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1 Introduction

This document provides the summary of a solution for UE to Network Relay for ProSe aiming at providing service continuity with the principle of “make before break”, in most scenarios possible without affecting the system performance negatively. It presents solutions and proposals for the continued work based on agreed solutions for UE to Network Relay for ProSe in TS 23.303 and adopted for Rel-13 TR 23.713.
One use of ProSe UE-to-Network relaying is to extend the coverage of the network beyond the coverage of the eNB. This is illustrated in Figure 1.
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Figure 1– ProSe UE-to-Network Relay (Figure 7.2.1.2.1 TR 23.713 V1.0.0). Note that the remote UE is not necessarily out of eNB coverage.

The figure shows the scenario when the Remote UE is Out-of-network coverage. The scenario when the Remote UE is in coverage of the network will be discussed later. For service continuity the requirements in TS 22.278 state that “the system shall be able to move a user traffic session of a Public Safety ProSe-enabled UE that is losing connection to the network to a direct ProSe Communication path via a Public Safety ProSe-enabled UE acting as a ProSe UE-to-network relay, which is in direct Communication Range and has connectivity to the network. A mechanism to support service continuity shall be provided and may apply when the traffic is moved.” and that this switch shall be done without user perception.  In order to minimize the interruption time when this switch occurs we argue that there might be short periods of time when the UE is within coverage of the network, while at the same time being served by the ProSe UE-to-Network Relay. It should therefore be clear that solutions developed for the ProSe UE-to-Network Relay needs to take Service Continuity into account when being evaluated. Additionally, note that different handover cases have been carefully designed to, when needed, enable a seamless end user experience. When introducing support for ProSe UE-to-Network relays in EPS, this well established principle of maintaining service continuity for sessions established in control of the EPS, should be maintained. 
Observation 1 Service continuity is implied by the requirements in TS 22.278.
This paper addresses the ProSe UE-to-Network relaying and Service Continuity scenarios as described by the following objective from the WID [2] and by outlining a solution taking the service requirements into account.

1)
Define enhancements to D2D communication to enable the following features:
a)
Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)
2 Solution Description

The solutions are based on the following principles:

1)
Service continuity is maintained for a PDN connection established while a ProSe UE was in EPS coverage, even if this UE temporarily moves out of coverage, and maintains its connectivity via a ProSe UE-to-Network-relay. 

2)
IP address preservation implying e.g. that the IP address allocated to the ProSe UE by the PGW is kept even when UE moves temporarily out of coverage while maintaining its PDN connection via a ProSe UE-to-Network-relay.

3)
“Make-before-break” principle, implying that the ProSe UE temporarily keeps the “previous” path (PC5 or Uu) until the “new” path has been established, in order to minimize any packet loss and/or packet delay.

4)
RAN assistance to support the setup of a ProSe UE to ProSe UE-to-Network relay connection over PC5: 

a)
ProSe UE-to-Network relay selection by an out-of-coverage ProSe UE is based on network-controlled rules, 

b)
ProSe UE-to-Network relay selection by an in-coverage ProSe UE is performed by RAN. This is consistent with the current principle that eNB controls UE mobility while in coverage.

Proposal 1 Solutions for ProSe UE-to-network relaying shall take the following principles into account: Service continuity, IP address preservations, “Make-before-break”, and RAN assistance.

The following main scenarios have been identified: 
1)
Setup of direct communication from a remote ProSe UE1 via a ProSe UE-to-Network relay UE2 while the UE1 does not have a PDN connection. Note: In this scenario no service continuity requirement applies. 

2)
Service continuity: Switching an existing PDN connection for UE1, from using EPC path, to using relay path via ProSe UE-to-Network relay UE2, while maintaining service continuity, when UE1 leaves E-UTRAN coverage.

3)
Service continuity: Switching an existing PDN connection for UE1, from using relay path via ProSe UE-to-Network relay UE2, to using EPC path, while maintaining service continuity, when UE1 re-enters E-UTRAN coverage.

