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Abstract of the contribution: This paper introduces relay functionality for the IMS ProSe solution.
Discussion:
The UE relay functionality can be basically differentiated for two use cases with respect to the LTE macro cell coverage:
· The relay UE is within macro cell coverage and provides services to UEs in proximity but without LTE coverage, acting either as UE-to-UE relay and/or as UE-to-Network relay.
· The relay UE itself is also out of macro cell coverage and acts as a UE-to-UE relay.
This paper shows multiple PC5 simultaneous connections of one UE but it is for further study whether one or multiple simultaneous PC5 connections at the same UE are possible.

In case that the relay UE has power constrains it operates with a normal Uu interface towards the network and offers PC5 interface towards the attached UEs. This case also allows anchoring of the signalling in the network and local routing of media as well as local switching in the relay UE between UEs via PC5 interface. After providing IP connectivity from the relay UE to the attached UEs, the previous flows apply. The bearer of the relay UE for the IP connectivity might need to be modified according to the attached UEs. 
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Figure 4: Relay UE with Uu interface towards the network
The Relay UE A is transparent for the SIP Signalling and only providing IP connectivity to the network for the attached UEs:
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Figure 2: Session setup with SIP Signalling anchored in the network
1. The UE B sends an SIP INVITE to the UE C via the Relay UE A. The SIP signalling is anchored in the ProSe AS, the media may be indicated to be delivered directly on the local IP address via the D2D radio. This would require UE B to be capable to have two PC5 connections at the same time. Else the media will be routed via the relay UE A, but can be locally switched to UE C.
2. The ProSe AS forwards the INVITE to the UE C and detects the setup of a direct D2D communication.

3. The UE C acknowledges the SIP INVITE.

4. The ProSe AS forwards the acknowledgement to the UE B.

5a. According to the media description the media is setup locally via PC5 directly to UE C. This is only possible if UE A and UE C are directly connected via PC5 interface. If they are not in direct proximity to each other, then step 5b applies and the media has to be routed via PC5 interface to the relay UE A, which is then providing two points of contact as shown in the following figure.
5b. According to the media description the media is setup via the relay UE A, which is then providing two points of contact as shown in the following figure.
In case all UEs are out of macro cell coverage, then the Relay UE may provide additional services and functionality for the other UEs in proximity. The Relay UE may be able to switch UEs locally that are too far away in order to communicate directly, e.g. in the following figure the UE B cannot directly connect to UE D. The Relay UE uses the D2D interface PC5 to connect directly with the UEs in proximity. 
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Figure 5: Relay UE without Macro Cell Coverage, acting as D2D UE switching the communication locally
The Relay UE has to be able to do a kind of NAT and switching between the different D2D connections; this is shown in the following figure:
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Figure 6: Session setup with SIP Signalling via the Relay UE
1. The UE B sends an SIP INVITE to the UE D via the Relay UE A. The Relay UE A needs to check the SIP signalling and whether the destination UE is connected to the Relay UE A. It then creates a binding for all further IP Packets between these two UEs
2. The Relay UE A forwards the INVITE to the UE D.

3. The UE D acknowledges the SIP INVITE.

4. The Relay UE A forwards the acknowledgement to the UE B.
5. The media is setup via the Relay UE A which forwards the IP packets.
Start of Changes

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.

6.1.5.2.4
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.x
Relay Functionality

6.1.5.3.x.1
General
The UE relay functionality can be basically differentiated for two use cases with respect to the LTE macro cell coverage:

· The relay UE is within macro cell coverage and provides services to UEs in proximity but without LTE coverage, acting either as UE-to-UE relay and/or as UE-to-Network relay.

· The relay UE itself is also out of macro cell coverage and acts as a UE-to-UE relay.

This paper shows multiple PC5 simultaneous connections of one UE but it is for further study whether one or multiple simultaneous PC5 connections at the same UE are possible.
6.1.5.3.x.2
Relay UE within Macro Cell Coverage
In case that the relay UE has power constrains it operates with a normal Uu interface towards the network and offers PC5 interface towards the attached UEs. This case also allows anchoring of the signalling in the network and local routing of media as well as local switching in the relay UE between UEs via PC5 interface. After providing IP connectivity from the relay UE to the attached UEs, the previous flows apply. The bearer of the relay UE for the IP connectivity might need to be modified according to the attached UEs. 
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Figure 6.1.5.3.x.2-1: Relay UE within Macro Cell Coverage
The Relay UE A is transparent for the SIP Signalling and only providing IP connectivity to the network for the attached UEs:
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Figure 6.1.5.3.x.2-2: Session setup with SIP Signalling anchored in the network
1. The UE B sends an SIP INVITE to the UE C via the Relay UE A. The SIP signalling is anchored in the ProSe AS, the media may be indicated to be delivered directly on the local IP address via the D2D radio. This would require UE B to be capable to have two PC5 connections at the same time. Else the media will be routed via the relay UE A, but can be locally switched to UE C.

2. The ProSe AS forwards the INVITE to the UE C and detects the setup of a direct D2D communication.

3. The UE C acknowledges the SIP INVITE.

4. The ProSe AS forwards the acknowledgement to the UE B.

5a. According to the media description the media is setup locally via PC5 directly to UE C. This is only possible if UE A and UE C are directly connected via PC5 interface. If they are not in direct proximity to each other, then step 5b applies and the media has to be routed via PC5 interface to the relay UE A, which is then providing two points of contact as shown in the following figure.

5b. According to the media description the media is setup via the relay UE A, which is then providing two points of contact as shown in the following figure.

6.1.5.3.x.3
Relay UE out of Macro Cell Coverage
In case all UEs are out of macro cell coverage, then the Relay UE may provide additional services and functionality for the other UEs in proximity. The Relay UE may be able to switch UEs locally that are too far away in order to communicate directly, e.g. in the following figure the UE B cannot directly connect to UE D. The Relay UE uses the D2D interface PC5 to connect directly with the UEs in proximity. 
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Figure 6.1.5.3.x.3-1: Relay UE out of Macro Cell Coverage
The Relay UE has to be able to do a kind of NAT and switching between the different D2D connections; this is shown in the following figure:
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Figure 6.1.5.3.x.3-2: Session setup with SIP Signalling via the Relay UE

1. The UE B sends an SIP INVITE to the UE D via the Relay UE A. The Relay UE A needs to check the SIP signalling and whether the destination UE is connected to the Relay UE A. It then creates a binding for all further IP Packets between these two UEs

2. The Relay UE A forwards the INVITE to the UE D.

3. The UE D acknowledges the SIP INVITE.

4. The Relay UE A forwards the acknowledgement to the UE B.

5. The media is setup via the Relay UE A which forwards the IP packets.

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 Changes
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