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1 Introduction

This paper addresses the UE-network relaying and Service Continuity scenarios. It presents solutions and proposals for the continued work in several 3GPP WGs according to the objectives of the RAN and SA WIDs [1]

 REF _Ref414630974 \r \h 
[2], respectively:

· 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); [1]
· Requirements for service continuity and QoS/priority/pre-emption of ProSe Direct Communication sessions as defined in TS 22.278 for the aforementioned communication scenarios. [2]
While the impact to RAN3 seems limited at this stage, we believe it is beneficial to also present the non-RAN3-related parts for information (in Secs. 2.1 and 2.2).

2 Solution Description
The use of UE-NW relaying is to extend network coverage, as illustrated in Figure 1 [3].
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Figure 1 ProSe UE-to-network relay (remote UE can also be in-coverage). [3]
When introducing support for ProSe relays, the well-established principle of maintaining service continuity for sessions controlled by the EPS should be maintained. The precondition in all scenarios is that Relay UE has a PDN connection and valid authorization to be a ProSe relay.

The RAN needs to know from a trusted node that a UE is authorized to act as a UE-to-network relay. It seems appropriate to extend the ProSe Authorized IE introduced in Rel-12 for Direct Discovery and Direct Communication, for this purpose. This IE is signaled from the MME to the eNB (S1AP) and between eNBs at HO (X2AP), and it can aid the eNB in allocating its radio resources. A new ProSe UE-to-Network Relay IE should therefore be added, as already discussed in [4].
Proposal 1: It seems appropriate to add “ProSe UE-to-network relay” to the list of possible services in the ProSe Authorized IE in Rel-13.
The solution we propose is based on the following principles:

1. Service continuity for a PDN connection established while a ProSe UE was in EPS coverage, even if such UE temporarily moves out of coverage, to be maintained via a ProSe relay UE. 

2. IP address preservation, implying e.g. that the IP address allocated to the ProSe UE by its P-GW is kept even when out of coverage, while maintaining the PDN connection via a ProSe relay UE.

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

4. RAN assistance to support the setup of a ProSe UE- ProSe relay connection over PC5: ProSe relay selection by an out-of-coverage ProSe UE is based on network-controlled rules, while for the case of an in-coverage UE it is decided by RAN. This is consistent with the current principle that eNB controls UE mobility.

Proposal 2: Service continuity, IP address preservation, “make-before-break”, and RAN assistance for connection setup should be adopted as principles for ProSe relaying.
The following 3 scenarios can be identified:
1. Setup of direct communication from a remote ProSe UE1 via a ProSe relay UE2 while UE1 does not previously have a PDN connection.
2. Service continuity: Switching an existing PDN connection, from the EPC path to a relayed path via UE2, while maintaining service continuity, when UE1 leaves E-UTRAN coverage.

3. Service continuity: Switching an existing PDN connection from the relayed path via UE2 to the EPC path, while maintaining service continuity, when UE1 re-enters E-UTRAN coverage.

Scenario 1 seems trivial (i.e. there is no concept of service continuity there), so we will concentrate on the other two.

2.1 Switching from EPC Path to Relayed Path

1. UE1 (the remote UE) has a PDN connection established. It may or may not have an RRC connection.

2. UE2 (the relay UE) has a PDN connection established and is authorized by the network to be a relay. It is FFS whether it shall have an RRC connection established at this point.
3. UE1 discovers and selects UE2 using E-UTRAN assistance.
4. The PC5 control plane connection between the UEs is established.

5. UE2 uses a NAS procedure to set up the network route forUE1. In this case, the EPC will set up a tunnel between the P-GWs of the two UEs, to maintain service continuity.

6. Upon receiving a successful response from the EPC, UE2 signals connection establishment success to UE1.

7. E-UTRAN may now release the RRC connection to UE1 (if any) using normal inactivity timer mechanisms.
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Figure 2 Switching from EPC path to relayed path.
2.2 Switching from Relayed Path to EPC Path

1. UE2 (the relay UE) has a PDN connection established and is authorized by the network to be a relay. It is FFS whether it shall have an RRC connection established at this point.

2. UE1 (the remote UE) has a PC5 connection established to UE2, which relays its PDN connection using a previously established EPC tunnel (according to the scenario in Sec. 2.1).

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 it receives the requested resources it may start transmitting UL data.

6. UE1 may now request the release of PC5 to UE2.
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Figure 3 Switching from relayed path to EPC path.
2.3 Further Discussion
Some further details about this solution which are worth highlighting:
· Use of a GTP tunnel between the P-GWs of both ProSe UEs;
· The EPC decides on which bearer the relayed data is put on (e.g. whether on a dedicated bearer for the each remote UE or on a shared bearer together with other traffic);
· The remote UE, when out of RAN coverage (but connected to the ProSe relay UE), is not known by the RAN, i.e. there is no context for this UE in any eNB.
· The serving MME maintains the context of the remote UE until it is deleted using the normal implicit detach typically used by the MME.

· When in coverage and having an RRC connection, the E-UTRAN controls UE mobility. To ensure service continuity, E-UTRAN therefore decides whether to perform handover or to connect via a ProSe relay UE, based on e.g. UE measurements.

· Apart from signaling ProSe relay authorization, no other impact on S1 or X2 signaling is needed, as all required information is signaled from the relevant ProSe UEs to the EPC over NAS.

Observation 1: A ProSe UE connected to a ProSe relay but not to an eNB “disappears” from the RAN (i.e. there is no UE context defined in any eNB) while having an active PDN connection. This is the only significant departure from the current paradigm.
Observation 2: Apart from signaling ProSe relay authorization, no other impact on S1 or X2 signaling is foreseen.
3 Conclusions and Proposals
We have presented a possible solution to support service continuity for ProSe relaying scenarios, further expanding the discussion already presented in [4], highlighting the parts which are relevant to RAN3. Our observations and proposals are summarized below.
Proposal 1: It seems appropriate to add “ProSe UE-to-network relay” to the list of possible services in the ProSe Authorized IE in Rel-13.
Proposal 2: Service continuity, IP address preservation, “make-before-break”, and RAN assistance for connection setup should be adopted as principles for ProSe relaying.
Observation 1: A ProSe UE connected to a ProSe relay but not to an eNB “disappears” from the RAN (i.e. there is no UE context defined in any eNB) while having an active PDN connection. This is the only significant departure from the current paradigm.
Observation 2: Apart from signaling ProSe relay authorization, no other impact on S1 or X2 signaling is foreseen.
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