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Abstract of the contribution: This contribution proposes an alternative way of proximity detection based on proximity areas. 
Discussion:
In many cases, the location of one of the devices is known in advance e.g. the device belongs to a shop, or the location is known where the devices would meet first time, e.g. the place of an accident, soccer stadium, city centre, at home, work place etc. Having this in mind, it is not necessary to query all the time the location of both devices and compare it permanently until the proximity can be detected. On the other hand, if the D2D radio is turned on all the time also where the probability is high that there is no success in proximity detection, then this results in unnecessary battery drain for announcing itself and listening for devices in proximity with the hope the desired one is among the ones that announce themselves. 
It is proposed here to introduce Proximity Areas, where the probability is high that two devices can meet each other. The Proximity Area(s) should be defined per UE and according to the subscribed proximity service, e.g. the buddy list of a chat service, group membership, shopping service etc. 
Such a Proximity Area as an example is depicted in the following Figure:
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Figure 1: Proximity Area for UE A and UE B
Once a UE detects that it enters a Proximity Area, where the probability is high to meet a specific UE of the service it is subscribed to, then it turns on its D2D discovery and announces itself as well as it is listening to the announcements of other UEs. When the UE leaves a Proximity Area it turns off its D2D discovery to save battery power. This is shown in the following figure:
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Figure 2: D2D Proximity Discovery inside a Proximity Area
The following scenario of D2D Proximity Discovery within E-UTRAN coverage, where the target location (emergency call scenario where police, ambulance, fire brigade move to the emergency location or shop scenario) is known, is examined further.
D2D Proximity Discovery within E-UTRAN coverage, target location is known
In this scenario one UE is located at a fixed location, which is known, e.g. a shop or the UEs are moving towards the same known location, where they meet the first time. This location is provided to the UEs in advance so that they can turn on their D2D radio at the right time to discover each other once they are both in the given proximity area.
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Figure 3: D2D Proximity Discovery within E-UTRAN coverage, target location is known
1. UE A and UE B subscribe to the proximity service after registration to IMS as described in clause 6.1.5.2.1. In case one of the devices is a low mobility device e.g. a shop, then this is indicated during the registration or subscription and stored in the ProSe AS. 
2. The ProSe AS determines the location of UE A and UE B and creates one or more Proximity Areas according to the location and characteristics of the UEs of the subscribed services and of the UE A and UE B themselves. 
In case UE A subscribed to a service offered by the low mobility UE B, the location of the UE B would be the proximity area of the UE B, provided to UE A in the subsequent steps.

In case UE A and UE B are high mobility UEs moving to the same location, then the geographic location, which the ProSe AS received e.g. from the PSAP or the dispatcher would be the proximity area provided to  both UEs in the subsequent steps.
3. The ProSe AS provides the Proximity Configuration including the Proximity Area to the UE A

4. The UE A acknowledges the notification.
5. The ProSe AS provides the Proximity Configuration including the Proximity Area to the UE B. In case UE B is a low mobility device in a shop offering a service, it may not need the Proximity Areas of other devices of the same service, because it will never move there. It is assumed that such a device performs D2D direct discovery all the time, since battery power saving is not an issue here. In this case this step and step 6 may not be executed.
6. The UE B acknowledges the notification, the step 3 and step 5 as well step 4 and step 6 can be in parallel.

10. The UE A and here potentially UE B are moving around and compare whether their current location matches to any of the received Proximity Areas. The Proximity Area may be described also similar to the “fingerprint” mechanism for H(e)NBs for more accurate location detection within a cell. If they detect that they are within a Proximity Area, they turns on their D2D radio for direct device discovery. 
11. Once the UE A is close enough for the D2D radio to detect UE B, D2D direct discovery and connection setup take place.

Start of 1st Change

3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

ProSe Direct Communication: A communication between two or more UEs in proximity that are ProSe-enabled, by means of user plane transmission using E-UTRA technology via a path not traversing any network node. 

ProSe-enabled UE: A UE that supports ProSe requirements and associated procedures. Unless explicitly stated otherwise, a Prose-enabled UE refers both to a non-public safety UE and a public safety UE. 

ProSe-enabled Public Safety UE: A ProSe-enabled UE that also supports ProSe procedures and capabilities specific to Public Safety.

ProSe-enabled non-public safety UE: A UE that supports ProSe procedures and but not capabilities specific to public safety.
ProSe Direct Discovery: A procedure employed by a ProSe-enabled UE to discover other ProSe-enabled UEs in its vicinity by using only the capabilities of the two UEs with rel.12 E-UTRA technology. 

EPC-level ProSe Discovery: a process by which the EPC determines the proximity of two ProSe-enabled UEs and informs them of their proximity. 

Editor's Note: Alignment of the definitions with TS 22.278 [3] needs to be done. 

