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Abstract of the contribution: This P-CR proposes a solution for EPC-level ProSe Discovery. This P-CR introduces a general functional description for the proposed solution and the depicted procedures focus on EPC-level ProSe Discovery within the same PLMN.
1. Discussion
This contribution focuses on the scenarios where Discoverer UE (i.e., the UE that requests ProSe Discovery to discover other UE) and Discoveree UE (the target UE of ProSe Discovery) are registered to the same PLMN and discoverer wants to know directly the proximity of discoveree.

The procedures related to EPC-level ProSe Discovery for the scenarios where discoverer requests that it be alerted when it enters proximity with discoveree in certain time period is introduced in another P-CR (S2-131802). The procedure related to EPC-level ProSe Discovery for the scenario where discoverer and discoveree are registered to the different PLMNs is introduced in another P-CR (S2-131803).

As a new entity for EPC-level ProSe Discovery, a ProSe Server is introduced in the proposed solution. The ProSe Server resides in the EPC and has the following functions:
- interacting with the UE to support EPC-level ProSe Discovery feature;

- interacting with HSS to get UE’s location information;

- determining whether Discoverer UE and Discoveree UE are in proximity;

- communicating with home ProSe Server of inbound roamer to request location information of the inbound roamer’s UE;

- communicating with ProSe Server peers in other PLMNs to support EPC-level ProSe Discovery for the scenarios where Discoverer UE and Discoveree UE are registered to the different PLMNs.

In order to provide the proximity of discoveree promptly to the discoverer that requests immediate ProSe Discovery to the ProSe Server, the ProSe Server is required to obtain the current location information for discoverer and discoveree. In order to deal with immediate ProSe Discovery requests from the discoverer, the existing messages can be used to get location information for discoverer and discoveree as below:
(1) HSS ↔ MME (S6a)
When the HSS receives a request from ProSe Server to provide UE’s location information promptly, the HSS sends an Insert Subscriber Data Request message to the MME in order to get UE’s most current location information by setting “EPS Location Information Request” bit and “Current Location Request” bit which compose IDR-Flags.
Table 7.3.103/1: IDR-Flags [captured from TS 29.272]
	bit
	name
	Description

	0
	UE Reachability Request
	This bit when set shall indicate to the MME or the SGSN that the HSS is awaiting a Notification of UE Reachability.

	1
	T-ADS Data Request
	This bit, when set, shall indicate to the MME or SGSN that the HSS requests the support status of "IMS Voice over PS Sessions", and the RAT Type and timestamp of the last radio contact with the UE.

	2
	EPS User State Request
	This bit, when set, shall indicate to the MME or the SGSN that the HSS requests the MME or the SGSN for the current user state.

	3
	EPS Location Information Request
	This bit, when set, shall indicate to the MME or the SGSN that the HSS requests the MME or SGSN for location information

	4
	Current Location Request
	This bit when set shall indicate to the MME or the SGSN that the HSS requests the MME or SGSN to provide the most current location information by paging the UE if the UE is in idle mode. This bit is used only in combination with the"EPS Location Information Request" bit.

	5
	Local Time Zone Request
	This bit when set shall indicate to the MME or the SGSN that the HSS requests the MME or SGSN to provide information on the time zone of the location in the visited network where the UE is attached.

	6
	Remove SMS Registration
	This bit when set shall indicate to the MME that it shall consider itself unregistered for SMS.

	NOTE: 
Bits not defined in this table shall be cleared by the sending HSS and discarded by the receiving MME.


The MME responds with an Insert Subscriber Data Answer message to the HSS to provide UE’s most current location information by using “EPS-Location-Information” information element.
(2) MME ↔ eNodeB (S1-MME)
Upon reception of the Insert Subscriber Data Request message from the HSS mentioned above in (1), the MME pages the UE if the UE is in idle mode. On the other hand, if the UE is in connected mode, the MME sends to the eNodeB a Location Reporting Control message which indicates to the eNodeB to report UE’s location information directly (i.e., Event of Request Type IE is set to “Direct”). The behaviour of MME regarding the received Insert Subscriber Data Request message wherein “EPS Location Information Request” bit and “Current Location Request” bit are set has been specified in clause 5.2.2.1.2 “Detailed behaviour of the MME and the SGSN” of TS 29.272.
When the eNodeB receives the Location Reporting Control message from the MME, the eNodeB responds with a Location Report message to the MME to provide UE’s location information.
However, it is a stage 3 decision which messages are used on S6a and S1-MME interfaces.
2. Proposal

