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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]. This contribution provides some consideration on 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 
Some operators may have several carriers with different deployment consideration. As shown in Figure 1(a), Cell1 and Cell 2 are deployed on Carrier 1 and Carrier 2 with similar coverage for a given area. Cell 1 and Cell 2 may be operated by the same eNB or different eNBs. Only Carrier 1 supports ProSe discovery. Based on R12’s agreement, ProSe discovery transmission by a UE is limited to its serving cell. Hence, all the ProSe UEs within this area interested in ProSe discovery transmission shall select Cell 1. If there are a lot of ProSe discovery interested UEs and they also have WAN communication requirement, this may lead to WAN load imbalance among these two carriers.
On the other hand, Cell1 and Cell 2 may be deployed with different coverage as shown in Figure 1(b). Cell1 on Carrier 1 is for throughput and Cell 2 on Carrier2 is for coverage. Similarly to Figure 1(a), Cell 1 and Cell 2 may be operated by the same eNB or different eNBs. Both Cell1 and Cell 2 support ProSe discovery. Since Cell 2 has larger coverage, more UEs in the network may select Cell 2 as their serving cell. If these UEs are also interested in ProSe discovery and they are allowed to only use the resource of Cell 2 for ProSe discovery transmission, it may happen that ProSe discovery resources on Carrier 2 gets overloaded whereas most of the ProSe discovery resources on Carrier 1 are in idle. 
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Figure 1. Multiple Carrier and Multiple PLMN scenario
Observation 1: If the UE could only use the resource of its serving cell for ProSe discovery transmission, this may lead to both WAN and ProSe load imbalance on different carriers. 
To solve the load imbalance issue, it is natural to allow UE’s ProSe transmissions in a non-serving carrier and/or secondary cell. In addition, the impact of multiple PLMNs should be considered since the non-serving carrier and/or secondary cell that the UE uses for ProSe discovery transmission may belong to different PLMNs as the serving cell. In the following, we will discuss the impact of multiple carrier and multiple PLMNs on ProSe discovery transmissions one by one, identifying potential problems and presenting our tentative solutions.
Impact of multiple carriers on ProSe discovery transmission
As a matter of fact, R12 has already supported inter-frequency discovery monitoring. The eNB may provide in SIB a list of carriers on which the UE may receive ProSe discovery signals. A cell does not provide detailed ProSe configuration for other carriers. If a UE wants to receive ProSe discovery signals on another carrier, it needs to read SIB from there. Then the UE uses DRX occasions in RRC_IDLE and RRC_CONNECTED or a second RX chain, if it is available, for intra- frequency, inter-frequency and inter-PLMN discovery message monitoring [2].
A UE may monitor discovery messages on multiple carriers concurrently. However, it is questionable whether a UE could perform ProSe discovery transmission on multiple carriers concurrently, as for ProSe discovery monitoring. In particular, if the UE has multiple different ProSe discovery messages to be sent, it is not clear if the UE could use the ProSe transmission resources from multiple carriers for its different discovery messages. In our opinion, ProSe discovery transmission should be confined to only one carrier, no matter if it is a serving carrier or non-serving carrier. The transmission on multiple carriers has higher requirements on UE’s RF capability. If the UE has only one Tx and the ProSe transmission resource on different carriers may be overlapping in time, the UE may be busy on the discovery transmission on one carrier and may have to skip some of the ProSe transmission resources on other carriers, which may lead to a waste of resources.

Proposal 1: Whether the UE could use the ProSe transmission resources from multiple carriers for the transmission of different discovery messages needs clarification.

