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1 Introduction

At the last two RAN2 meetings (RAN2#83 & RAN2#83bis) progress was made on ProSe discovery. The following points have been agreed to date [1] & [2]:
	Agreements
RAN2#83:
· According to the RAN plenary prioritization, we will focus on a D2D Discovery mechanism for in-coverage. 

· RAN2 should focus on the study of direct discovery (no need to look into EPC based discovery in RAN2).

· Open and restricted Prose Discovery should have similar RAN2 mechanism to avoid complexity. Need for additional security/authentication/authorization mechanisms in AS level for restricted discovery may be discussed. 

RAN2#83bis
· It is possible for UEs to receive D2D discovery message while being IDLE and CONNECTED.

· If the UE cannot interpret (in AS or higher layers) the received D2D discovery message it may or may not establish an RRC Connection in order to verify the content e.g. with an application server. 

· No need to distinguish PUSH and PULL model on Access Stratum. (We assume that a mechanism to trigger transmission of a D2D discovery message upon reception of another D2D discovery message can be realized by higher layers if a need is identified (up to SA2 to discuss))

· We do not distinguish open and restricted discovery on access stratum level.

· Transmission of discovery messages should be supported in IDLE mode and in Connected mode. In both modes the UE needs to be allowed by the NW to transmit these messages. The NW needs to be in control of the resources and transmission mode (CONNECTED and/or IDLE) that the UEs may use to transmit Discovery signals. The details (Type 1 or Type2; SIB or dedicated) are FFS.   




Reference [3] discussed the RAN2 impact of proximity discovery from several aspects, including: discovery signal L2 protocol stack, discovery message content, and discovery procedures for different types of discovery resource allocation (Type 1, Type 2a, and Type 2b). Furthermore, reference [4] compared these three approaches for discovery resource allocation, and discussed the pros and cons of each approach.

In this contribution we provide a more detailed analysis of the protocol aspects related to proximity discovery and discovery resource allocation. We highlight in particular the impact of ProSe discovery to AS signaling (RRC), and differentiate it from non-AS messaging
 needed to implement ProSe discovery procedures.
2 Discovery procedures
TS 22.278 [5] defines ProSe Discovery as a service provided by the LTE system (EPS and UE), and details the requirements to control and support this service. ProSe discovery procedures must comply with and support these requirements, and in particular provide the necessary mechanisms for the user and network authorization and control of ProSe discovery to the level of the individual application. 

Reference [6] proposes architectural enhancements and potential solutions to address the service requirements defined in [5]. Figure 1 illustrates the reference architecture
 adopted by SA2 [6], and repeated here for clarity. 
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Figure 1 Non-Roaming Reference Architecture [6]
Solution 9 of TR 23.703 [6], outlines the procedures needed to support ProSe discovery. Reference [3] briefly provided simplified discovery message flows, for different discovery resource allocation types. Regardless of the specifics of discovery resource allocation methodology, we can distinguish 4 phases or sub-procedures:

2.1 ProSe Discovery Registration

2.1.1 ProSe UE Registration

The first step to enable ProSe Discovery, is for the user to access his/her account with the operator, and register the UE for the ProSe Discovery service. If ProSe Discovery is supported by the operator, and allowed for this user, the network [5] registers the UE for discovery, and allocates a ProSe UE ID. The ProSe UE ID uniquely identifies this UE for the purposes of ProSe services. Alternatively, the network may simply setup a ProSe profile for the device at registration, and postpone assignment of ProSe UE ID until a ProSe authorized application is activated on the UE (see 2.1)

Note that one user may have more than one device registered for ProSe Discovery, and each device is identified by a different ProSe UE ID. The operator’s network tracks which user devices are authorized for ProSe discovery based on the ProSe UE ID allocated for each of these devices. The signaling involved with ProSe UE Registration is not at the AS level (RRC), and hence may not have a direct impact on RAN.
Proposal 1: The operator’s network tracks which user devices are authorized for ProSe discovery, and allocates a ProSe UE ID to each of these devices.
Observation 1: The signaling involved with ProSe UE Registration is not at the AS level, and hence may not have a direct impact on RAN.
2.1.2 ProSe Application Registration

Next the user selects which applications should use the ProSe Discovery service. The operator may offer a menu of applications that are authorized to use ProSe Discovery. The user selects from among these authorized applications (for example through an online App store or portal). The user may need to download or update the application client with a ProSe enabled version of the App. For ProSe Discovery, each application is identified by a unique Application ID. The user registers a ProSe enabled application to a specific device, as the user may want to use ProSe Discovery differently, and with different applications on different devices. 

