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1. Introduction
The support for inter-PLMN discovery was discussed in RAN1#77 [1]

 REF _Ref392100427 \w \h 
[2] and proposed in RAN2#87[3]. 

In this contribution, the need for inter-PLMN D2D discovery is further considered along with possible solutions. 
2. Support for inter-PLMN discovery
During the previous RAN1 and RAN2 meetings, some companies have expressed interest in supporting inter-PLMN functionality over LTE D2D especially considering the advantage over the existing peer-to-peer discovery functionality. SA2 has also captured the support for inter-PLMN discovery in Rel-12 [2]. Also, D2D has already been identified as one of the promising technologies with the potential to reduce traffic accidents [4].  If D2D discovery is limited to intra-PLMN operations, the usefulness of D2D would be greatly reduced. 
Proposal 1:
Inter-PLMN D2D discovery should be supported in Rel-12.

3. Stage-2 design of inter-PLMN discovery
Principle
At RAN2#87, intra- and inter-frequency neighbour cell support was discussed and some agreements were reached [5]; 
	Agreements
1
Support both deployment scenarios for inter-cell discovery: 1) synchronized deployment, and 2) asynchronized deployment. 

2
Support both resource allocation strategy of operator: 1) overlapping discovery resource between cells, 2) non-overlapping discovery resource between cells

3
The serving cell may provide in SIB information which neighbour frequencies support ProSe discovery. 

4
For synchronized, full-overlapping, intra-frequency deployment, the eNB provides just one resource pool (no D2DSS information required)

FFS: what information is required for other deployments and how much data that will comprise (feasible for SIB?)


If Proposal 1 is adopted, one straightforward way to provide inter-PLMN discovery is to incorporate the functionality on top of the mechanism for inter-cell/inter-frequency discovery support. In other words, inter-PLMN discovery should be supported through the use of SIB already agreed for inter-cell/inter-frequency discovery.
Proposal 2:
RAN2 should agree that inter-PLMN discovery should be realized on top of the mechanism for inter-cell/inter-frequency discovery. 
SIB18 provisioning scheme
In order to support inter-PLMN discovery, discovery resource information will also be needed in order for D2D UEs to monitor discovery signals transmitted in cells belonging to other PLMNs. According to current agreements, the UEs can obtain from the SIB of its serving cell (e.g., SIB18) the full set of information for intra-frequency discovery reception and at least indications which frequencies support discovery. Although it’s yet to be decided whether the SIB18 transmitted from the serving cell contains the full set of information for inter-frequency discovery, it may be assumed that the serving cell has knowledge of such information for intra-frequency and inter-frequency discovery reception as long as the frequencies are from the same PLMN. 
The situation is different for inter-PLMN discovery support since it is unclear how cells belonging to different PLMNs may obtain the full set of discovery information from one another. Two options may be considered: 
· Option 1: The serving cell provides in SIB a copy of SIB18 from other PLMNs. 
· OAM-level SIB18 sharing: This may include configurations based on roaming agreements or server configurations shared or accessible by multiple PLMNs. With this option, the shared discovery information from SIB18 is assumed to be static or semi-static. It is assumed the UE may decode its serving cell’s SIB18 to obtain the discovery information belonging to a different PLMN(s). The drawback with this option is the significant increase in the size of SIB18, esp. if discovery information from multiple inter-PLMNs needs to be supported. 
· RAN-level SIB18 sharing: This may be direct X2 over PLMN(s). Although it can facilitate more dynamic SIB18 sharing, it’s at least out of the scope of Rel-12. 
· Option 2: UEs obtain SIB18 directly from the cell belonging to another PLMN. 
· With Option 2, the UE will need to obtain SIB18 directly from the neighbour cells belonging to another PLMN(s). This facilitates dynamic SIB18 sharing and the serving cell does not need to provide SIB18 of different PLMN(s) in its own SIB18. This option does increase the complexity for the UE to decode multiple SIB18s for inter-PLMN discovery. It is FFS if the UE will require coordination with its serving cell to obtain SIB18 belonging to another PLMN.
If Option 1 is adopted, the size of SIB18 would need to be increased significantly to accommodate the discovery information from multiple PLMNs. With Option 2, the size of the SIB is limited to intra-PLMN and the complexity for the UE to decode multiple SIB18s is limited esp. if the discovery information is considered semi-static. Therefore, we conclude that Option 2 should be adopted.
Proposal 3:
Agree that the serving cell only needs to provide SIB18 belonging to its own PLMN. 
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Fig. 1
SIB18 provisioning options
Identification of frequencies of other PLMNs
In agreement 3 (re-posted below from section 3.1), it’s not clear whether the “neighbour frequencies” includes the frequencies of other PLMNs. 
	3
The serving cell may provide in SIB information which neighbour frequencies support ProSe discovery. 