Another issue worth attention is whether the ProSe discovery transmission on other carriers should also happen in UE’s DRX occasions or using a second RX chain. Since ProSe discovery is generally regarded with the lowest priority compared with WAN and ProSe communication, it is natural that the UE also follows this principle for ProSe discovery announcement on other carriers. In other words, ProSe announcements on non serving cell should not affect Uu reception on serving cell. 
Proposal 2: ProSe announcements on non serving cell should not affect Uu reception on serving cell. ProSe UE should also use the DRX occasions to perform ProSe discovery announcement on other carriers, or use a second TX chain if available. 
When it comes to the solution for multi-carrier ProSe discovery announcement, the R12 approach for inter-frequency discovery monitoring could be regarded as a start point. The ProSe UE may reuse the neighboring sidelink carrier frequency info broadcast by its serving cell. If the ProSe UE wants to announce Prose discovery signals on other carriers, it needs to read SIB from those carriers. Once the UE obtains the detailed ProSe configuration on these carriers, such as the ProSe discovery transmission resource pools, it may use it for its ProSe discovery announcements. 
This approach looks simple but has a lot of problems. Firstly, it is only applicable for UE autonomous resource selection. If the cell on another carriers only indicate in SIB 19 it supports ProSe Direct Discovery but does not provide ProSe discovery resource pool in SIB 19, the UE could not use the ProSe discovery resource on the other carrier for transmission, unless the UE hands over to the cell on other carrier. Secondly, it is not clear when the UE should give up the ProSe discovery resource from its serving cell and turn to other carriers. If multiple carriers are available, it needs to be decided which carrier the ProSe UE shall select. Finally, the UE autonomous acquisition of detailed ProSe transmission resource configuration from other carriers by reading the SIB of other cells one by one is time and energy exhausting. It is recommended that the serving cell provides more assistance information for the ProSe discovery announcing UEs. 
Based on these observations, we propose the following solutions:
· Resource configuration of other carriers through SIB broadcast
The serving cell broadcasts the detailed ProSe discovery transmission resource configuration of other carriers through SIB19. If a UE wants to announce Prose discovery messages, it only needs to read SIB from its serving cell. If the ProSe discovery transmission resource pool from both serving cell and other carriers are available, UE may first select the resource from its serving cell. If only the ProSe discovery transmission resource pools from other carriers are available, the UE may randomly select one of these carriers. Alternatively, UE may randomly select one of these carriers (including serving carrier and other carrier), and then start the ProSe discovery transmission with the ProSe discovery transmission resource from the selected carrier. 
· Resource configuration of other carriers through dedicated signalling
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 the detailed ProSe discovery transmission resource configuration of itself and other carriers to the UE through dedicated signalling. On the other hand, if the serving cell and the other cells on different carriers belong to the same eNB (CA scenario), it is likely that the serving cell allocates the dedicated resource from other cells or the secondary cells to the UE. In this case, the eNB may choose the ProSe resource from the less loaded carriers. Furthermore, the UE may indicate its interested carrier for ProSe discovery announcements to the eNB. And then the eNB may try to allocate the ProSe transmission resource on the indicated carrier to the UE.
In summary, resource configuration through SIB broadcast is only applicable together with UE autonomous resource selection; whereas resource configuration through dedicated signaling could be used together with both UE autonomous resource selection and scheduled resource allocation (scheduled resource allocation on other carriers could only be supported when the cells on different carriers belong to the same eNB). 
Proposal 3: Resource configuration of other carriers should be possible both through the SIB and dedicated signalling. 
Proposal 4: The detailed ProSe discovery resource configuration on other carriers, such as the ProSe transmission resource pool or dedicated resource, could be provided to the UE through its serving cell.
Proposal 5: When the cells on different carriers belong to the same eNB, both scheduled resource allocation and UE autonomous resource selection could be supported. Otherwise, only UE autonomous resource selection could be supported.

Impact of multiple PLMNs
As shown in Figure 1, the Cell 1 on Carrier 1 and Cell 2 on Carrier 2 support the RAN sharing of different sets of PLMNs. Cell 1 supports PLMN1 and PLMN2 whereas Cell 2 supports PLMN1 and PLMN3. If the registered PLMN of ProSe UE served by Cell 1 is PLMN2, it is not clear whether the UE could use the ProSe resource on Cell 2. 
A similar issue was discussed for ProSe communication in SA2 and RAN2 #89 meeting [3]. In R12, for ProSe Communication transmission, the UE may use radio resources on other carriers that are not operated by the UE’s serving cell. In [3] SA2 expressed their view that if the UE detects a cell in the registered PLMN or a PLMN equivalent to the registered PLMN, then the UE may use the ProSe communication transmission resource indicated by that cell. If UE finds the cell in another PLMN (not the registered PLMN or a PLMN equivalent to the registered PLMN), then it should trigger PLMN selection, and only if the PLMN selection succeeds then the UE may use the ProSe resource. 
In our understanding, SA2 has not yet considered the multiple PLMN issue for ProSe discovery transmission. It is not clear if the conclusion for ProSe communication directly applies to ProSe discovery. RAN2 could then consider sending a LS to SA2 about ProSe discovery transmission on non-serving cell or secondary cell scenario and asking them to double check their existing conclusions about the PLMN selection and authorization for ProSe direct discovery. 
Proposal 6: Consider sending a LS to SA2 about ProSe discovery transmission on non-serving cell or secondary cell scenario, asking them to double check their existing conclusions about the PLMN selection and authorization for ProSe direct discovery.
For ProSe communication, RAN2 replied in [5] that the Access Stratum ProSe protocol does not consider the PLMN so far and that the impact of PLMN selection to AS protocols is expected to be minor. However, if for ProSe discovery RAN2 plans to support scheduled resource allocation on carriers 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, 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. 
3   Conclusion

In this contribution, we discussed Prose Discovery transmission for the multiple carriers and multiple PLMNs scenario. Several observation and proposals have been derived.
Observation 1: If the UE could only use the resource of its serving cell for ProSe discovery transmission, this may lead to both WAN and ProSe load imbalance on different carriers. 
Proposal 1: Whether the UE could use the ProSe transmission resources from multiple carriers for the transmission of different discovery messages needs clarification.

Proposal 2: ProSe announcements on non serving cell should not affect Uu reception on serving cell. ProSe UE should also use the DRX occasions to perform ProSe discovery announcement on other carriers, or use a second TX chain if available. 

Proposal 3: Resource configuration of other carriers should be possible both through the SIB and dedicated signalling. 

Proposal 4: The detailed ProSe discovery resource configuration on other carriers, such as the ProSe transmission resource pool or dedicated resource, could be provided to the UE through its serving cell.

Proposal 5: When the cells on different carriers belong to the same eNB, both scheduled resource allocation and UE autonomous resource selection could be supported. Otherwise, only UE autonomous resource selection could be supported.

Proposal 6: Consider sending a LS to SA2 about ProSe discovery transmission on non-serving cell or secondary cell scenario, asking them to double check their existing conclusions about the PLMN selection and authorization for ProSe direct discovery.
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