It is proposed to include the following solution for EPC-level ProSe Discovery in TR 23.703.
* * * * Start of 1st Change * * * *
6.Y
Solution Y: EPC-level ProSe Discovery
6.Y.1
Functional description

6.Y.1.1
General

As a new entity for EPC-level ProSe Discovery, a ProSe Server is introduced in this solution. The ProSe Server resides in the EPC and has the following functions:

-
interacting with the UE to support EPC-level ProSe Discovery feature;

-
interacting with HSS to get UE’s location information;

- 
determining whether Discoverer UE (shortly discoverer) and Discoveree UE (shortly discoveree) are in proximity;

-
communicating with home ProSe Server of inbound roamer to request location information of the inbound roamer’s UE;

-
communicating with ProSe Server peers in other PLMNs to support EPC-level ProSe Discovery for the scenarios where Discoverer UE and Discoveree UE are registered to the different PLMNs.
The Discoverer UE registers with a ProSe Server which resides in the registered PLMN before requesting ProSe Discovery to the ProSe Server. Therefore, if the discoverer is non-roaming, it registers with a home ProSe Server while if the discoverer is roaming, it registers with a visited ProSe Server.
6.Y.1.2
Description regarding requests for immediate ProSe Discovery
In order to know the proximity of discoveree promptly, discoverer requests ProSe Discovery to the ProSe Server with information indicating to the ProSe Server that it wants to know the proximity of discoveree promptly. In order to provide the proximity of discoveree promptly to the discoverer that requests immediate ProSe Discovery to the ProSe Server, the ProSe Server is required to obtain the current location information for discoverer and discoveree. In order to deal with immediate ProSe Discovery requests from the discoverer, the existing messages can be used to get location information for discoverer and discoveree as below:

(1) HSS ↔ MME (S6a)

When the HSS receives a request from ProSe Server to provide UE’s location information promptly, the HSS sends an Insert Subscriber Data Request message to the MME in order to get UE’s most current location information by setting “EPS Location Information Request” bit and “Current Location Request” bit which compose IDR-Flags.
The MME responds with an Insert Subscriber Data Answer message to the HSS to provide UE’s most current location information by using “EPS-Location-Information” information element.

(2) MME ↔ eNodeB (S1-MME)

Upon reception of the Insert Subscriber Data Request message from the HSS mentioned above in (1), the MME pages the UE if the UE is in idle mode. On the other hand, if the UE is in connected mode, the MME sends to the eNodeB a Location Reporting Control message which indicates to the eNodeB to report UE’s location information directly (i.e., Event of Request Type IE is set to “Direct”). The behaviour of MME regarding the received Insert Subscriber Data Request message wherein “EPS Location Information Request” bit and “Current Location Request” bit are set has been specified in clause 5.2.2.1.2 of TS 29.272 [z].