If the frequency information is not available from the SIB of the UE’s serving cell, the UE would need to frequently tune away from the serving frequency just to find out if cells from other PLMNs are within coverage and if SIB18 is provided. However, if frequencies of other PLMNs are listed in the serving cell’s SIB the UE may simply tune to the specified frequency and obtain SIB18 directly from the inter-PLMN cell using existing DRX opportunities. 
Proposal 4:
Agree that the SIB of the UE’s serving cell provides frequencies of other PLMNs to allow inter-PLMN D2D discovery. 
4. Discovery information sharing among PLMNs
One of the issues that should be considered is the need for discovery information exchange (or SIB18 information exchange) among PLMNs, since this would have an impact on potential solutions. Both aspects are discussed in detail below. 
Without SIB18 information exchange among PLMNs
If the above Proposals are agreeable, inter-PLMN discovery would be facilitated on top of inter-frequency discovery mechanism. However, if it is assumed the inter-PLMN discovery information sharing is not supported, there wouldn’t be any straight forward way for the serving cell to appropriately configure the UE with the opportunity to obtain SIB18 information from an inter-PLMN cell. In particular, RAN1 has already assumed the UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting [6]. 
Observation:
Without the sharing of inter-PLMN discovery information, the serving cell may not be able to appropriately configure UEs for the monitoring of inter-PLMN discovery signals.  
In light of the Observation, and in order for the UE to obtain SIB18 information to monitor discovery signals from cells belonging to another PLMN, two options may be considered: 
· Option 1a: The UE may obtain SIB18 information and monitor discovery signals belonging to another PLMN using the existing DRX configurations, during the DRX OFF period. 
· Option 2a: Inter-PLMN discovery information is indirectly provided to the serving cell by the UE. For example, the UE forwards the full or subset of SIB18 which is received from an inter-PLMN cell. 
In comparison, Option 1a does not require significant changes to the existing specification to support inter-PLMN discovery; however, with the existing DRX, the opportunities for inter-PLMN discovery is on a “best effort” basis. There’s no guarantee that the UE will be able to monitor the preferred inter-PLMN discovery signals using DRX alone. Furthermore, the opportunities for inter-PLMN discovery monitoring will be reduced since the UE is still allowed to perform UL cellular during DRX OFF period, such as HARQ retransmissions and SR, and it is assumed that the UE does not support simultaneous discovery monitoring and UL WAN communication.
With Option 2a, UE provides the inter-PLMN discovery information of interest to the serving cell. This is similar to the mechanism for SON ANR, but expanded to include inter-PLMN support. Once the serving cell receives the discovery information, it is up to the serving cell to decide whether to configure the UE with the suitable occasions for inter-PLMN discovery. The drawback with this option is the likelihood for increased signalling over the Uu interface.
Since both options have drawbacks, RAN2 should decide which of the two options will have greater specification impacts that can be considered acceptable while providing sufficient benefits for D2D discovery. However, regardless of which option is adopted it should be clear that the UE’s behaviour should be under control of the serving cell. 
Proposal 5:
RAN2 should agree that the UE’s behaviour regarding inter-PLMN discovery monitoring should be under the control of the serving cell. 
Proposal 6:
If SIB18 information is not exchanged among PLMNs, RAN2 should discuss if Option 1a or Option 2a is preferable.
With SIB18 information exchange among PLMNs 