As defined in [5], a ProSe enabled application may be configured either for restricted or open discovery. For open discovery, a device running the application can be discovered by any other proximate device. With restricted discovery, the discovery of the UE is limited to a select group of other users. During ProSe Discovery application registration, the user selects the appropriate support for each application (open or restricted). For example, a user may select open discovery if his/her UE is announcing a particular service to any other user in proximity (e.g. Taxi service). On the other hand, with a social networking application for example, the user would typically restrict discovery to a limited buddy list. 
For restricted discovery, we can distinguish two scenarios or categories of user behavior:
Category A: The user may select a specific set of individuals to enable for ProSe discovery on a particular application (for example a set of friends or colleagues). This is typical for a social networking application, and is likely to be the major use case for ProSe discovery. In this case, the user would define this set of individuals during application registration, or the list can be provided to the operator’s network (ProSe Function) by the ProSe App server over the PC2 interface. 
Category B: The user may limit discovery to other users meeting some specific profile criteria. A typical example of this is a dating application. In this case, the discovery restriction would be enforced through interaction of the ProSe Function with the ProSe Application server (where the user’s profile is defined). Again this is accomplished using the PC2 interface.
Observation 2: Restricted discovery may be limited to a specific set of individual users of an application, or to a set of users meeting specific profile criteria enforced at the application server.
The list of ProSe enabled applications authorized for each user’s device is stored by the network operator as part of the user’s ProSe service profile. This includes whether the application is configured for open or restricted discovery, and in the case of category A restricted discovery, a list of other users authorized to discover the UE.

Proposal 2: The operator’s network stores a list of applications for each user’s ProSe registered UEs, the configuration of an application for open or restricted discovery, and a list of other users authorized to discover the UE when appropriate.
Since application registration is a configuration of the user’s ProSe profile on the operator’s network, it does not directly involve the RAN. However, we discuss it here as it may impact what type of information is transmitted by the announcing UE in different discovery scenarios (see 2.1.1). In particular, for applications configured for restricted discovery of category A, it is not necessary to announce an application ID, as it suffices for authorized devices (those on the user’s buddy list) to be able to identify the announcing UE.  This is because the user’s ProSe profile contains the all information regarding which application is registered for discovery, and which other users have been authorized for each application. Thus the size of the announcing message can be optimized, resulting significant benefits in terms of discovery range and resource utilization [7].
2.2 ProSe Discovery Activation
Once the UE and applications are appropriately registered for ProSe discovery in the user’s profile, the discovery service can be activated. For example, activation of the discovery service may be triggered by launching one of the ProSe enabled applications on the UE. Other criteria for launching the ProSe discovery service may also be defined.
A particular application may be configured by the user for discovery announcing only, discovery monitoring only, or typically for both announcing and discovery. There are several possible approaches for the ProSe enabled application to send a ProSe service request to the ProSe Function:

a. The application client on the UE uses application level messaging on PC1 towards the application server, and the application server requests ProSe discovery activation from the ProSe Function through PC2. Note that application level signaling between client and server on PC1 would normally be invoked when the application is launched on the UE.

b. The application client on the UE requests ProSe discovery service from the ProSe Function directly though PC3, without involving the application server.

c. The application client on the UE requests ProSe discovery service through an API (application programming interface) of the UE OS. The UE OS then requests ProSe discovery activation from the ProSe Function. In this case NAS may be used to send the request to the MME, and then MME passes it to ProSe Function through PC4.