When the eNodeB receives the Location Reporting Control message from the MME, the eNodeB responds with a Location Report message to the MME to provide UE’s location information.
NOTE:
It is a stage 3 decision which messages are used on S6a and S1-MME interfaces.
6.Y.2
Procedures
6.Y.2.1
EPC-level ProSe discovery within the same PLMN (both discoverer and discoveree are non-roaming)
In order to know if other UE (i.e., UE-B) is discoverable currently, UE-A requests ProSe Discovery to the network as illustrated in Figure 6.Y.2.1-1. In this procedure, both UE-A (discoverer) and UE-B (discoveree) are registered to the same PLMN and are non-roaming.
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Figure 6.Y.2.1-1: EPC-level ProSe discovery within the same PLMN (both discoverer and discoveree are non-roaming)
UE-A and UE-B have registered with the ProSe Server.
1.
UE-A sends a ProSe Discovery Request message to the ProSe Server in order to get information about proximity with UE-B, that is, whether UE-B is discoverable or not. UE-A includes information indicating to the ProSe Server to provide the proximity of UE-B immediately to UE-A in the ProSe Discovery Request message.
NOTE:
It can be considered that UE-A and UE-B actually mean an application on ProSe-enabled UE-A and an application on ProSe-enabled UE-B, respectively.
2.
The ProSe Server authorizes the ProSe Discovery request from UE-A and checks that UE-A/user-A is permitted to discover UE-B/user-B. If UE-A/user-A is not permitted to discover UE-B/user-B, step 11 is performed.
Steps 3a to 8a are for obtaining UE-A’s location information:
3a.
The ProSe Server sends a Location Request message to the HSS in order to request UE-A’s current location information.
4a.
The HSS sends an Insert Subscriber Data Request message to the MME which serves UE-A. The HSS sets "EPS Location Information Request" bit and “Current Location Request” bit in the Insert Subscriber Data Request message to ask the MME to provide the most current location information for UE-A.
5a.
It is assumed that UE-A is in connected mode. The MME sends a Location Reporting Control message to the eNodeB in order to get UE-A’s most up-to-date cell information. The Request Type IE included in the Location Reporting Control message indicates to the eNodeB to report UE-A’s location information directly.
6a.
The eNodeB returns UE-A’s most up-to-date cell information by sending a Location Report message to the MME.

7a.
The MME sends an Insert Subscriber Data Answer message containing the most current location information for UE-A to the HSS.

8a.
The HSS sends a Location Response message containing the most current location information for UE-A to the ProSe Server.
Steps 3b to 9b are for obtaining UE-B’s location information:
3b.
The ProSe Server sends a Location Request message to the HSS in order to request UE-B’s current location information.
4b.
The HSS sends an Insert Subscriber Data Request message to the MME which serves UE-B. The HSS sets "EPS Location Information Request" bit and “Current Location Request” bit in the Insert Subscriber Data Request message to ask the MME to provide the most current location information for UE-B.
5b.
It is assumed that UE-B is in idle mode. The MME sends a Paging message to each eNodeB belonging to the tracking area(s) in which UE-B is registered.
6b.
UE-B is paged by the eNodeBs.

7b.
Upon reception of the Paging message, UE-B initiates Service Request procedure.
8b.
The MME obtained UE-B’s cell information in step 7b and sends an Insert Subscriber Data Answer message containing the most current location information for UE-B to the HSS.

9b.
The HSS sends a Location Response message containing the most current location information for UE-B to the ProSe Server.
10.
Upon reception of both the Location Response message in step 8a and the Location Response message in step 9b, the ProSe Server determines that UE-A and UE-B are in proximity based on the location information for UE-A and UE-B and proximity criteria.
11.
The ProSe Server sends a ProSe Discovery Response message to UE-A with information indicating whether UE-A and UE-B are in proximity or not. If UE-A/user-A is not permitted to discover UE-B/user-B, the ProSe Discovery Response message indicates that the ProSe Discovery request from UE-A is rejected.
12. If UE-A and UE-B are in proximity, the ProSe Server may send a ProSe Discovery Alert message to UE-B to inform that UE-A wants to discover UE-B.
UE-A and UE-B may attempt to discover each other.
The steps for obtaining UE-A’s location information (i.e., steps 3a - 8a) may take place in parallel with the steps for obtaining UE-B’s location information (i.e., steps 3b - 9b).
If UE-A is in idle mode, operations for obtaining location information of UE in idle mode as described in steps 5b – 7b are performed instead of steps 5a – 6a. If UE-B is in connected mode, operations for obtaining location information of UE in connected mode as described in steps 5a – 6a are performed instead of steps 5b – 7b.
Figure 6.Y.2.1-1 shows that UE-A and UE-B are served by the same eNodeB and the same MME for the purpose of pictorial simplification. Therefore, the procedure depicted in Figure 6.Y.2.1-1 also applies to the scenarios where UE-A and UE-B are served by the different eNodeBs and the same MME, the scenarios where UE-A and UE-B are served by the same eNodeB and the different MMEs, and the scenarios where UE-A and UE-B are served by the different eNodeBs and the different MMEs.
6.Y.2.2
EPC-level ProSe discovery within the same PLMN (discoverer is roaming and discoveree is non-roaming)
In order to know if other UE (i.e., UE-B) is discoverable currently, UE-A requests ProSe Discovery to the network as illustrated in Figure 6.Y.2.2-1. In this procedure, UE-A (discoverer) and UE-B (discoveree) are registered to the same PLMN, i.e., PLMN-B while UE-A is roaming from its HPLMN, i.e., PLMN-A. In Figure 6.Y.2.2-1, HSS-A and ProSe Server-A belong to PLMN-A while eNodeB, MME, HSS-B and ProSe Server-B belong to PLMN-B.
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Figure 6.Y.2.2-1: EPC-level ProSe discovery within the same PLMN (discoverer is roaming and discoveree is non-roaming)