Assuming the full set of SIB18 information is exchanged between cells belonging to different PLMNs it may be assumed the serving cell knows the inter-PLMN discovery occasions of the cell belonging to the other PLMN. However, due to the number of neighbouring cells from other PLMNs it is not feasible for the serving cell to include all discovery resources from other PLMNs in SIB18. The size of SIB18 would be increased significantly. The serving cell would have two options in configuring gap occasions for the UE to monitor and receive discovery resources from cells belonging to other PLMNs. 
· Option 1b: If the serving cell does not broadcast any discovery information on SIB18, it would be up to the serving cell to configure the UE with inter-PLMN discovery occasions for one or more discoverable frequencies. The serving cell may configure the UE of the inter-PLMN discovery occasions, according to the capabilities of the UE. 
With Option 1b, the serving cell will not need to provide any inter-PLMN discovery information on SIB18, including any inter-PLMN frequency information. The serving cell’s does not require any feedback from the UE to configure the UE with inter-PLMN discovery occasions. Although this is a simpler way to support inter-PLMN discovery, Option 1b has the drawback that the serving cell cannot take into account of the UE’s preferences for the inter-PLMN discovery. 
· Option 2b: With this option the serving cell would broadcast in SIB18 the discoverable frequencies from other PLMNs. The UE could indicate to its serving cell its intention for monitoring discovery resources in one or more frequencies from other PLMNs. Based on the discovery interest indication, the serving cell may configure the UE with inter-PLMN discovery occasions suitable for the UE’s needs.  
Option 2b has the advantage that the configuration of discovery occasions can be precisely determined by the serving cell based on the UE’s frequency of interest. It does have the drawback that additional signalling is needed to broadcast the inter-PLMN frequencies in SIB18 and the need for the UE to send discovery interest indication to the serving cell before the UE can be properly configured with discovery occasions. 
Both options also have some drawbacks; however, Option 2b is preferable since the serving cell may limit the discovery occasions to only those frequencies of interest to the UE.  
Proposal 7:
Assuming SIB18 information is exchanged among PLMNs, inter-PLMN discovery occasions should be based on the frequencies of interest to the UE. 
5. Conclusion 
In this paper, the need for inter-PLMN D2D discovery is discussed and a simple mechanism is provided to support inter-PLMN D2D discovery. Additionally, possible issues and potential solutions are addressed. RAN2 is kindly asked to take into account the observation and proposals below. 
Proposal 1:
Inter-PLMN D2D discovery should be supported in Rel-12.

Proposal 2:
RAN2 should agree that inter-PLMN discovery should be realized on top of the mechanism for inter-cell/inter-frequency discovery. 
Proposal 3:
Agree that the serving cell only needs to provide SIB18 belonging to its own PLMN. 
Proposal 4:
Agree that the SIB of the UE’s serving cell provides frequencies of other PLMNs to allow inter-PLMN D2D discovery. 
Observation:
Without the sharing of inter-PLMN discovery information, the serving cell may not be able to appropriately configure UEs for the monitoring of inter-PLMN discovery signals.  
Proposal 5:
RAN2 should agree that the UE’s behaviour regarding inter-PLMN discovery monitoring should be under the control of the serving cell. 
Proposal 6:
If SIB18 information is not exchanged among PLMNs, RAN2 should discuss if Option 1a or Option 2a is preferable.
Proposal 7:
Assuming SIB18 information is exchanged among PLMNs, inter-PLMN discovery occasions should be based on the frequencies of interest to the UE. 
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