Of these 3 options, option c has some significant drawbacks: It impacts multiple interfaces that would need standardization (NAS and PC4). It is dependent on an API for ProSe being defined at the UE OS. It would be difficult for the operator to upgrade or extend this API to enable new or enhanced ProSe services, as such capabilities would have to be coordinated with the UE OS vendor, version release, and across multiple OS platforms in the network. Furthermore, extension of the API may require further enhancements of NAS and PC4 to support these enhanced capabilities.
Options a and b are roughly equivalent, in that the ProSe API is exposed to the ProSe enabled applications directly at the ProSe Function. This approach is extensible, as it is relatively easy for the network operator to upgrade or enhance this API to support new ProSe services for different applications. Also these enhanced capabilities would available to any application, independent of UE OS. Option a is somewhat preferred, as the ProSe Function interfaces directly to the application server, for which a trust relationship is easier to establish than for a UE client. Hence it may be easier to establish the authenticity of the application requesting ProSe service. In any case, each of these options does not involve AS signaling (RRC). Therefore, the specific method has no direct impact to RAN. The only implication for RAN is that the UE must be in connected mode for ProSe Discovery Activation.

Observation 3: The UE must be in connected mode for ProSe Discovery Activation.
2.2.1 Announcing Configuration Procedure
If at least one application on the UE is configured for ProSe announcing, the ProSe Function should allocate an appropriate announcing code or codes to the UE. The announcing codes are the specific AS message fields that are transmitted in the discovery message on PC5.

We define two types of announcing codes for the discovery message [7]:

a. Private Announcing Code: This code is used by the network to distinguish between different announcing UEs. It is derived from the unique ProSe UE ID. The correlation of the announcing code to a particular UE is held privately by the operator’s network, and may only be disclosed to authorized nodes to enable monitoring and reporting (e.g. other UEs authorized for restricted discovery). 

b. Public Announcing Codes:  The meaning of a public announcing code does not need to be protected. For example a public announcing code may map to a specific Application ID or service (see section 2.0).  Public announcing codes are scanned by a monitoring UE to detect applications or services of interest offered by an announcing UE. They are only required for Open discovery or in case of category B restricted discovery.
Figure 2 shows the procedure for configuration of ProSe announcing. Upon receiving a ProSe service request from the UE, the ProSe Function allocates the announcing codes to this UE. The ProSe Function may allocate one private announcing code, one or more public announcing code, or neither. For example, the UE may have already been allocated a private announcing code, in a previous announcing configuration (e.g. triggered by ProSe service request from another application). In this case, there is no need to configure this private announcing code again. On the other hand, a public announcing code is not needed for applications configured for category A restricted discovery. Therefore, the ProSe Function only configures an announcing code to the UE as needed.
Proposal 3: The ProSe Function configures announcing cods to the UE only as needed, by initiating the ProSe announcing configuration procedure.

Proposal 4: A single private announcing code should be configured to a UE. Multiple public announcing codes can be configured to a UE.

The ProSe function sends a request to the UE’s MME over the PC4 interface to requesting the configuration of the announcing code. This request is passed to the eNB serving the UE over the S1 interface, and finally the announcing code is configured on the UE through RRC. The RRC message configuring the announcing code may also indicate the type of resource allocation (Type 1 or Type 2), and in the case of Type 2 a specific discovery resource may be assigned.

For category A restricted discovery, if a private announcing code has been allocated to the UE, it is also distributed to other UEs on the announcing UE’s buddy list, by invoking the monitoring configuration procedure 2.1.2 (step 12). Note that this may involve sending the new announcing code to another ProSe function serving buddy monitoring UE (ProSe Function M) using PC6 (step 11).
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Figure 2 ProSe Announcing Configuration Procedure

2.2.2 Monitoring Configuration Procedure
Figure 3 shows the procedure for configuration of ProSe monitoring. Upon receiving a ProSe service request from the UE, the ProSe Function will configure the monitoring UE with a list of announcing codes to monitor. This list may include one or more public announcing codes (Open discovery and category B restricted discovery), and/or a list of private announcing codes (category A restricted discovery). Note that unlike the announcing configuration, the number of private announcing codes that may be monitored is not limited. The message flow from ProSe Function to configure the monitoring UE’s RRC layer for monitoring is similar to that described for announcing configuration in section 2.1.1.

Note that in the case of an application configured for category A restricted discovery (typical social networking application), the UE needs to be provided with a list of private announcing codes to monitor. For a typical user, there will likely be a lot of overlap between the buddy lists of different social networking applications. Thus, the ProSe Function only needs to provide an incremental update if any additional private announcing codes need to be added to (or deleted from) the list of monitored private announcing codes.
Proposal 5: The ProSe Function will configure a monitoring UE with announcing code lists for ProSe Discovery: the public announcing code list and the private announcing code list.

