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1 Introduction
During RAN2#86 a LS about ProSe authorization was received from RAN3 to inform that RAN3 has agreed to signal the ProSe Authorized IE in several S1/X2 messages, to indicate that the UE is authorized for ProSe Direct Discovery and/or ProSe Direct Communication [1]. The ProSe authorization information received from the MME is valid only for the UE’s serving PLMN of the UE. Based on the agreements at RAN2#86 [2], the eNB shall validate whether a UE in RRC_CONNECTED is authorized for ProSe Direct Communication transmission using the ProSe authorization information received from the MME. However, it is not clear how the ProSe authorization solution works in the inter-PLMN scenario. In this contribution, we discuss the inter-PLMN issue in the ProSe authorization. Then the inter-frequency issue is also discussed.
2 Discussion
Inter PLMN support
According to TS 23.303, the user profile in the HSS contains the subscription information to give the user permission to use ProSe. The subscription information related to ProSe is transferred to the ProSe function and the MME. Then the ProSe authorisation information is provisioned to the UE from the ProSe function via PC3 interface. The authorisation information in the UE includes authorized information related to ProSe direct discovery/ ProSe direct communication transmission or reception in a list of subscribed PLMNs on a per PLMN basis. On the other hand, the eNB receives the ProSe authorized information from the MME using UE associated S1/X2 signaling. 
However, the serving PLMN of the ProSe discovery/communication transmitting UE may change in the case of inter-PLMN handover. Furthermore, the UE may need to receive ProSe discovery/communication transmission not only in the serving PLMN but also from other authorized PLMNs (e.g. neighbor cells). So the inter-PLMN support in the eNB should be further studied. In this section, we analyze the inter-PLMN support of ProSe authorization for ProSe transmission and reception.
For transmitting UEs
According to the LS from RAN3 [1], the MME signals the ProSe Authorized IE in INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, S1 HANDOVER REQUEST, PATH SWITCH REQUEST ACKNOWLEDGE messages, and in the X2 HANDOVER REQUEST message to the eNB. The ProSe authorization transferred from the MME to the eNB is valid only for the serving PLMN of the UE. And based on the agreement at RAN2#86 and RAN2#85bis, the authorization information in the eNB should be used to validate whether the UE is authorized for ProSe Direct discovery/communication transmission upon reception of the UE’s indication. 
During handover, the source eNB may select a different PLMN from the current serving PLMN as target PLMN based on the equivalent PLMN information in the Handover Restriction List. Since the ProSe authorization information in the source eNB is only valid for the serving PLMN, the UE may be not be authorized to perform ProSe transmission in the target PLMN selected by the source eNB. For example, the target cell supports RAN sharing of PLMN A and PLMN B and both of the PLMNs are in the UE’s equivalent PLMN list. Assuming both PLMN A and PLMN B support ProSe but the UE is authorized to use ProSe only in PLMN A without PLMN B, it is possible that the source eNB selects PLMN B as target PLMN. In this case, the UE could not use the radio resources of the target cell to perform ProSe transmission after handover to the target cell, which may lead to the interruption of ProSe discovery/communication transmission. 
Observation 1:  Service continuity cannot be assured if the authorized information is only valid for the serving PLMN. 
In order to solve this issue, the eNB should be able to obtain the authorized PLMN list in which the UE is authorized to perform ProSe transmission. One possible approach is to transfer the authorized PLMN list from the MME to the eNB as part of UE context [3]. Alternatively, the authorized PLMN list could be reported from the UE to the eNB via the air interface. For example, the UE could report the authorized PLMN list in the measurement report message. And then the eNB could store the authorized PLMN list in the UE context and perform the target PLMN selection based on the authorized PLMN list and the Handover Restriction List in the UE context.
Proposal 1: The eNB is required to obtain the authorized PLMN list in which the UE is authorized to perform ProSe transmission.
For receiving UEs
According to [4], PLMNs in which the UE is authorized to perform ProSe Direct Discovery/Communication monitoring are provisioned to the UE from the ProSe function. This means that a ProSe UE is only authorized to perform ProSe monitoring in several authorized PLMNs. As a result, only the ProSe resource pool of the authorized PLMNs in the serving cell and adjacent cells need to be monitored by the UE. In order to facilitate the efficient ProSe monitoring, it is required that the UE only monitors the SA resources used in authorized PLMNs. 
Proposal 2: To facilitate efficient ProSe monitoring, it is required that the UE only monitors the SA resources used in authorized PLMNs. 
The SA resource pool used for monitoring when the UE is in coverage is configured by the eNB via RRC dedicated signalling or SIB, If dedicated RRC signaling is used, the eNB could configure the reception pool based on the UE’s authorized PLMN list for ProSe discovery/communication reception. The eNB could obtain the UE’s authorized PLMN list from the UE or the CN. 
