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1 Introduction
At the previous meetings, several agreements on the discovery scenarios and resource allocation were made [1].
	1
RAN2 aims to support of Inter-Frequency and Inter-PLMN discovery for monitoring UEs will be introduced.

2
An eNB may provide in SIB a list of (intra-PLMN-inter-frequency and/or inter-PLMN-inter-frequency) carriers (possibly with the corresponding PLMN ID) on which the UE may aim to receive ProSe discovery signals. 


A cell does not provide detailed ProSe configuration (SIB18) for other carriers. If a UE wants to receive ProSe discovery signals on another carrier, it needs to read SIB18 (and other relevant SIB) from there. 

FFS whether (as a configuration) option an eNB may provide detailed ProSe Discovery information abot other intra-PLMN carriers.

FFS whether the list of other ProSe carriers could alternatively be provided by higher layers for inter-PLMN carriers.

4
Intra- and inter-frequency (and inter-PLMN) ProSe reception does not affect Uu reception (e.g. UEs use DRX occasions in IDLE and CONNECTED to perform ProSe discovery reception or it uses a second RX chain if available). The UE shall not create autonomous gaps. 


If the UE has to obtain ProSe discovery (2a) configuration from the SIB of an inter-frequency cell, this does not affect the UE’s Uu reception on the serving cell(s).

5
An RRC CONNECTED UE interested (or no longer interested) in intra- or inter frequency ProSe discovery reception indicates this by sending a “ProSe indication” to the eNB (further restrictions to be discussed). 


In this contribution, we discuss configuration aspects to support resource management and inter-PLMN discovery.
2 Discussion

As per RAN 2 agreements [1] we have already agreed that the UE will send an “ProSe indication” to the UE when it is interested or no longer interested in performing discovery receptions. Additional parameters that may be included in this message are FFS.

The signaling flow between the UE and eNB for assignment of discovery resources is shown in Figure 1.
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Figure 1
2.1 Parameters for Resource Allocation
2.1.1 Parameters for Discovery Resource Management
Multiple discovery applications may be running in the UE, and each discovery application may perform multiple discovery announcements with different periodicity. 

For Type 2B discovery, the UE needs to indicate the number of discovery applications running and/or the number of resources needed to support all applications. 

In Type 1 discovery, UEs determine which set of resources to use based on a per-cell configuration signalled on the SIBs.  To properly manage the Type 1 pool, the eNB needs to be able to estimate the average resource demand in terms of number of UEs accessing the pool, as well as rate of discovery announcements that need to be performed or number of discovery applications that need to be supported by a given UE. 
At least for CONNECTED mode UEs, a simple way to support both Type 1 and Type 2B is to provide this information to the eNB along with the ProSe indication message. 
Proposal 1: Agree on adding the number of discovery announcements for each discovery period and/or number of discovery applications in the ProSe indication message. 
The discovery application layers may generate discovery messages at rates that are not controllable by the RAN and therefore increasing the risk of unnecessarily congesting the Type 1 resources.  To mitigate potential issues with application-layer variability in discovery transmission rate, a maximum average discovery transmission rate could be configured in the UE.  
A simple way to support this could be to support the eNB configuring a maximum discovery transmission rate parameter in the RRCConnectionReconfiguration message. 
Proposal 2: Agree on adding a UE maximum discovery transmission rate parameter which restricts the number of resources UE is allowed to use in each discovery period in the RRCConnectionReconfiguration message. 
2.1.2 Parameters to Support Inter-carrier D2D operation (Different PLMNs)
In the last meeting, it was agreed to support intra-frequency and inter-frequency D2D discovery using DRX, both for intra and inter-PLMN. 
For discovery, the minimum UE capability that needs to be supported is single receiver UE. Even in the presence of two receiver chains, there is a need to support time-multiplexing to account for self-interference between cellular transmissions and D2D reception. Thus, it is clear that the UE may need to perform TDM between cellular reception and D2D transmission/reception.
We also already agreed to use DRX to configure the UE with necessary gaps in cellular reception. However, as shown in Figure 1, the discovery configuration settings may be quite unaligned across intra- and inter-PLMN neighbor cells, and tight coordination between sites will be needed allow serving eNB to perform appropriate DRX configuration. 
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Figure 2 ProSe Discovery in Inter-PLMN networks
Observation 1: The eNB needs to be aware of neighbor cell reception pool configurations to appropriately configure the UE with DRX pattern and coordination between sites needs to be to be presumed to support inter-cell discovery operation.