Proposal 6: The ProSe monitoring configuration procedure shall allow for incremental updates of the UE’s monitoring lists.

Normally the UE’s buddy list maintained at the ProSe Function will be up to date with current private announcing codes. However, if the buddy UE is served by another ProSe Function (ProSe Function A in Figure 3), the monitoring UE’s ProSe Function (ProSe Function M in Figure 3) may optionally request to update the private announcing code for the buddy UE using PC6 (step 3). If a new private announcing code is allocated to a buddy UE (as in section 2.1.1), this may trigger ProSe Function A to update the monitoring UE’s private announcing code list (step 5).
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Figure 3 ProSe Monitoring Configuration Procedure
2.3 Discovery Resource Allocation and Discovery Message Transmission
Both announcing and monitoring UE should know the DTFR (discovery time/frequency resource) to respectively transmit and receive the discovery message. Reference [4] discussed the pros and cons of Type 1, Type2a and Type 2b discovery resource allocation. From the perspective of RRC, the main difference between Type 1 and Type 2 resource allocation is how the eNB signals the discovery resource to the UE. As discussed in [4] the main issue that needs to be considered is the impact of mobility, and how the UE’s discovery resource is updated when it is handed of, or reselects to a new serving cell. For UEs in connected mode there is no big challenge here. The discovery resource may be updated as part of the handoff signalling (RRCConnectionReconfiguration.mobilityControlInfo). Thus we will focus our discussion in what follows on idle UEs.

Proposal 7: For connected mode UEs, Type 2 discovery resource allocation can be signaled by enhancing the mobilityControlInfo IE.
For Type 1 discovery resource allocation, the UE autonomously selects a DTFR from a pool of resources configured by the eNB. The UE must read the cell’s SIB information to identify discovery subframes, and possibly to obtain configuration parameters for DTFR selection [4]. Thus upon reselection to a new cell, an announcing UE must suspend transmitting its discovery message until it has decoded the appropriate SIB information for this new cell. Once the UE receives the relevant information from the SIB message, it can resume transmission of its discovery message in the new cell.
For Type 2 discovery resource allocation, the main issue to be addressed is how the network can track the location of the idle UE. The TAU (tracking area update) procedure could be used to track UE location, but the granularity of the tracking area is typically very coarse. Furthermore, an idle UE does not need to enter connected mode, to get a discovery resource allocation from the eNB. Here we propose a ProSe Location Update procedure to support Type 2 discovery resource allocation, as illustrated in Figure 4.
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Figure 4. ProSe Location Update Procedure 
In Figure 4 the ProSe Location Update is triggered when the UE reselects away from an eNB, or a group of eNBs which coordinate discovery resource allocation. The UE uses the RACH procedure to initiate the ProSe Location Update to the new serving eNB. The UE send as short NAS message, which includes its current the last discovery resource (if any), and the identity of the eNB that allocated this discovery resource to this UE. The newly selected eNB forwards the ProSe Location Update message to the UE’s MME so as to update the UE’s location. If the last discovery resource is included in the message, the MME sends a message to the last eNB to release this resource. The new eNB may assign a new discovery resource to the UE, and piggy back this with the ProSe Location Update Ack (NAS message).
Proposal 8: A new ProSe Location Update Procedure is defined to enable efficient update of ProSe UE location with Type 2 discovery resource allocation.
2.4 Discovery Reporting

A monitoring UE in proximity of an announcing UE will detect and decode the discovery message. The monitoring UE extracts the announcing codes from the discovery message/signal, and compares them to its list of monitored public and private announcing codes. If a match is found, this triggers RRC on the monitoring UE to reports this discovery event to the ProSe Function.