If the reception pool information is configured via SIB, the reception resource pool and corresponding PLMN(s) which are used in serving cell and neighbour cells should be provided. For synchronized, full-overlapping, intra-frequency deployment, the eNB could provide just one resource pool and the supported PLMN list. In other cases, the reception pool and corresponding PLMN(s) as per cell basis should be provided in SIB. Furthermore, since it is possible that not all the PLMNs shared in the cell support ProSe, a new ProSe PLMN list which includes PLMNs supporting ProSe in the cell may need to be defined. After receiving the SIB in the serving cell, a ProSe UE could filter out the reception resource pool which is the union of several resource pools used in the authorised PLMNs in the serving cell and neighbour cells by itself. 
Proposal 3: If dedicated signaling is utilized to configure the SA reception resource pool, the eNB is required to obtain the authorized PLMN list in which the UE is authorized to perform ProSe reception.
Proposal 4: If reception resource pool is configured via SIB, the SA resource pool and corresponding PLMN(s) should be provided.
Inter-frequency support
In this section we discuss the inter-frequency support for ProSe discovery and ProSe communication. In the inter-cell ProSe discovery/communication scenario, ProSe UE need to receive ProSe transmissions from UEs in neighbour cells, which may be deployed on different frequency from the serving cell. On the other hand, in the intra-cell ProSe discovery/communication scenario, ProSe UEs need to receive ProSe transmissions from UEs in the serving cell on the UL frequency of the FDD cell. In the coexistence of ProSe and cellular communication, ProSe UEs need to receive ProSe data on the UL spectrum of serving cell/neighbour cells as well as cellular DL transmission on the DL spectrum of the serving cell which is on a different frequency. According to the LS from RAN1 [5], it is assumed that the multicarrier capabilities of UEs capable of ProSe discovery and communication are different:
· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D

· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
For ProSe communication capable UE at least a dual-receiver is assumed, which could work at different frequencies simultaneously. So ProSe communication capable UEs could perform ProSe reception and cellular reception on different frequencies simultaneously, using two receivers. However, ProSe discovery capable UEs may have only one receiver. In that case, the UE could not perform ProSe reception and cellular reception at the same time on different frequencies and a TDM solution should be used. On the other hand, ProSe UEs could not perform ProSe discovery or communication reception from UEs in the serving cell or neighbour cells (for intra-frequency deployment) and UL cellular transmission simultaneously on the UL spectrum of the serving cell, since it is stated in [6] that D2D signal reception and uplink cellular transmission do not use full duplex on a given carrier.
In summary, ProSe discovery capable UEs may be not able to perform ProSe discovery reception and cellular DL reception simultaneously on different frequencies. And both ProSe discovery capable UE and ProSe communication capable UE may not be able to perform ProSe reception and cellular UL transmission simultaneously on the same frequency. In order to reduce the impact of ProSe reception to cellular communication, TDM coordination could be used between ProSe and cellular. In order to implement the TDM coordination, the UE should indicate to the serving eNB if it wants to perform ProSe reception and whether TDM coordination is needed. The UE could also include some assistance information in the indication, e.g. the suggested TDM subframe pattern. Then the eNB could configure a ProSe reception gap for the UE based on the indication. The ProSe UE would then be allowed to temporarily abort cellular communication with the serving cell and perform the corresponding ProSe reception during the ProSe reception gap. 
Proposal 5. The eNB could configure a ProSe reception gap for ProSe capable UEs based on assistance information from the UE. The UE would then be allowed to temporarily abort cellular communication with the serving cell and perform the corresponding ProSe reception during the ProSe reception gap.
3 Conclusion & recommendation
In this contribution, we analyzed inter-PLMN and inter-frequency issues for ProSe discovery and ProSe communication, with the following observations and proposals:
Observation 1:  Service continuity cannot be assured if the authorized information is only valid for the serving PLMN. 
Proposal 1: The eNB is required to obtain the authorized PLMN list in which the UE is authorized to perform ProSe transmission.
Proposal 2: To facilitate efficient ProSe monitoring, it is required that the UE only monitors the SA resources used in authorized PLMNs. 
Proposal 3: If dedicated signaling is utilized to configure the SA reception resource pool, the eNB is required to obtain the authorized PLMN list in which the UE is authorized to perform ProSe reception.
Proposal 4: If reception resource pool is configured via SIB, the SA resource pool and corresponding PLMN(s) should be provided.
Proposal 5. The eNB could configure a ProSe reception gap for ProSe capable UEs based on assistance information from the UE. The UE would then be allowed to temporarily abort cellular communication with the serving cell and perform the corresponding ProSe reception during the ProSe reception gap.
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