Proximity Area: a geographic area, e.g. comprising of one or a list of cell IDs or other location information, where the probability is high that a specific ProSe UE with a specific service is currently available for other ProSe UEs subscribed to the same service.
End of 1st Change
Start of 2nd Change

6.1.5
Solution D5: IMS based ProSe architecture

6.1.5.1
Functional description

6.1.5.1.1
General

The proximity service communication has the two main requirements on ProSe Discovery and ProSe Communication over E-UTRA as well as over Wi-Fi. These requirements result in functionalities such as monitoring the location of the UE, comparing the location of the UE with the one it wants to discover and alerting the UEs when they are in proximity of each other so that they can setup a D2D communication. The UE itself needs to subscribe to an alerting (or reporting) service for the location of particular UEs. Also in order to establish a D2D communication, some configuration parameters need to be exchanged before, so that there is no explicit user interaction needed. Additionally the ProSe discovery shall be also working in the case when the UEs are roaming in another network; this means that the location reporting has to be transferred between networks, in order to determine the proximity of the UEs. The UEs participating the D2D communication may also belong to different operators.

Therefore the following functionalities have to be supported:

-
Location reporting;

-
Location comparison;

-
Roaming support;

-
Device parameter repository;

-
Secure device to device parameter exchange;

-
Subscription / notification methods for the discovery of a specific UE;

-
Access agnostic to support LTE and Wi-Fi.

6.1.5.1.1
IMS based ProSe Architecture

The following figure shows how ProSe can be realized in IMS with the help of an application server:
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Figure 6.1.5.1.1-1: IMS ProSe Architecture

The ProSe AS is the central functional entity for provisioning the service and it has the following functionality:

-
Repository of device configuration of the ProSe UEs, e.g. Wi-Fi Direct configuration or specific LTE D2D parameters;

-
Acts as LCS Client, i.e. monitors the location of the ProSe UE;

-
If the UEs are subscribed/configured for ProSe service at AS,  the UEs get notifications for being in the proximity of other configured UEs;

-
Determines the location of ProSe configured UEs that are subscribed to be notified once being in proximity of each other.

6.1.5.2
Procedures

6.1.5.2.1
Registration
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Figure 6.1.5.2.1-1: IMS ProSe Architecture

1. The UE performs normal IMS registration.

2. The UE subscribes to the proximity service with the ProSe AS.

3. The ProSe AS responds with an acknowledgement, the SIP OK message.

Editor’s Note It is FFS whether an existing event package or new event package needs to be defined.

6.1.5.2.2
Network initiated Discovery (within network coverage)

In this scenario a UE A explicitly indicates if it should be alerted by the network when a specific UE B is in the proximity of UE A. 
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Figure 6.1.5.2.2-1: Network based proximity discovery
1.
UE A sends a proximity request to ProSe AS A  to be alerted when UE A and UE B are in the proximity of  each other. 

2.
The ProSe AS A requests location reporting of UE A from GMLC A. 

3.
The ProSe AS A requests location reporting of UE B from ProSe AS B. The request is routed to the terminating network via normal SIP routing. The ProSe AS A may include already the D2D configuration of the UE A.

4.
The ProSe AS B requests location reporting of UE B from GMLC B. 

5.
The ProSe AS B sends an acknowledgement back to the ProSe AS A (200 OK). The ProSe AS B may include already the D2D configuration of the UE B. 

6.
Once the ProSe AS A received the ACK, it sends also an acknowledgement of the request to the UE A. From now on the locations of UE A and UE B are monitored and compared, as described in the next steps.

7.
GMLC A periodically checks the location of UE A and GMLC B is periodically checking the location of UE B.

8.
Each time the GMLC B receives the new location of the UE B, it reports the location to the ProSe AS B.

9.
When the ProSe AS B receives location information from the GMLC B, it forwards the location information to the ProSe AS A. 

10.
The ProSe AS A sends an acknowledgement back to the ProSe AS B (200 OK).

11.
 The ProSe AS A compares the received location information from UE A with the one of UE B. The steps 8, 9, 10, 11 and 12 are repeated until proximity is detected. 

12.
The ProSe AS A detects that the two UEs are within the configured alerting range of proximity.

13.
The ProSe AS A sends a proximity alert message to the ProSe AS B. 

14.
The ProSe AS A sends a proximity alert message to the UE A. The UE A acknowledges the message with a SIP 200 OK.

15.
The ProSe AS B sends a proximity alert message to the UE B. The UE B acknowledges the message with a SIP 200 OK.

16.
The ProSe AS B is sending an acknowledgement back to the ProSe AS A.

17.
UE A and UE B can connect directly once they are in coverage of each other.

6.1.5.2.3
UE initiated Discovery (within network coverage)

In this scenario, the UEs detect the proximity by themselves with their D2D radio technology.
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Figure 6.1.5.2.3-1: UE based proximity discovery with network support

1.
UE A detects UE B or vice versa or both detect themselves at the same time. In the following it is assumed for simplicity that UE A detects UE B first.

2.
UE A sends a proximity alert message with the identity of the UE B  to the ProSe AS A. In case UE B would detect UE A too, it would send a similar message to its ProSe AS B with the identity of UE A. 

