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1   Introduction
At RAN2#83 meeting, the LTE device to device proximity service SI was discussed in RAN2 for the first time. Several open issues with regards to D2D discovery were identified for further consideration. In this contribution, we focus on the UE RRC state for D2D discovery for the in-coverage case. 
2   Discussion
According to the discussion at RAN2#83, it is still an open issue whether, to support D2D discovery, UEs have to be in CONNECTED state or they can also be in IDLE state. For the purpose of power saving, the majority of UEs in the network are typically in RRC IDLE state. If there is no restriction on the UE RRC state for D2D discovery support, this could greatly extend the applicability scope of D2D services: not only the D2D UEs in CONNECTED state but also those in IDLE state could benefit from the D2D discovery service. However, D2D discovery support for IDLE UEs may introduce new challenges and additional functions. In this section, we analyze the differences for CONNECTED and IDLE UEs to support D2D discovery and investigate potential issues. Finally, we present possible solutions to demonstrate the feasibility of supporting D2D discovery for IDLE UEs.
A typical D2D direct discovery procedure involves announcing UEs and monitoring UEs, which are separately analyzed in the following sections.
2.1
Announcing UE
During the D2D direct discovery procedure, the announcing UE transmits a discovery beacon over the air interface, which can use a message of x bits and/or sequences. The discovery beacon may contain the announcing UE’s identity (explicit or implicit) and some other essential information. Before the discovery beacon transmission, the announcing UE has to obtain the D2D discovery resource. According to the agreements in RAN1#73 meeting [1], two types of discovery procedure called type 1 and type 2 are defined, based on different radio resource allocation schemes.
	· Type 1: a discovery procedure where resources for discovery beacon transmission are allocated on a non UE specific basis
· Type 2: a discovery procedure where resources for discovery beacon transmission are allocated on a per UE specific basis


For announcing UEs in CONNECTED state, both type 1 and type 2 procedures can be used. With type 1 procedure, the eNB may allocate a common resource pool for all the served UEs (i.e. cell specific) via system information, or for a group of UEs via dedicated RRC signalling. The announcing UE shall acquire the discovery resource in a contention based fashion. With type 2 procedure, a UE specific discovery resource is allocated by the eNB for each individual UE and no contention based procedure is needed for the announcing UE. More network control can be considered to achieve more efficient D2D discovery using the type 2 procedure. For example, in the targeted D2D discovery case, the announcing UE can inform the eNB of the target UE(s) when requesting the radio resource for discovery. And then, the eNB can inform the target UEs to monitor the specific discovery resource over which the announcing UE shall transmit the discovery beacon. While in the non-targeted discovery case, the eNB can inform the UEs in vicinity of the announcing UE to monitor the discovery resource assigned to the announcing UE as an optimization. 
While in type 2 procedure the announcing UE is required to be in CONNECTED state to obtain UE specific discovery resource from the serving eNB, type 1 discovery procedure can also be used to support IDLE state announcing UEs. Using type 1 procedure for IDLE UEs, the eNB shall broadcast the common resource pool for all the UEs (i.e. cell specific) via system information. The IDLE state announcing UE shall then acquire the discovery resource in a contention based fashion. And then it can transmit discovery beacons still without entering CONNECTED state.  
Observation 1: Type 1 procedure allows supporting IDLE state announcing UEs. A UE in network coverage may transmit discovery beacons in IDLE without entering CONNECTED state.
Note that in case type 1 and type 2 procedures are both supported for D2D discovery, the UE specific discovery resource for type 2 procedure should be selected from a dedicated resource pool which is non-overlapping with the common resource pool for type 1 procedure, otherwise contention may happen for the D2D UEs using type 2 procedure.  In our view, to avoid contention, UE specific resources (from the dedicated resource pool) should be allocated for announcing UEs in CONNECTED state, while non-UE specific resources (i.e. the common resource pool) should be allocated by the eNB only for announcing UEs in IDLE state.
Proposal 1: The eNB should broadcast the common resource pool to support IDLE state announcing UEs and should use dedicated RRC signalling to reserve resources for announcing UEs in CONNECTED state.
2.2
Monitoring UE
During the D2D direct discovery procedure, the monitoring UE shall receive discovery beacon and identify the announcing UE according to the identity included in the discovery beacon. So the monitoring UE needs to know the radio resource for monitoring and identifying the announcing UE.
1) Radio resource monitoring 
For monitoring UEs in CONNECTED state, the eNB can broadcast the information about the resources for monitoring via system information. Alternatively, in case UE specific resources are allocated to the announcing UEs, as an optimization to allow more efficient discovery and UE power saving, information about the UE specific resources for monitoring can be sent to the monitoring UE via dedicated RRC signalling. 
