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1   Introduction
Enhanced LTE Device to Device Proximity service WI [1] was agreed to during RAN#66. One of the objectives agreed to was

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].
There are several scenarios in the presence of multiple carriers and PLMNs as analysed in the section 1of the contribution [2]. And in RAN2#89bis meeting, RAN2 had achieved agreement on both Intra-PLMN scenario and Inter-PLMN scenario. The RAN3 impact for the inter-PLMN scenarios is discussed in the contribution [2]. In this contribution, we analyze the RAN3 impact for the intra-PLMN scenarios based on the agreement.
2   Discussion 
2.1   Scenarios
Generally, the UEs that want to participate in discovery tend to camp on/be connected to the carrier or PLMN provided Prose service. Hence, it is likely that a large number of UEs which are interested in discovery concentrate a single carrier or PLMN allowed for Direct Discovery transmissions. Then allowing D2D transmissions in a non-serving carrier / PLMN can achieve load balancing of UEs on more than one carrier/PLMN. 
Observation 1 Allowing D2D transmissions in a non-serving carrier and/or secondary cell can achieve load balancing of UEs on more than one carrier/PLMN.
In RAN2#89bis meeting, RAN2 had achieved agreement on Inter-PLMN scenario [3]:
	Inter-PLMN scenario 

·  SA2 guidance may be required on whether inter-PLMN authorization for discovery transmission can be handled by higher layer

With network infrastructure

· If the network has inter-PLMN information then the network should have the option to configure the UE similar to the intra-PLMN case

· We cannot assume that inter-PLMN coordination is always possible.  The baseline scenario to consider is uncoordinated inter-PLMN.  

· For uncoordinated inter-PLMN scenarios with network infrastructure, the UE reads SIB19 of the concerned carrier frequency to learn the tx/rx resource pool to use.  FFS how the carrier frequency is configured in the UE. 

Without network infrastructure 

· The inter-PLMN scenario without network infrastructure (e.g. no eNB in the ProSe carrier) will be supported, assuming that out-of-coverage discovery is supported.  
Intra-PLMN scenario   The option to configure a UE via RRC signalling to transmit discovery in another carrier can be allowed.  The RRC signalling can be used to configure either Type 1 or Type 2 discovery configuration for non-primary carrier. 


2.2   Acquisition of ProSe resource configuration
According to the agreement, if inter-PLMN coordination is allowed, Network Assisted Approach for both type 1 and type2 discovery is supported as in the intra-PLMN case. And the related analysis elaborated in [2] for intra-PLMN case also applies in this case. Moreover, for the inter-PLMN case, the different carriers always belong to different operators. Hence, the most common case is that the non-serving carrier belongs to a different eNB than the serving cell. That is to say, it is more important for the serving eNB to acquire the type 2 discovery TX resource from the neighbour eNB which controlling the cell on non-serving carrier by X2 interface in this case.
Proposal 1 it is more necessary for the serving eNB to acquire the type 2 discovery TX resource from the non-serving eNB by X2 interface in the case that inter-PLMN coordination is allowed.
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Figure 1 Scenarios: Inter-PLMN coordination                  Figure 2 Scenarios: Uncoordinated Inter-PLMN 

For uncoordinated inter-PLMN scenarios with network infrastructure, only UE Autonomous Approach can be adopted. This means the UE acquire the common resource pool from it concerned carrier frequency by reading system information. Hence, the network doesn’t need to be involved for resource acquisition purpose. Therefore, there is no RAN3 impact in this case.
Observation 2 there is no RAN3 impact by resource acquisition in the case of uncoordinated inter-PLMN scenarios with network infrastructure.
For the case that the inter-PLMN scenario without network infrastructure, there is obviously no RAN3 impact.
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Figure 3 Scenarios: Intra-carrier, without network infrastructure
Observation 3 there is no RAN3 impact by resource acquisition in the case of inter-PLMN scenarios without network infrastructure.
2.3   Authorization
In the above RAN2 agreement, serving eNB will configure the UE which carrier to perform discovery transmission in both inter-PLMN coordination case and uncoordinated inter-PLMN case. It raises questions on authorization, in order to correctly select a non-serving carrier to the UE for direct discovery.
Firstly, serving eNB need make decision on which carrier the UE can perform discovery Transmission. This means the serving eNB needs to know in which PLMN(s) of neighbour carrier(s) is allowed the UE transmit discovery message. There are some possible cases, as shown in figure 3:

· Case 1: PLMN B of non-serving carrier (f1) is the EPLMN of the serving PLMN (PLMN A);
· Case 2: PLMN B is a dedicated carrier deployed for Prose service, which is shared by the operators. 

In case 2, for commercial purpose, PLMN B may be only used to identify the dedicated resource for D2D, without supporting traditional mobile service. Hence, it is not appropriate that the PLMN B is not configured as the EPLMN of the serving PLMN, and isn’t be indicated in the Handover Restriction List for some reason. For example, it may cost extra effort for eNB handling for this special PLMN, not for the mobility purpose.

