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1 Introduction
In the last meeting, some agreements were reached on ProSe discovery transmission on inter-carrier and inter-PLMN:
	Agreements

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. 
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.


In this contribution, we will first discuss how the authorization of ProSe discovery in different PLMNs is performed. Based on the agreements, the contribution further discusses the resource pool configuration issue for inter-carrier autonomous discovery transmission for intra-PLMN and inter-PLMN. We will discuss idle UEs and connected UEs separately, and some proposals are given based on the discussion.
2 Authorization
2.1 Rel-12 authorization
In Rel-12, the ProSe authorized IE defined in TS 36.413 is as follows:

	9.2.1.99 ProSe Authorized 
This IE provides information on the authorization status of the UE for ProSe services.
IE/Group Name

Presence

Range

IE type and reference

Semantics description

ProSe Direct Discovery

O

ENUMERATED (authorized, not authorized, ...)
Indicates whether the UE is authorized for ProSe Direct Discovery

ProSe Direct Communication

O

ENUMERATED (authorized, not authorized, ...)
Indicates whether the UE is authorized for ProSe Direct Communication




When a ProSe-authorized UE connects to an eNB or is handed over, the eNB needs to know that it is authorized for ProSe services, according to TS 23.303. This is also needed in case the UE context is updated, to allow ProSe without disconnecting the UE first. This IE is signalled from the MME in the INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST and PATH SWITCH REQUEST ACKNOWLEDGE messages.
From the description in TS36.413, the “ProSe authorized” IE indicates if the UE is authorized for ProSe Direct Discovery in its current serving PLMN or not. 

Observation 1: In Rel-12, the MME indicates to the eNB if the UE is authorized for ProSe direct discovery in its serving PLMN. The eNB checks if a UE in RRC_CONNECTED is authorized for ProSe discovery in its serving PLMN, and then decide whether to configure discovery resources.

Observation 2: In Rel-12, authorization of UEs in RRC_IDLE for ProSe discovery is performed by high layers. The authorized UEs can use resource pools broadcast in SIB-19 for discovery message monitoring.

2.2 Authorization for inter-PLMN transmission

In Rel-13 for inter-carrier discovery transmission, the same logic as Rel-12’s can be followed for both intra-PLMN and inter-PLMN. 

For UEs in RRC_IDLE, high layers should perform authorization for different PLMNs, i.e., ProSe function should provide the authorization information to the UEs indicating PLMNs for which the UE is allowed to transmit ProSe discovery. Then, the idle UEs can transmit discovery messages on the resource pools read from SIB-19 of intra-PLMN and inter-PLMN carriers.

Proposal 1: For UEs in RRC_IDLE, high layers perform authorization for discovery message transmission for inter-PLMNs. 

For UEs in RRC_CONNECTED, the eNB should perform authorization of inter-carrier discovery transmission for intra-PLMN and inter-PLMN. The UE should first send sidelink UE information to request discovery resources; the serving eNB checks the authorized PLMNs for this UE and decides if it will configure resources for this UE on the Pcell, or on other intra-PLMN or inter-PLMN carriers. As observed in Observation 2, in Rel-12, the MME only indicates to the eNB if the UE is authorized for ProSe direct discovery for its serving PLMN. Therefore, for authorization of UE for different PLMNs, the MME should also indicate the eNB the authorization information of PLMNs other than the serving PLMN.

Proposal 2: For UE in RRC_CONNECTED, the eNB should perform authorization of inter-carrier discovery transmission for both intra-PLMN and inter-PLMN. 

3 Resource configuration
3.1 Idle UE procedure
In R12, ProSe discovery transmission is allowed only on the PCell. Discovery reception is allowed on multiple carriers and each carrier broadcasts its own discovery RX resource pool. In R12, ProSe communication transmission and reception is allowed only on one carrier, and the carrier broadcasts its own communication RX/TX resource pool. From these observations we can see that a common principle is applicable both to ProSe discovery and to ProSe communication in R12, that is, one carrier does not broadcast the RX/TX resource pool of another carrier, and each carrier only broadcasts its own RX/TX resource pool.
Observation 3: Each carrier broadcasts only its own RX/TX resource pool in R12.