Transmission of information about the UE specific resources for monitoring is not applicable for monitoring UEs in IDLE state (as this would require dedicated RRC signalling). On the other hand, information about non-UE specific resources – which is necessary to support the IDLE state announcing UEs – can be broadcast by the eNB via system information and can be obtained by IDLE state announcing UEs without entering CONNECTED state. 
As analyzed in Section 2.1 above, in case both type 1 and type 2 procedures are supported for D2D discovery, two sets of discovery resources (i.e. a dedicated resource pool and a common resource pool) are recommended to be maintained in the eNB. As a result, the resources for monitoring broadcasted by the eNB shall contain both the two sets of discovery resources, i.e. the dedicated resource pool and the common resource pool. As a result, D2D UEs in either IDLE or CONNECTED states who intend to discover other D2D UEs can monitor both sets of discovery resources. 
In summary, discovery resource indication for monitoring UEs can be supported by IDLE UEs via system information broadcast from the eNB.
Proposal 2: The eNB should broadcast discovery resource for monitoring to support IDLE state monitoring UEs.
2) Identification of the announcing UE
There are two different use cases with regards to D2D discovery called open discovery and restricted discovery [2]. For the open discovery, the announcing UE may encapsulate the application user ID in the discovery beacon so that all the UEs receiving the discovery beacon can identify the announcing UE. However, the restricted discovery only takes place with explicit permission from the UE being discovered [2]. Considering the privacy requirements, the application user ID should not be exposed to unauthorized parties and should not be applicable for discovery use in the restricted D2D discovery use case [2]. According to the candidate solutions discussed in SA2 and captured in TR 23.703 [3], the application user ID may be mapped to some implicit identity (e.g. ProSe expression code) and the UE broadcast discovery beacon may contain the implicit identity instead. So, for restricted discovery case, the monitoring UE shall identify the announcing UE according to the implicit identity received in the discovery beacon. There are two options to perform the identification, as described below.
Option1. Via local check in the UE
The identification can be locally performed at the monitoring UE side, via checking the list of UEs allowed to be discovered (also called allowed UE list). The allowed UE list contains the mapping table of the implicit identity and corresponding application user ID. This list may be pre-provisioned by network (e.g. by the ProSe server) when the UE is in connected state, e.g. during D2D registration. Furthermore, the network should be responsible for maintaining the allowed UE list up to date. For the monitoring UEs in CONNECTED state, the allowed UE list can be timely updated. However, for IDLE state monitoring UEs, the update of the allowed UE list may be delayed and some mismatch may temporarily occur between the allowed UE list maintained in the UE and in the one in the core network.
Option2. Via inquiring the network
Alternatively, the monitoring UE can report the received implicit identity in the discovery beacon to the network to inquire the explicit identity of the announcing UE. If the network verifies that the monitoring UE is allowed to discover the announcing UE, the announcing UE’s application user ID would be sent to the monitoring UE. This option requires the monitoring UE to be in CONNECTED state, i.e. the monitoring UE in IDLE state needs to establish a RRC connection and enter CONNECTED state before enquiring the network.
In summary, option 1 can be used by monitoring UEs in IDLE state to identify the announcing UE for restricted discovery case, with the additional effort/complexity of the configuration and maintenance of the allowed UE list in the UE and the local check of the allowed UE list. However, it is worthwhile to support IDLE state monitoring considering the related benefits, i.e. the reduction of signalling overhead for RRC state transitions and UE power saving.
Observation 2: A UE in network coverage may receive discovery beacons in IDLE without entering CONNECTED state.
Proposal 3: The list of UEs allowed to be discovered should be provisioned in the UE to support IDLE state monitoring UEs.
3   Conclusion
In this contribution, we discussed the UE RRC state for D2D discovery in the in-coverage case, deriving the following observations:
Observation 1: Type 1 procedure allows supporting IDLE state announcing UEs. A UE in network coverage may transmit discovery beacons in IDLE without entering CONNECTED state.
Observation 2: A UE in network coverage may receive discovery beacons in IDLE without entering CONNECTED state.
It is then proposed:

Proposal 1: The eNB should broadcast the common resource pool to support IDLE state announcing UEs and should use dedicated RRC signalling to reserve resources for announcing UEs in CONNECTED state.
Proposal 2: The eNB should broadcast discovery resource for monitoring to support IDLE state monitoring UEs.
Proposal 3: The list of UEs allowed to be discovered should be provisioned in the UE to support IDLE state monitoring UEs.
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