In Rel-12, the D2D authorization procedure had been specified in S1AP and X2AP under the assumption that all EPLMNs have the same ProSe authorization(s) as the serving PLMNs. Therefore, for case 1, the serving eNB can assume the PLMN B has the same ProSe authorization(s) as the PLMN A. Then, there is no impact on RAN3.
However, for case 2, if the PLMN B is out of scope of the Handover Restriction List of the UE, eNB1 needs to be made aware of the ProSe authorization for this UE from MME, as shown in figure 3. 
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Figure 3 Inter-PLMN Discovery Enhancement Flow

Therefore, there are the following options:
1) Serving eNB only designates the non-serving PLMN, which is within the HO restriction list as an EPLMN, to the UE.
2) The MME informs the serving eNB about the PLMN subscription of the UE [5] i.e. a new list of authorized PLMN over S1AP.

3) The eNB queries the MME about the relevant PLMN subscription according to the availability of the resource.
Proposal 2 RAN3 needs to study whether to enable the serving eNB to acquire the authorisation information of all the UE supported PLMNs from the MME. 
3   Conclusion / Proposals
Observation 1 Allowing D2D transmissions in a non-serving carrier and/or secondary cell can achieve load balancing of UEs on more than one carrier/PLMN.
Observation 2 there is no RAN3 impact by resource acquisition in the case of uncoordinated inter-PLMN scenarios with network infrastructure.

Observation 3 there is no RAN3 impact by resource acquisition in the case of inter-PLMN scenarios without network infrastructure.
Observation 4 in the current D2D authorization procedure is not totally handled by higher layer, and RAN3 protocol is involved in the procedure.

Observation 5 S1AP and/or X2AP enhancement is needed to enable serving eNB aware of the authorisation information of the other PLMN to which the UE concerned carrier belongs.
Proposal 1 it is more necessary for the serving eNB to acquire the type 2 discovery TX resource from the non-serving eNB by X2 interface in the case that inter-PLMN coordination is allowed.

Proposal 2 RAN3 need study whether to enable the serving eNB to acquire the authorisation information of all the UE supported PLMNs from the MME. 
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5   Annex (from TS 29.344)[5]
6.3.2
ProSe-Subscription-Data
The ProSe-Subscription-Data AVP is of type Group. It shall contain the ProSe Discovery related subscription data.

AVP format

ProSe-Subscription-Data ::= <AVP header: 3701 10415>

{ ProSe-Permission }
*[ ProSe-Allowed-PLMN ]
*[AVP]
6.3.3
ProSe-Permission
The ProSe-Permission AVP is of type Unsigned32 and it shall contain a bit mask that indicates the permissions for ProSe subscribed by the user. The meaning of the bits shall be as defined in table 6.3.3/1:
Table 6.3.3-1: ProSe-Permission
	Bit
	Name
	Description

	0
	ProSe Direct Discovery
	This bit, when set, indicates that the user is allowed to use ProSe Direct Discovery.

	1
	EPC-level ProSe Discovery
	This bit, when set, indicates that the user is allowed to use EPC-level ProSe Discovery.

	2
	EPC support WLAN Direct Discovery and Communication
	This bit, when set, indicates that the user is allowed to use EPC support WLAN Direct Discovery and Communication.

	3
	one-to-many ProSe Direct Communication
	This bit, when set, indicates that the user is allowed to use one-to-many ProSe Direct Communication.

	NOTE:
Bits not defined in this table shall be cleared by the HSS and discarded by the receiving ProSe Function.


6.3.4
ProSe-Allowed-PLMN
The ProSe-Allowed-PLMN AVP is of type Group. It shall contain the PLMN where the UE is authorised to announce or monitor or both for ProSe Discovery or to use ProSe direct communication.
AVP format

ProSe-Allowed-PLMN ::= <AVP header: 3703 10415>

[ Visited-PLMN-Id ]

[ Authorized-Discovery-Range ]

[ ProSe-Direct-Allowed ]
*[AVP]
The Authorized-Discovery-Range Information Element should only be present if the Visited-PLMN-Id is the PLMN-Id of the HPLMN; otherwise it should be absent.

5.1.1   6.3.5
ProSe-Direct-Allowed
The ProSe-Direct-Allowed AVP is of type Unsigned32 and it shall contain a bit mask that indicates if the UE is authorised to announce or monitor or both for ProSe Discovery in a specific PLMN. The meaning of the bits shall be as defined in table 6.3.5/1:
Table 6.3.5-1: ProSe-Direct-Allowed
	Bit
	Name
	Description

	0
	Announce
	This bit, when set, indicates that the user is allowed to announce in the corresponding PLMN for ProSe Discovery.

	1
	Monitor
	This bit, when set, indicates that the user is allowed to monitor in the corresponding PLMN for ProSe Discovery.

	2
	Communication
	This bit, when set, indicates that the user is allowed for ProSe direct communication in the corresponding PLMN.

	NOTE:
Bits not defined in this table shall be cleared by the HSS and discarded by the receiving ProSe Function.
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