For neighboring cells of the same PLMN or coordinated inter-PLMN deployments on the same frequency, it can be assumed that the network deployment is tightly coordinated and the necessary information can be provided to all eNBs in time. 

However, for inter-PLMN deployments with different frequencies, currently there is no need for coordination among operators, and some operators have voiced concerns on the feasibility of supporting this exchange between eNBs of neighboring cells. Based on these concerns, we also captured in the last meeting an agreement that a cell does not need to provide detailed ProSe information (SIB18) for other carriers. 

Observation 2: Tight coordination may not be possible in inter-PLMN deployments to provide eNB all the necessary information to configure DRX for D2D appropriately.

If this level of coordination can be assumed, and all the necessary information is available to the eNB, then inter-PLMN/interfrequency discovery can be supported with the existing mechanisms.  
Proposal 3: Discuss if tight coordination between eNBs in inter-PLMN deployments can be assumed.  
If tight coordination between eNBs in inter-PLMN deployments cannot be assumed, then the serving eNB cannot provide the UE with accurate information of discovery resources to be used in the other carrier, and therefore the UE will not have the required information to perform discovery in the other carrier.    
Observation 3: In case of inter-PLMN scenarios with no coordination, the UE may not have the required information to perform discovery procedures in the non-serving carrier.
The UE may acquire the inter-frequency discovery information using two possible mechanisms:

1.  The ProSe function provisions the UE with the neighbor cell information: The information is provided to the UE via the ProSe function.  However, based on current architecture defined by SA2, the ProSe function is a separate logical entity for each PLMN, and this would similarly lead to additional discussions in SA2 and a new requirement for the ProSe functions of different PLMNs to frequently interface with each other to exchange RAN configuration information. 

2.  UE directly reads SIB18 information for the neighboring cells: This might be the simplest option to support for Rel-12, but implies the UE autonomously needs to read and maintain up-to-date SIB18 information from neighboring cells
Given that it is not clear how the interaction of ProSe function would occur in the network and how frequently the information can be updated using ProSe function, it may be preferable to rely on the UE autonomously acquiring the discovery resources from SIB 18 of the neighboring cell. 
Proposal 4: The UE autonomously  acquires the inter-frequency inter-PLMN discovery resources by reading the neighbor cell SIB18.
Regardless how this information is acquired in the UE, the information may not be available to the serving eNB and therefore it may not be possible for the serving eNB to properly coordinate and  determine the optimal DRX patterns. 
Observation 4: In case of inter-PLMN scenarios, the eNB may not be aware of the neighbor cell configuration that is available in the UE.
Therefore it is proposed that the UE provides to the eNB the time configuration of the discovery reception/transmission pools that it has acquired from SIB18.   In addition, for asynchronous networks, the UE may also need to indicate the time reference used in the other cells.
Proposal 5: The UE provides the serving eNB with the neighbor cell discovery resource pools acquired from SIB18 in the frequency of the other PLMN.   
The UE can use the already agreed UE indication message used to indicate preference to start/stop D2D discovery operations.  The decision on whether this information is added or not could be left to UE implementation, for e.g. if the UE receives configuration from higher layers or from reading SIB of other nodes, this information can be provided to the serving eNB.
Proposal 6: The UE provides the acquired neighbor cell discovery resource pool configuration in the Prose Indication message.
3 Conclusion
In this paper we have discussed the various parameters which need to be signaled in dedicated RRC signaling.

Proposal 1: 
Agree on adding the number of discovery announcements for each discovery period and/or number of discovery applications in the ProSe indication message. 

Proposal 2: 
Agree on adding a UE maximum discovery transmission rate parameter which restricts the number of resources UE is allowed to use in each discovery period in the RRCConnectionReconfiguration message. 

Proposal 3: 
Discuss if tight coordination between eNBs in inter-PLMN deployments can be assumed.  
Proposal 4:
The UE autonomously  acquires the inter-frequency inter-PLMN discovery resources by reading the neighbor cell SIB18.
Proposal 5: 
The UE provides the serving eNB with the neighbor cell discovery resource pools acquired from SIB18 in the frequency of the other PLMN.   
Proposal 6: 
The UE provides the acquired neighbor cell discovery resource pool configuration in the Prose Indication message.
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