The precondition in all scenarios is that Relay UE2 has a PDN connection and valid authorization to be a ProSe relay.
The solutions have the following characteristics:

-
Use of a GTP tunnel between the PGWs of the remote ProSe UE1 and ProSe UE-to-Network relay UE2 (if needed, depends on EPC solution alternative)
-
The remote ProSe UE1, when out of coverage, is not known by RAN, i.e. there is no serving eNB context of the remote ProSe UE1. 

-
The serving MME maintains the context of the remote ProSe UE1 until it is deleted by the MME using the legacy procedure to implicitly detach it.

-
While being in coverage and having an RRC connection, we keep the principle that E-UTRAN controls the UE mobility. For maintaining the service continuity, E-UTRAN decides therefore whether to perform handover or to connect via a ProSe UE-to-Network relay, based on e.g. UE measurement reports. 

2.1 Scenario 1: Setup of a new connection from a remote ProSe UE1 via a ProSe UE-to-Network relay UE2 while the UE1 does not have a PDN connection
This is included here as a scenario in order to illustrate the situation where the Remote UE has not yet connected to any network and as such starting in the mode of Remote UE from the beginning.
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Figure 2.  Scenario 1: Setup of a new connection from a remote ProSe UE1 via a ProSe UE-to-Network relay UE2 while the UE1 does not have a PDN connection. Both RAN and CN aspects are shown in this figure.
1.  UE2_Relay has a PDN connection established and is authorized by the network to be ProSe UE-to-Network relay. It may or may not have an RRC connection established at this point.

2. UE1 discovers and selects UE2_Relay, based on network-configured rules (see Section 3).

3. The PC5 control plane connection between UE1 and UE2_Relay is established. 

4. 
Triggered by the PC5 establishment, UE2_Relay uses, if necessary, a NAS procedure to setup the route in network to handle the remote UE. 

5. 
When the relay route has been established, UE2_Relay indicates to UE1 that the establishment of the UE-Relay connection is successful.

2.2 Scenario 2: Switching an existing PDN connection for UE1, from using EPC path, to using relay path via ProSe UE-to-Network relay UE2, while maintaining service continuity, when UE1 leaves E-UTRAN coverage
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Figure 3.  Scenario 2: Switching an existing PDN connection for UE1, from using EPC path, to using relay path via ProSe UE-to-Network relay UE2, while maintaining service continuity, when UE1 leaves E-UTRAN coverage. Both RAN and CN aspects are shown in this figure.
1.  UE1 has a PDN connection established. It may or may not have an RRC connection.

2. 
UE2_Relay has a PDN connection established and is authorized by the network to be ProSe UE-to-Network relay. It may or may not have an RRC connection established at this point.

3. UE1 discovers and selects UE2_Relay, using E-UTRAN assistance, if it is still in network coverage, or  based on network-configured rules, if it has already left network coverage (see Section 3).

4. The PC5 control plane connection between UE1 and UE2_Relay is established. 

5. 
UE2_Relay uses a NAS procedure to setup the route in the EPC to handle the remote UE.  

6. 
When UE2_Relay receives successful response from the EPC, it indicates to UE1 that the establishment of the UE-Relay connection is successful. 

7. 
If there is an RRC connection, E-UTRAN may now release it using legacy mechanisms or the connection is lost after Radio Link Failure. .

2.3 Scenario 3: Switching an existing PDN connection for UE1, from using relay path via ProSe UE-to-Network relay UE2, to using EPC path, while maintaining service continuity, when UE1 re-enters E-UTRAN coverage
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Figure 4. Scenario 3: Switching an existing PDN connection for UE1, from using relay path via ProSe UE-to-Network relay UE2, to using EPC path, while maintaining service continuity, when UE1 re-enters E-UTRAN coverage.  Both RAN and CN aspects shown in this figure.

1.  UE2_Relay has a PDN connection established and is authorized by the network to be ProSe UE-to-Network relay. It may or may not have an RRC connection established at this point.

2. 
UE1 has a PC5 connection established to UE2_Relay, which performs relaying of a PDN connection of UE1, using an EPC tunnel, previously established (using scenario 2).