3.
The ProSe AS A detects the proximity of the two UEs and prepares an alert message for ProSe AS B.

4.
The ProSe AS A sends a proximity alert message that UE A and UE B are within coverage of their D2D radio technology to the ProSe AS B. The ProSe AS A may include already the D2D configuration of the UE A. 

5.
If the UE B has not already alerted the ProSe AS B, it now detects the proximity of the two UEs. 

6.
The ProSe AS B sends an acknowledgement (200 OK) back to the ProSe AS A. The ProSe AS B may include already the D2D configuration of the UE B.

7.
The ProSe AS B sends a proximity alert message with the D2D configuration of the UE A.

8.
ProSe AS A sends an acknowledgment with the D2D configuration of the UE B

9.
UE A and UE B can now connect to each other.
6.1.5.2.x
D2D Proximity Discovery within E-UTRAN coverage, target location is known
In this scenario one UE is located at a fixed and known location, e.g. a shop or the UEs are moving towards the same known location, where they meet the first time. This location is provided to the UEs in advance so that they can turn on their D2D radio at the right time to discover each other once they are both in the given proximity area.
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Figure 6.1.5.2.x-1: D2D Proximity Discovery within E-UTRAN coverage, target location is known

1. UE A and UE B subscribe to the proximity service after registration to IMS as described in clause 6.1.5.2.1. In case one of the devices is a low mobility device e.g. a shop, then this is indicated during the registration or subscription and stored in the ProSe AS. 

2. The ProSe AS determines the location of UE A and UE B and creates one or more Proximity Areas according to the location and characteristics of the UEs of the subscribed services and of the UE A and UE B themselves. 

In case UE A subscribed to a service offered by the low mobility UE B, the location of the UE B would be the proximity area of the UE B, provided to UE A in the subsequent steps.

In case UE A and UE B are high mobility UEs moving to the same location, then the geographic location, which the ProSe AS received e.g. from the PSAP or the dispatcher would be the proximity area provided to  both UEs in the subsequent steps.

3. The ProSe AS provides the Proximity Configuration including the Proximity Area to the UE A

4. The UE A acknowledges the notification.

5. The ProSe AS provides the Proximity Configuration including the Proximity Area to the UE B. In case UE B is a low mobility device in a shop offering a service, it may not need the Proximity Areas of other devices of the same service, because it will never move there. It is assumed that such a device performs D2D direct discovery all the time, since battery power saving is not an issue here. In this case this step and step 6 may not be executed.

6. The UE B acknowledges the notification, the step 3 and step 5 as well step 4 and step 6 can be in parallel.

10. The UE A and here potentially UE B are moving around and compare whether their current location matches to any of the received Proximity Areas. The Proximity Area may be described also similar to the “fingerprint” mechanism for H(e)NBs for more accurate location detection within a cell. If they detect that they are within a Proximity Area, they turns on their D2D radio for direct device discovery. 

11. Once the UE A is close enough for the D2D radio to detect UE B, D2D direct discovery and connection setup take place.

6.1.5.2.4
Network supported D2D Communication (within network coverage)

When the network supports the D2D communication setup, then the SIP signalling is routed via the network but the media is transmitted via D2D directly between the two UEs.
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Figure 6.1.5.2.4-1: Simplified session setup with network support

1.
UE A sends the INVITE to UE B via the IMS, indicating the D2D interface for the media.

2.
UE B acknowledges the request with a 200 OK. 

3.
Media communication is setup directly between the UE A and B via D2D interface.

6.1.5.2.5
Direct D2D Communication (out of network coverage)

There may be situations where the network cannot support the session setup due to low or no radio coverage of the macro cell. This requires that the UEs are already preconfigured and are able to setup a D2D connection without previous exchange of configuration parameters as described in clause 6.1.5.2.2 and 6.1.5.2.3. Basic security like encryption parameters have to be preconfigured too. 
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Figure 6.1.5.2.5-1: Direct session setup without network support

1.
UE A detects UE B via the D2D interface, since the devices are preconfigured, they can directly exchange messages.
2.
UE A sends the INVITE to UE B via the D2D interface.
3.
Since there is no IMS involved, the UE B authorizes the request from UE A and acknowledges it with a 200 OK. 

4.
Media communication is setup directly between the UE A and B via D2D interface.
6.1.5.3
Impact on existing entities and interfaces
Editor's Note: Impacts on existing nodes or functionality will be added.
6.1.5.4
Solution evaluation

Editor’s Note: The fulfilment of requirements in section 4.2 needs will be evaluated. 
IMS provides authentication, secure transmission, service control and roaming support and is access agnostic. Additionally service continuity scenarios as described in TR 22.803 could be realized with IMS too.

An IMS based solution has the following benefits:

-
Access agnostic, support of Wi-Fi and LTE

-
Security support, ideal for exchanging device configurations like the pre-shared secret for WiFi direct

-
Roaming support

-
Subscribe/Notify methods

-
Easy integration with LCS

-
UE impact is limited to IMS client

-
IMS Service Continuity support

End of 2nd Change
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