Figure 5 illustrates the procedure for ProSe discovery reporting. If the discovered announcing code matches a code from the private announcing code list, this means that the monitoring UE has detected a buddy UE. The ProSe Function determines which applications on the monitoring UE were authorized to receive ProSe Discovery information for this discovered buddy UE. The ProSe function may need to first confirm the authorization of the monitoring UE. The ProSe Function of the monitoring UE maps the reported private announcing code to a ProSe UE ID, and uses this to check the authorization with the announcing UE’s ProSe Function (step 10). If authorization is validated, the ProSe Function reports the discovery event to the appropriate application(s) (step 12).
Observation 4: Category A restricted discovery does not require an application ID (public announcing code).
Another possibility is that the detected private announcing code may not be known to the monitoring UE, but a public announcing code from the public monitoring list may be found. This indicates the detection of an Open discovery application, or a category B Restricted discovery application. In this case the monitoring UE’s ProSe Function does not know the identity of the discovered UE. Therefore, it must use the reported private announcing code to identify the discovered UE. The monitoring ProSe Function may query the announcing UE’s ProSe function using PC6 interface (step 10). Furthermore, if the application was indeed configured for category B restricted discovery, the announcing function may need to check with the application server, to see if the user of the monitoring UE fits the restricted discovery profile (step 11). Finally the user ID of the discovered UE is reported by the ProSe Function to the monitoring UE.

Observation 5: Open discovery and Category B restricted discovery require both the public announcing code (application ID) and the private announcing code (mapped to ProSe UE ID).
Note that any of the 3 signaling methods discussed for for ProSe Discovery activation (section 2.1), can be also used for reporting of the discovery event to the authorized application client on the monitoring UE. However, none of these methods involves AS signaling.
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Figure 5 ProSe Discovery Reporting Procedure
3 Conclusion

In this paper we studied RRC procedures for ProSe discovery and discovery resource allocation. The impact of ProSe discovery on RRC can be summarized in 3 procedures:
1. ProSe Announcing Configuration Procedure
2. ProSe Monitoring Configuration Procedure
3. ProSe Discovery Reporting Procedure
We further introduced the ProSe Location Update Procedure to facilitate efficient idle UE localization and discovery resource allocation for Type 2 discovery.

Proposal 9: Capture the detailed of the procedures introduced to TR 36.843
We have the following observations and proposals:

Observation 1: The signaling involved with ProSe UE Registration is not at the AS level, and hence may not have a direct impact on RAN.
Observation 2: Restricted discovery may be limited to a specific set of individual users of an application, or to a set of users meeting specific profile criteria enforced at the application server.
Observation 3: The UE must be in connected mode for ProSe Discovery Activation.
Observation 4: Category A restricted discovery does not require an application ID (public announcing code).
Observation 5: Open discovery and Category B restricted discovery require both the public announcing code (application ID) and the private announcing code (mapped to ProSe UE ID).
Proposal 1: The operator’s network tracks which user devices are authorized for ProSe discovery, and allocates a ProSe UE ID to each of these devices.
Proposal 2: The operator’s network stores a list of applications for each user’s ProSe registered UEs, the configuration of an application for open or restricted discovery, and a list of other users authorized to discover the UE when appropriate

Proposal 3: The ProSe Function configures announcing cods to the UE only as needed, by initiating the ProSe announcing configuration procedure.

Proposal 4: A single private announcing code should be configured to a UE. Multiple public announcing codes can be configured to a UE.

Proposal 5: The ProSe Function will configure a monitoring UE with announcing code lists for ProSe Discovery: the public announcing code list and the private announcing code list.

Proposal 6: The ProSe monitoring configuration procedure shall allow for incremental updates of the UE’s monitoring lists.
Proposal 7: For connected mode UEs, Type 2 discovery resource allocation can be signaled by enhancing the mobilityControlInfo IE.
Proposal 8: A new ProSe Location Update Procedure is defined to enable efficient update of ProSe UE location with Type 2 discovery resource allocation.
Proposal 9: Capture the detailed of the procedures introduced to TR 36.843.
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� Here we use non-AS messaging as a generic term to indicate any messaging at an interface above the AS. This may include NAS signaling, messaging on other 3GPP defined ProSe interfaces (e.g. PC4, PC6) as well as 3GPP defined APIs (e.g. PC3 and PC2) or application level APIs that are beyond the scope of 3GPP (e.g. PC1).


� For simplicity we describe ProSe discovery in the non-roaming scenario, and its impact to RRC. It is not expected that ProSe discovery in the roaming scenario will impact the RAN.
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