3. 
UE1 enters E-UTRAN coverage.

4. 
UE1 establishes an RRC connection.

5. 
UE1 uses a NAS procedure to request resources for the EPC path. When UE1 has received the requested resources for the EPC path it may start transmitting data in the UL.

6. 
UE1 may now request to release the PC5 connection to UE2_Relay.
3 Switching Procedure from RAN Perspective
Investigating the three identified scenarios above, it is apparent that from RAN Perspective it is sufficient to focus only on scenarios 1 and 2. Scenario 3 follows directly. These scenarios can be further broken down into subcases, as can be seen in the table below. Note that we only think two of the four identified subcases shall be supported in Release 13.

Table 1: Summary of supported scenarios.
	
	Scenario 1-1: direct communication establishment to a remote UE
	Scenario 1-2: direct communication establishment to a remote UE
	Scenario 2-1: switching of an existing PDN connection to a relay
	Scenario 2-2: switching of an existing PDN connection to a relay
	Scenario 2-3: switching of an existing PDN connection to a relay

	Node triggering the connection/
switch:
	Remote UE
	Remote UE or Relay UE
	Remote UE or Relay UE
	eNB
	Remote UE

	Coverage state of remote UE
	OoC
	InC
	InC
	InC
	OoC

	Procedure overview
	Figure 2
	--
	--
	Figure 3
	Figure 3

	RAN details
	Figure 5
	--
	--
	Figure 6
	Figure 5

	Allowed in Rel-13
	YES
	NO
(the remote UE must first establish an RRC connection, then Scn.2-2 applies)
	NO
(the remote UE must first establish an RRC connection, then Scn.2-2 applies)
	YES
	YES


Figure 5 shows a signaling chart which is used for the following two scenarios:

· scenario 1-1 where a Remote UE, which does not have a PDN connection, connects to a Relay UE to get network connectivity 
· scenario 2-3 where an existing PDN connection for a Remote UE, which has left network coverage, is switched to go through a Relay UE

In this signalling chart, the triggering of the connection/switch is performed by the remote UE, which is outside network coverage. The signaling sequence is further elaborated in [3].
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Figure 5. Detailed RAN signaling for scenarios 1-1 and 2-3, where the connection/switch is triggered by the OoC remote UE. Red boxes correspond to the boxes in Figure 2, blue text indicates the transport channel used for exchanging the associated signals.

Figure 6 shows a signaling chart for scenario 2-2 where an existing PDN connection of a Remote UE, which is in network coverage, is switched to go through the Relay UE. In this signalling chart, the connection/switch for the InC rremote UE is triggered by the eNB. The signaling sequence is further elaborated in [3]. 
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Figure 6. Detailed RAN signaling for scenario 2-2, where the connection/switch for the InC remote UE is triggered by the eNB. Red boxes correspond to the boxes in Figure 3, blue text indicates the transport channel used for exchanging the associated signals.

As can be seen in figures 5 and 6 the scenarios 1-1, 2-2 and 2-3 share several message signaling blocks. 
3.1 Triggering of switch

From RAN point of view, we distinguish between two ways of triggering the switching between EPC path and relay path and setup of the relayed connection. In both cases, there is E-UTRAN assistance.
-
UE-triggered connection/switch:
In this case the relayed connection is triggered by the remote UE, the selection of the most suitable ProSe UE-to-Network relay UE is performed based on pre-configured rules, which are in turn assigned by E-UTRAN. Such rules are based on radio measurements and parameters as well as authorization aspects and are discussed in more detail in [3][4]. The E-UTRAN is also involved in the relay selection because it may refuse acknowledging a relayed connection for a specific multi-hop link, possibly based on radio measurements. Note that remote UE-triggered relay connection/switch is only allowed for Out-of-network coverage remote UEs.