UE-A and UE-B have registered with ProSe Server-B.
1.
UE-A sends a ProSe Discovery Request message to ProSe Server-B that is a visited ProSe Server to UE-A in order to get information about proximity with UE-B, that is, whether UE-B is discoverable or not. UE-A includes information indicating to ProSe Server-B to provide the proximity of UE-B immediately to UE-A in the ProSe Discovery Request message.
NOTE:
It can be considered that UE-A and UE-B actually mean an application on ProSe-enabled UE-A and an application on ProSe-enabled UE-B, respectively.
2.
ProSe Server-B authorizes the ProSe Discovery request from UE-A and checks that UE-A/user-A is permitted to discover UE-B/user-B. If UE-A/user-A is not permitted to discover UE-B/user-B, step 14 is performed.

Steps 3a to 12a are for obtaining UE-A’s location information:

3a.
ProSe Server-B sends a ProSe Location Request message to ProSe Server-A that is a home ProSe Server to UE-A in order to request UE-A’s current location information. ProSe Server-B includes information indicating to ProSe Server-A to provide UE-A’s location information immediately to ProSe Server-B in the ProSe Location Request message.
4a.
ProSe Server-A responds with a ProSe Location Request Ack message to ProSe Server-B.
5a.
ProSe Server-A sends a Location Request message to HSS-A in order to request UE-A’s current location information.

6a.
HSS-A sends an Insert Subscriber Data Request message to the MME which serves UE-A. HSS-A sets "EPS Location Information Request" bit and “Current Location Request” bit in the Insert Subscriber Data Request message to ask the MME to provide the most current location information for UE-A.

7a.
It is assumed that UE-A is in connected mode. The MME sends a Location Reporting Control message to the eNodeB in order to get UE-A’s most up-to-date cell information. The Request Type IE included in the Location Reporting Control message indicates to the eNodeB to report UE-A’s location information directly.
8a.
The eNodeB returns UE-A’s most up-to-date cell information by sending a Location Report message to the MME.

9a.
The MME sends an Insert Subscriber Data Answer message containing the most current location information for UE-A to HSS-A.

10a.
HSS-A sends a Location Response message containing the most current location information for UE-A to ProSe Server-A.

11a.
ProSe Server-A sends a ProSe Location Notification message to ProSe Server-B to provide UE-A’s current location information.
12a.
ProSe Server-B returns a ProSe Location Notification Ack message to ProSe Server-A.
Steps 3b to 9b are for obtaining UE-B’s location information:

3b.
ProSe Server-B sends a Location Request message to HSS-B in order to request UE-B’s current location information.

4b.
HSS-B sends an Insert Subscriber Data Request message to the MME which serves UE-B. HSS-B sets "EPS Location Information Request" bit and “Current Location Request” bit in the Insert Subscriber Data Request message to ask the MME to provide the most current location information for UE-B.

5b.
It is assumed that UE-B is in idle mode. The MME sends a Paging message to each eNodeB belonging to the tracking area(s) in which UE-B is registered.
6b.
UE-B is paged by the eNodeBs.

7b.
Upon reception of the Paging message, UE-B initiates Service Request procedure.