By doing so, some benefits are obtained. On one hand, the size of SIB19 on each carrier is kept to a minimum. On the other hand, the system information of different carriers is kept decoupled and the system information change on one carrier does not require the system information on the other carrier to synchronously reflect these changes. 
On the contrary, if we intend to support the configuration in SIB19 resource pools of another carrier, the resource pools should be cell-specific, since different cells could configure different resource pools for discovery transmission on a given carrier. As such the size of SIB19 would be significantly increased.

Observation 4: If the resource pools of another carrier are configured in SIB19, the resource pools should be cell-specific because different cells could configure different resource pools for discovery transmission. As such the size of SIB19 would be significantly increased.

Therefore, we think that the same principle as shown in the observation 3 should be inherited to the discovery transmission on inter-carrier in R13. In other words, each carrier only broadcasts its own TX discovery resource pool.

Proposal 3: Each carrier only broadcasts its own the TX discovery resource pool.
In Rel-12, a list of inter-frequency carriers is configured in SIB19 to enable inter-carrier discovery reception for both intra-PLMN and inter-PLMN cases. In Rel-13, the eNB should control whether the served idle UEs are allowed to read TX resource pools in SIB19 of the configured inter-frequencies list, and if they are able to transmit discovery autonomously on the obtained TX resource pools. 
If the eNB allows, the UE can read SIB-19 of another carrier to obtain discovery TX resource pools, and transmit discovery messages autonomously in the obtained TX resource pools. This should be similar if the carrier belongs to an authorized PLMN, either intra-PLMN or inter-PLMN.
Proposal 4: The eNB should control if the served idle UEs are allowed to autonomously read TX resource pools on the carriers (for both intra-PLMN and inter-PLMN) configured in SIB19.
Proposal 5: If allowed by the eNB, the UE can read SIB19 of another carrier to obtain discovery TX resource pools. The UE can then transmit discovery messages autonomously in the obtained TX resource pools, if the carrier belongs to an authorized (intra-PLMN or inter-PLMN) carrier.

If the serving cell does not configure resource pools for discovery transmission in SIB19, and does not allow the UE to read TX resource pools on the carriers listed in SIB19, the UE interested in discovery transmission should connect to the eNB to request a discovery TX resource allocation.

Proposal 6: If the serving cell does not configure resource pools for discovery transmission in SIB19, and does not allow the UE to read TX resource pools on the carriers listed in SIB19, the UE interested in discovery transmission should connect to the eNB to request a discovery TX resource allocation.
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Fig.1 Inter-carrier transmission of idle UEs for intra-PLMN/inter-PLMN
3.2 Connected UE procedure
In Rel-12, UEs in connected state send sidelink UE information to the eNB for transmission of discovery messages, and then the eNB could configure resource pools or dedicated resources to the UE.

In Rel-13 for inter-carrier transmission, it is straightforward to follow the Rel-12 principle. UEs in connected state send sidelink UE information to the eNB first, and then the eNB could configure inter-carrier resources (intra-PLMN/coordinated inter-PLMN) to the UE. 
There are two options for the eNB to configure inter-carrier discovery TX resources of intra-PLMN/inter-PLMN carriers to the UE:
Option 1: Configure the discovery TX resource pool (Type 1) or dedicated resources (Type 2) for inter-carrier (intra-PLMN or inter-PLMN) via dedicated RRC signaling.
Option 2: Configure the inter-carrier list for intra-PLMN/inter-PLMN discovery TX via dedicated RRC signaling. The UE autonomously reads resource pools from SIB19 of the configured carriers.
As we can see from the agreements listed in the introduction section, RAN2 in fact has agreed that option 1 is allowed for the intra-PLMN scenario, and that both option 1 and option 2 are allowed for the inter-PLMN scenario. The remaining issue is whether option 2 should also be allowed for the intra-PLMN scenario. We think that it is better to have a common solution for both intra-PLMN and inter-PLMN scenarios. Furthermore, there could be cases that the serving cell cannot obtain a resource configuration from another carrier for the intra-PLMN scenario. Hence, we think the option 2 should also be allowed for the intra-PLMN scenario.
Proposal 7: For inter-carrier discovery, eNB could configure via dedicated RRC signaling connected UEs with discovery TX resource pool (Type 1) or dedicated discovery TX resources (Type 2), or alternatively could configure a carrier list to indicate to the UE to read resource pools autonomously from SIB19 of the configured carriers.
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Fig.2 Inter-carrier transmission of connected UEs for intra-PLMN/inter-PLMN