-
eNB-triggered connection/switch:
In this case, the relayed connection is triggered by the eNB and the selection of the most suitable ProSe UE-to-Network relay UE is performed by E-UTRAN which in turn commands the remote UE to trigger the “UE-Relay connection setup” procedure. E-UTRAN may trigger the switch based on radio measurements both from the remote and relay UEs as configured within the “E-UTRAN assisted relay discovery” procedure. eNB-triggered relay connection/switch is performed for in-coverage remote UEs.
In order to perform relay selection, both the remote and relay UEs need to measure and possibly report to each other and to the eNB radio-related parameters and measurements. Note that in our proposal it is never the Relay UE that selects the multipath route. 

Proposal 2 The Relay UE for an OoC Remote OoC is selected by the Remote UE based on NW-configured rules.
Proposal 3 The Relay UE for an InC Remote UE is selected by EUTRAN.

Proposal 4 To assist EUTRAN, the Remote UE shall provide eNB with measurement reports.
3.2 E-UTRAN assisted relay discovery
SA2 has called “relay discovery” the RAN/CN procedure for identifying potential relays and assessing the suitability of a potential multihop connection. There are two ways to discover a ProSe UE-to-Network relay UE route that may potentially be used for a connection:
-
“Remote UE initiated”:
The remote UE sends an event-driven message asking for assistance from a ProSe UE-to-Network relay UE. Note that this has been sometimes (incorrectly) referred to as Model B discovery.
-
“Relay initiated”: 
The ProSe UE-to-Network relay UE announces itself as a potential relay. This can be a periodic announcement or an event-triggered message (e.g., a response to a “remote UE initiated” relay discovery procedure). Note that this has been sometimes (incorrectly) referred to as Model A discovery.

We recommend the introduction of a new PC5 transport channel (“Relay_Discovery transport channel” in the figures above) for relay discovery. The reason is that such channel needs to carry both L2 and L3 information, while the Rel-12 discovery transport channel lacks a L2 header. Furthermore, the ProSe communication transport channel may be too inefficient for this type of periodic signaling. Trigger conditions and content of the above messages and transport channel details are discussed further in [3][5].
Proposal 5 Introduce a “Relay_discovery” transport channel and corresponding physical channel.

In order to perform relay selection, both the remote and relay UEs need to measure and possibly report to each other and to the eNB radio-related parameters and measurements. Details are provided in [3][4][5].
Proposal 6 Introduce a measurement framework to allow measurements of channel quality to be performed on the PC5 interface. 

Proposal 7 The measurements are used for relay selection and could also be reported to the eNB and UEs.

4 Switching Procedure from Core Network Perspective
Note: This section is only included for completeness, a more detailed description has been submitted to SA2[1].
The UE IP address is allocated by the PGW, to which the PDN connection subject to Service continuity was first set up. This IP address may be part of an IP address space handled by this PDN GW. For routing reasons, the IP address should be kept in the same PGW and can’t be changed. Therefore the original PGW for the Service must be kept to achieve IP preservation and by that service continuity to be maintained. 
For each of the scenarios 2 and 3 there are two alternatives to maintain service continuity: 

Alt A: Tunneling of packets for UEs connected to different PGWs may be done by inter-node data forwarding within the EPC. 

Alt B:  Activating, for the Relay UE (UE2_Relay), a new PDN connection to the remote UEs (UE1) PDN-GW (PGW1).

For both alternatives A and B the same RAN handling can be performed.

5 Conclusion

In the paper we made the following observations:
Observation 1
Service continuity is implied by the requirements in TS 22.278.


Based on the discussion we propose the following:
Proposal 1
Solutions for ProSe UE-to-network relaying shall take the following principles into account: Service continuity, IP address preservations, “Make-before-break”, and RAN assistance.
Proposal 2
The Relay UE for an OoC Remote OoC is selected by the Remote UE based on NW-configured rules.
Proposal 3
The Relay UE for an InC Remote UE is selected by EUTRAN.
Proposal 4
To assist EUTRAN, the Remote UE shall provide eNB with measurement reports.
Proposal 5
Introduce a “Relay_discovery” transport channel and corresponding physical channel.
Proposal 6
Introduce a measurement framework to allow measurements of channel quality to be performed on the PC5 interface.
Proposal 7
The measurements are used for relay selection and could also be reported to the eNB and UEs.
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