8b.
The MME obtained UE-B’s cell information in step 7b and sends an Insert Subscriber Data Answer message containing the most current location information for UE-B to HSS-B.

9b.
HSS-B sends a Location Response message containing the most current location information for UE-B to ProSe Server-B.

13.
Upon reception of both the ProSe Location Notification message in step 11a and the Location Response message in step 9b, ProSe Server-B determines that UE-A and UE-B are in proximity based on the location information for UE-A and UE-B and proximity criteria.
14.
ProSe Server-B sends a ProSe Discovery Response message to UE-A with information indicating whether UE-A and UE-B are in proximity or not. If UE-A/user-A is not permitted to discover UE-B/user-B, the ProSe Discovery Response message indicates that the ProSe Discovery request from UE-A is rejected.
15. If UE-A and UE-B are in proximity, ProSe Server-B may send a ProSe Discovery Alert message to UE-B to inform that UE-A wants to discover UE-B.
UE-A and UE-B may attempt to discover each other.

The steps for obtaining UE-A’s location information (i.e., steps 3a - 12a) may take place in parallel with the steps for obtaining UE-B’s location information (i.e., steps 3b - 9b).
If UE-A is in idle mode, operations for obtaining location information of UE in idle mode as described in steps 5b – 7b are performed instead of steps 7a – 8a. If UE-B is in connected mode, operations for obtaining location information of UE in connected mode as described in steps 7a – 8a are performed instead of steps 5b – 7b.
Figure 6.Y.2.2-1 shows that UE-A and UE-B are served by the same eNodeB and the same MME for the purpose of pictorial simplification. Therefore, the procedure depicted in Figure 6.Y.2.2-1 also applies to the scenarios where UE-A and UE-B are served by the different eNodeBs and the same MME, the scenarios where UE-A and UE-B are served by the same eNodeB and the different MMEs, and the scenarios where UE-A and UE-B are served by the different eNodeBs and the different MMEs.
6.Y.2.3
EPC-level ProSe discovery within the same PLMN (discoverer is non-roaming and discoveree is roaming)
In order to know if other UE (i.e., UE-A) is discoverable currently, UE-B requests ProSe Discovery to the network as illustrated in Figure 6.Y.2.3-1. In this procedure, UE-B (discoverer) and UE-A (discoveree) are registered to the same PLMN, i.e., PLMN-B while UE-A is roaming from its HPLMN, i.e., PLMN-A. In Figure 6.Y.2.3-1, HSS-A and ProSe Server-A belong to PLMN-A while eNodeB, MME, HSS-B and ProSe Server-B belong to PLMN-B.
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Figure 6.Y.2.3-1: EPC-level ProSe discovery within the same PLMN (discoverer is non-roaming and discoveree is roaming)

UE-A and UE-B have registered with ProSe Server-B.
1.
UE-B sends a ProSe Discovery Request message to ProSe Server-B that is a home ProSe Server to UE-B in order to get information about proximity with UE-A, that is, whether UE-A is discoverable or not. UE-B includes information indicating to ProSe Server-B to provide the proximity of UE-A immediately to UE-B in the ProSe Discovery Request message.
NOTE:
It can be considered that UE-A and UE-B actually mean an application on ProSe-enabled UE-A and an application on ProSe-enabled UE-B, respectively.
2.
ProSe Server-B authorizes the ProSe Discovery request from UE-B and sends a ProSe Location Request message to ProSe Server-A that is a home ProSe Server to UE-A in order to request UE-A’s current location information. ProSe Server-B includes information indicating to ProSe Server-A to provide UE-A’s location information immediately to ProSe Server-B in the ProSe Location Request message. ProSe Server-B includes information regarding that UE-B wants to discover UE-A in the ProSe Location Request message.
3.
ProSe Server-A checks that UE-B/user-B is permitted to discover UE-A/user-A.
4.
ProSe Server-A returns a ProSe Location Request Ack message to ProSe Server-B with information indicating whether UE-B/user-B is permitted to discover UE-A/user-A or not. If UE-B/user-B is not permitted to discover UE-A/user-A, step 15 is performed.