For the non-serving carrier, the resource configuration in different cells could be different. Therefore, for option-1, besides the resource configuration defined in Rel-12, the eNB should also indicate the carrier identity and cell identity in the discovery resource configuration message.
Proposal 8: for option-1 (the serving eNB configures resources via RRC), besides the resource configuration information defined in Rel-12, the eNB should also indicate the carrier identity and cell identity in the discovery resource configuration message.
4 SIB-19 change of inter-carriers
One additional issue about option 1 and option 2 that may need to be discussed is how to handle a change of the discovery TX resource pool for each of the two options. It is possible in the inter-carrier scenario for the eNB to change the discovery TX resource pool broadcast in its system information, though this may be not be frequent and only can happen at the system information Modification Period (MP) boundary. It is important for the UE to get any changes in a timely fashion, in order to quickly transition from the obsolete transmission resources to the new transmission resources. 
With the option 1, the updated resource pool can be configured via dedicated RRC signaling when the resource configuration changes for a non-serving carrier on which the UE is configured to transmit. 
With the option 2, the UE needs to periodically read and decode the system information of the non-serving carrier, at least following each MP boundary, in order to track possible system information changes. However, as mentioned above, these system information changes may be very seldom. Thus most of this reading and decoding of the SIBs is useless, and wastes UE power. This issue becomes more serious if the UE needs to track the system information of multiple carriers or PLMNs. The issue could be alleviated if the serving carrier is able to indicate to the UE that a relevant system information change of the inter-carrier is planned in near future, and the UE only re-reads and re-decodes the system information of the inter-carrier when receiving this indication. However, this seems only possible when the serving carrier and the inter-carrier are coordinated. 
Proposal 9: RAN2 is kindly asked to discuss how to handle the discovery resource configuration change of non-serving carriers.
5 Conclusion
 In this contribution, we discussed the authorization and resource allocation of ProSe discovery for different PLMNs. For authorization, we had the following observations and proposals.
Observation 1: In Rel-12, the MME indicates to the eNB if the UE is authorized for ProSe direct discovery in its serving PLMN. The eNB checks if a UE in RRC_CONNECTED is authorized for ProSe discovery in its serving PLMN, and then decide whether to configure discovery resources.

Observation 2: In Rel-12, authorization of UEs in RRC_IDLE for ProSe discovery is performed by high layers. The authorized UEs can use resource pools broadcast in SIB-19 for discovery message monitoring.

Proposal 1: For UEs in RRC_IDLE, high layers perform authorization for discovery message transmission for inter-PLMNs. 

Proposal 2: For UE in RRC_CONNECTED, the eNB should perform authorization of inter-carrier discovery transmission for both intra-PLMN and inter-PLMN. 

For resource allocation, we had the following observations and proposals.

Observation 3: Each carrier broadcasts only its own RX/TX resource pool in R12.

Observation 4: If the resource pools of another carrier are configured in SIB19, the resource pools should be cell-specific because different cells could configure different resource pools for discovery transmission. As such the size of SIB19 would be significantly increased.

Proposal 3: Each carrier only broadcasts its own the TX discovery resource pool.
Proposal 4: The eNB should control if the served idle UEs are allowed to autonomously read TX resource pools on the carriers (for both intra-PLMN and inter-PLMN) configured in SIB19.
Proposal 5: If allowed by the eNB, the UE can read SIB19 of another carrier to obtain discovery TX resource pools. The UE can then transmit discovery messages autonomously in the obtained TX resource pools, if the carrier belongs to an authorized (intra-PLMN or inter-PLMN) carrier.

Proposal 6: If the serving cell does not configure resource pools for discovery transmission in SIB19, and does not allow the UE to read TX resource pools on the carriers listed in SIB19, the UE interested in discovery transmission should connect to the eNB to request a discovery TX resource allocation.

Proposal 7: For inter-carrier discovery, eNB could configure via dedicated RRC signaling connected UEs with discovery TX resource pool (Type 1) or dedicated discovery TX resources (Type 2), or alternatively could configure a carrier list to indicate to the UE to read resource pools autonomously from SIB19 of the configured carriers.
Proposal 8: for option-1 (the serving eNB configures resources via RRC), besides the resource configuration information defined in Rel-12, the eNB should also indicate the carrier identity and cell identity in the discovery resource configuration message.
Proposal 9: RAN2 is kindly asked to discuss how to handle the discovery resource configuration change of non-serving carriers.
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