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1 Introduction
GCSE and ProSe communication use relays to communicate to a device that is outside of the EUTRA coverage.  Figure 1 shows an example of GCSE communication using ProSe Relay in which only UE1 is under EUTRA coverage. In this case UE1 acts as a relay for the out of coverage UEs: UE2 and UE3. 
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Figure 1: UE1 acts as a relay for the out of coverage UE2 and UE3.
Scenario 1: UE2 and UE3 could be part of the same Group Communication as shown in the figure below.
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Scenario 2: UE2 and UE3 could be part of multiple groups
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Scenario 3: UE2 might be transmitter/receiving member of some groups that are disjoint to UE3 groups.
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As illustrated in the above examples, the relay agent should do the following:

1) Relay information to other UEs that are part of the Group Communication.

2) Relay information to other UEs that are not part of the Group Communication.

3) Relay information based on any IP communication.

Figure 1 describes the architecture for the Relay. The Relay node is the UE and could be doing UE-UE Relay or UE-Network Relay.
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Figure 1 Architecture for the ProSe Relay communication.

Table 1 summarizes different relay mechanisms for two UEs that are in proximity. The architecture makes the following assumptions:

1. All the ProSe signalling over the 3GPP network is done using a dedicated ProSe PDN.

2. ProSe Communication is assumed to be all IP.

Table 1: Relay mechanisms between two UEs that are in proximity.

	UE 

Proximity
	UE 

Proximity
	Relay Type:

IP Routing

Layer 3 Routing

Inter eNodeB Routing

Intra eNodeB Routing
	Notes

	UE2
	UE3


	IP Routing


	UE1 relaying IP packets between the two UE’s using IP Routing 

	UE2


	UE4


	Layer 3 Routing
	Relay sends packets to/from UE1 to the the eNodeB using the ProSe PDN and bearer


This contribution proposes two different architectures for achieving the relay functionalities for UEs that are out of EUTRA coverage.

1) UE-UE Relay using IP Routing: This solution is used between UE’s that are out of EUTRA coverage and served by the same UE, acting as a Relay.

2) UE-Network Relay using Layer 3 Routing:  This solution is used between a UE that is Out of coverage to another UE that may or may not be served by the same eNodeB.  

This contribution proposes the following Relay solutions using Layer 3 communication as described in the sections to follow.
<<< START CHANGE >>>>>
6.x
Public Safety ProSe Enabled Relays
6.x.1
Solution X: UE-UE Relay using IP Routing and Forwarding
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3) 
4) 
5) 
6) 
6.x.1.1 Functional Description
In this case the UE acts as a relay node by routing traffic between two UEs that are outside of the EUTRAN coverage, but visible to a third UE. The forwarding of the packets from the two out of coverage UEs is done by the UE relay using basic IP forwarding.  The control plane of this scenario is basic IP routing. 

Figure 6.X.1.1-1 shows an UE providing relay functionality for two other UE’s acting as a IP Relay.  The figure shows only two UE’s but in perspective the relay may be provided to a larger number of  UE’s.  Prose Relay UE could do routing of Unicast streams or provide multicast streams to other UE’s that is served by that ProSe Relay UE.
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Figure 6.X.1.1-1 UE-UE relay using IP Routing
6.x.1.2 Procedures
Figure 6.X.1.2-1 describes the procedures for setting up the relay. In the figure below it is assumed the ProSe Relay is in E-UTRA network coverage where UE1 & UE2 are outside the E-UTRAN coverage.
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 Figure 6.X.1.2-1 UE-UE relay procedures

Step1:  ProSe Relay UE establishes radio connection to the eNodeB
Step2: ProSe Relay attaches to the eNodeB.  Default PDN could be ProSe PDN or could be some other PDN. In case the default PDN is the ProSe PDN then Step 3 is optional.
Step 3: ProSe Relay establishes a ProSe PDN.  The PDN is either managed by the P-GW in case of coverage or could be locally established at the eNodeB.
Step 4:  UE1 that is out of coverage, discovers ProSe Relay UE.
Step 5: UE1 attaches to ProSe Relay UE and gets an IP address.

Step 6: UE1 registers to GCSE AS.  ProSe Relay UE relays UE1 data to the network as described in section 6.X.2
Step 7: UE2 that is out of coverage, discovers ProSe Relay UE.

Step 8: UE2 attaches to ProSe Relay UE and gets an IP address.

Step 9: UE2 registers to GCSE AS.  ProSe Relay UE relays UE2 data to the network as described in section 6.X.2
Step 10: ProSe Relay UE sets up the IP routing tables.

Step 11: UE1 communicates to UE2 directly using the ProSe Relay UE as the router. 
6.x.2  Solution X: UE-Network Relay using Layer 3 Routing based on EPS Bearer (lend me a EPS bearer)
6.x.2.1 Functional Description
In this case a ProSe UE acting as a relay node carries data traffic to/from a ProSe UE that is out of EUTRA coverage to/from an eNodeB.  Following are high level procedures for layer 3 routing:
1) Each of the ProSe Relay UE is part of a ProSe Relay PDN.

2) The ProSe Relay UE creates EPS bearer(s) for a given traffic flow towards the E-UTRAN on the ProSe Relay PDN.

3) The ProSe Relay UE identifies the uplink packet flows coming from the Out of coverage UE, and maps them to a ProSe Relay EPS Bearer.

4) Route the ProSe Relay EPS bearer downlink traffic to the associated UE.

5) IPv4 and IPv6 communication is achieved by creating the appropriate PDN type.
6) In the case of 
 IPv4 communication, the Relay UE provides the NAT.

Note 1: The number of UE’s that could be supported for relay is FFS.
Figure 6.x.2.1-1 shows the UE-Network relay at the ProSe Relay UE. The Layer 3 forwarding maps particular IP traffic to the EPS bearer.
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Figure 6.X.2.1-1 UE-Network relay using Layer 3 routing.
6.x.2.2 Procedures
Figure 6.X.2.2-1 describes the procedures for setting up the relay functionality at the UE.  The figure assumes that the ProSe Relay is in network coverage and UE2 is out of coverage.
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Figure 6.X.2.2-1 UE-UE relay procedures

Step1:  ProSe Relay UE establishes radio connection to the eNodeB

Step2: ProSe Relay attaches to the eNodeB.  Default PDN could be ProSe PDN or could be some other PDN. In case the default PDN is the ProSe PDN then Step 6 is optional.

Step 3:  UE that is out of coverage, discovers ProSe Relay UE.

Step 4: UE attaches to ProSe Relay UE and gets an IP address.

Step 5: Depending the kind of traffic, ProSe Relay UE establishes the ProSe PDN.

Step 6: ProSe Relay establishes a ProSe PDN.  The PDN is either managed by the P-GW in case of coverage or could be locally established at the eNodeB.  Based on the type of traffic, corresponding QCI bearers are established.  
Note 1: ProSe PDN could be enhanced to indicate the PDN is being used for ProSe Communication and is FFS.  
Step 7: UE2 registers to GCSE AS through the established ProSe PDN.

Note 2: The APN that is used for ProSe Relay is FFS.

Note 3: Traffic flow mapping from an out of coverage UE to the EPS bearer is FFS.
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