is hard for the eNBs to learn the carrier information as well as the discovery resource configuration one these carriers from each other. A further issue in this scenario is how the UE is configured with the authorized frequencies for inter-PLMN operation.
In our opinion, UEs in this uncoordinated inter-PLMN scenario could be divided into two categories: public safety UEs and non public safety UEs. For the former case, a public safety UE could be camping on cell 1 in Figure 2, which belongs to a commercial network, and wants to send public safety discovery message via public safety carrier 2 which belongs to the public safety network. Public safety UE are pre-configured with the authorized frequencies for ProSe communication. So the UE may reuse this information for ProSe discovery. That is, the public safety UE shall attempt to find cells on the ProSe carrier and thereby determine whether it is “in-coverage”. If it detects such a cell on ProSe carrier, it may read the SIB19 from this cell and obtain the discovery transmission resource, if available, for discovery announcements on carriers different from its serving cell. 
For a non-public safety UE, no pre-configured ProSe carrier info is available. One possible way is to obtain the authorized frequencies from the ProSe function. However, the current authorization element defined in SA2 includes only PLMN id, without any frequency information, as shown below. Nevertheless, it is recommended that RAN2 sends a LS to SA2/CT1 about the authorized frequency issue for inter-PLMN discovery. 
	Cited from TS 29.344
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Proposal 2: In inter-PLMN scenario, for public safety UE, the authorized frequencies can be preconfigured.
Proposal 3: In inter-PLMN scenario, for non public safety UE, SA2/CT guidance is required to know if the frequencies can be provided by the Prose server.
Impact on UE capability
The remaining issues on UE capability are about the extra RF chain, or whether to configure transmission occasion. 
We believe it is not appropriate to mandate an extra RF chain for Discovery transmission for non public safety UEs. Therefore a transmission occasion is needed for the UE to transmit discovery message on other carrier in order not to interrupt LTE communication. As agreed in R12, the UE uses DRX occasions in RRC_IDLE and RRC_CONNECTED for intra- frequency, inter-frequency and inter-PLMN discovery message monitoring. For the non-public safety UE, the priority of ProSe discovery is always low compared with WAN communication. So it is recommended that the principle for the UE to use DRX occasions for discovery monitoring also applies to discovery announcement. When it comes to the Public safety UE, it has been agreed that an extra RF chain will be supported for ProSe communication. So this could be utilized for discovery as well. 
Proposal 4: ProSe announcements on non serving cell should not affect Uu reception/transmitting on serving cell. ProSe UE should also use the transmission occasion (e.g. DRX occasions) to perform ProSe discovery announcement on other carriers, or use a second TX chain if available.
3 Conclusion

In this contribution, we discussed ProSe Discovery transmission for the multiple carriers and multiple PLMNs scenario. A few proposals were derived.
Proposal 1: Network may allow autonomous transmissions in the other carrier.

Proposal 2: In inter-PLMN scenario, for public safety UE, authorized frequencies can be preconfigured.

Proposal 3: In inter-PLMN scenario, for non public safety UE, SA2/CT guidance is required to know if the frequencies can be provided by the Prose server.

Proposal 4: ProSe announcements on non serving cell should not affect Uu reception/transmitting on serving cell. ProSe UE should also use the transmission occasion (e.g. DRX occasions) to perform ProSe discovery announcement on other carriers, or use a second TX chain if available.
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