Steps 5a to 13a are for obtaining UE-A’s location information:

5a.
ProSe Server-A sends a Location Request message to HSS-A in order to request UE-A’s current location information.

6a.
HSS-A sends an Insert Subscriber Data Request message to the MME which serves UE-A. HSS-A sets "EPS Location Information Request" bit and “Current Location Request” bit in the Insert Subscriber Data Request message to ask the MME to provide the most current location information for UE-A.

7a.
It is assumed that UE-A is in idle mode. The MME sends a Paging message to each eNodeB belonging to the tracking area(s) in which UE-A is registered.
8a.
UE-A is paged by the eNodeBs.

9a.
Upon reception of the Paging message, UE-A initiates Service Request procedure.

10a.
The MME obtained UE-A’s cell information in step 9a and sends an Insert Subscriber Data Answer message containing the most current location information for UE-A to HSS-A.

11a.
HSS-A sends a Location Response message containing the most current location information for UE-A to ProSe Server-A.
12a.
ProSe Server-A sends a ProSe Location Notification message to ProSe Server-B to provide UE-A’s current location information.

13a.
ProSe Server-B returns a ProSe Location Notification Ack message to ProSe Server-A.

Steps 5b to 10b are for obtaining UE-B’s location information:

5b.
ProSe Server-B sends a Location Request message to HSS-B in order to request UE-B’s current location information.

6b.
It is assumed that UE-B is in connected mode. HSS-B sends an Insert Subscriber Data Request message to the MME which serves UE-B. HSS-B sets "EPS Location Information Request" bit and “Current Location Request” bit in the Insert Subscriber Data Request message to ask the MME to provide the most current location information for UE-B.

7b.
The MME sends a Location Reporting Control message to eNodeB in order to get UE-B’s most up-to-date cell information. The Request Type IE included in the Location Reporting Control message indicates to the eNodeB to report UE-B’s location information directly.
8b.
The eNodeB returns UE-B’s most up-to-date cell information by sending a Location Report message to the MME.

9b.
The MME sends an Insert Subscriber Data Answer message containing the most current location information for UE-B to HSS-B.

10b.
HSS-B sends a Location Response message containing the most current location information for UE-B to ProSe Server-B.

14.
Upon reception of both the ProSe Location Notification message in step 12a and the Location Response message in step 10b, ProSe Server-B determines that UE-A and UE-B are in proximity based on the location information for UE-A and UE-B and proximity criteria.
15.
ProSe Server-B sends a ProSe Discovery Response message to UE-B with information indicating whether UE-A and UE-B are in proximity or not. If UE-B/user-B is not permitted to discover UE-A/user-A, the ProSe Discovery Response message indicates that the ProSe Discovery request from UE-B is rejected.

16. If UE-A and UE-B are in proximity, ProSe Server-B may send a ProSe Discovery Alert message to UE-A to inform that UE-B wants to discover UE-A.
UE-A and UE-B may attempt to discover each other.

The steps for obtaining UE-A’s location information (i.e., steps 5a - 13a) may take place in parallel with the steps for obtaining UE-B’s location information (i.e., steps 5b - 10b).
If UE-A is in connected mode, operations for obtaining location information of UE in connected mode as described in steps 7b – 8b are performed instead of steps 7a – 9a. If UE-B is in idle mode, operations for obtaining location information of UE in idle mode as described in steps 7a – 9a are performed instead of steps 7b – 8b.
Figure 6.Y.2.3-1 shows that UE-A and UE-B are served by the same eNodeB and the same MME for the purpose of pictorial simplification. Therefore, the procedure depicted in Figure 6.Y.2.3-1 also applies to the scenarios where UE-A and UE-B are served by the different eNodeBs and the same MME, the scenarios where UE-A and UE-B are served by the same eNodeB and the different MMEs, and the scenarios where UE-A and UE-B are served by the different eNodeBs and the different MMEs.
6.Y.3
Impact on existing entities and interfaces
Editor's Note: Impacts on existing nodes or functionality will be added.
6.Y.4
Solution evaluation

Editor’s Note: The fulfilment of requirements in section 4.2 needs will be evaluated.
* * * * End of Changes * * * *
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