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1. Introduction
At the RAN2#65bis meeting the terminology for the relaying architecture has been introduced, the relevant interfaces identified, namely, the Uu interface between the UE and the relay and the interface between the relay and the donor eNB, where the latter has been labelled as the Un interface. It has been further agreed that the relay node shall terminate all AS control plane and user plane protocols on the Uu interface (subject to the condition that no concerns will be raised in SA3 against this solution), while the control plane structure on the relay – donor eNB interface, as well as, any potential modifications of the user plane protocols (MAC, RLC, PDCP) on this interface have been left FFS.
Since the relay node needs to act both as a UE and also as a network node (i.e., basically as an eNB) on the Un interface, the control plane structure of the Un interface would need to address the AS control plane protocol (i.e., RRC) aspects, the NAS protocol aspects and the S1/X2 protocol aspects.
In this contribution we address the S1/X2 protocol aspects of the relay – donor eNodeB interface and propose to support the S1/X2 protocol terminations in the relay with the donor eNB optionally supporting a home eNB gateway like of function for the S1 interface. We discuss the AS and NAS protocol aspects of the relay – donor eNB interface in [1]. We note that this same contribution has been submitted to RAN3#64 as well.
2. S1/X2 interface termination
With the recent RAN2 decision of terminating all AS control plane and user plane protocols of the Uu interface within the relay, the AS protocols on the relay – donor eNB interface can be made free from any UE specific context. The relay node can act as an eNodeB in relation to the UE, terminating UE specific AS protocol context on the Uu interface and maintaining UE specific S1/X2 context toward the donor eNB. Any other solution than using the S1/X2 protocols on the Un interface would be deviation from legacy architecture and would require significant protocol specification efforts. Thus, we conclude that the relay shall support S1/X2 interface termination with respect to the connected UEs . 
Proposal 1: The relay shall support S1/X2 protocol terminations with respect to the connected UEs.

We can basically differentiate two ways of handling the S1/X2 interface between the relay and the donor eNB depending on whether the S1/X2 signalling between the relay and the EPC goes fully transparently via the donor eNB or the donor eNB terminates the S1/X2 interface and relays the S1/X2 messages to/from the EPC. 
2.1.  Transparent S1/X2 at the donor eNB

In this solution the S1/X2 signalling goes via the donor eNB as if it would be regular user data destined to or originated from the relay, acting as a UE. This means that the relay can be treated in the network similarly to a UE, which has an S-GW/P-GW, as well as, an MME serving node. The control plane protocol architecture is shown in Figure 1. In the control plane the S1-AP messages sent between the MME (serving a given UE connected to the relay) and the relay are delivered based on the IP address of these nodes. This means that the packets sent to/from the relay necessarily have to go via the S-GW/P-GW of the relay, as this is the IP point of presence of the relay. The S-GW/P-GW of the relay maps the IP packets to a backhaul link EPS bearer and sends the packets in the corresponding GTP tunnel to the donor eNB.
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Figure 1: Control plane of transparent S1 interface at the donor eNB
The situation is similar in the user plane (see Figure 2), where the user plane packets of a UE served by the relay are going via the S-GW/P-GW of the relay. The S-GW/P-GW serving the UE maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearers of the UE and sends the tunnelled packets to the IP address of the relay, which means that the packets will be routed via the S-GW/P-GW of the relay as this is the IP point of presence of the relay.

We note that the local breakout of relay node traffic at the donor eNB can be achieved by collapsing the S-GW/P-GW functionality for the relay into the donor eNB, in which case the inefficiencies of routing the packets via two S-GW/P-GW nodes can be avoided.
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Figure 2: User plane of transparent S1 interface at the donor eNB

We can identify the following pros and cons of the above solution.

Pros:

· No S1/X2 message interception and message relaying are needed in the donor eNB.
Cons:
· Inefficiencies of routing the packets via two S-GW/P-GW nodes, which can, however, be avoided by employing local breakout for the relay node traffic at the donor eNB by integrating S-GW/P-GW functionality for the relay into the donor eNB.
· Only the AS control plane, i.e., the RRC protocol is available as a controlling means between the donor eNB and the relay, which makes it difficult to introduce optimizations related to the S1/X2 interface procedures (e.g., packet forwarding at handover).
· As the relay and the donor eNB may have neighboring cells, they may anyway need to support the X2 interface between themselves, in which case it would be straightforward to terminate the S1/X2 interface in the donor eNB for all other cases as well. 
· The relay node is visible for the EPC, which means that the MME needs to maintain SCTP associations with each relay and this may give rise to scalability problems in certain deployments.
2.2. Relayed S1/X2 at the donor eNB

The control plane and user plane protocol architecture in case of relayed S1 interface at the donor eNB are shown in Figure 3 and Figure 4, respectively. The donor eNB terminates the S1 interface between the relay and the MME and relays the bypassed S1-AP messages modifying the S1-AP UE IDs in the message, translating the UE IDs between the two interfaces but leaving other parts of the message untouched. This operation corresponds to an S1-AP proxy mechanism and would be similar to the Home eNB GW function. The S1-AP proxy operation would be transparent for the MME and for the relay. That is, as seen from the MME it looks like as if the UE would be connected to the donor eNB and for the relay it would look like as if it would be talking to the MME directly. The protocol stack could be similar for the X2 interface as well, where the donor eNB may terminate the X2 interface toward the relay.
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Figure 3: Control plane of S1 interface relaying at the donor eNB

In the user plane the donor eNB would translate between GTP tunnels on the two interfaces, as shown in the figure. 
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Figure 4: User plane of S1 interface relaying at the donor eNB

We can identify the following pros and cons of this solution.

Pros:

· As the S1-AP and X2-AP protocols can be made available between the relay and the donor eNB and as the donor eNB can identify and access the bearers of UEs served by the relay (via terminating the GTP tunnels at the donor eNB), it becomes easier to introduce optimizations related to S1/X2 procedures (e.g., control of packet forwarding at S1/X2 handovers).
· By terminating the user plane GTP tunnels in the donor eNB it becomes easier to employ additional header compression mechanisms or other optimizations to reduce the protocol overhead on the backhaul link.

· The relay node remains hidden from the EPC, which means no impact on the EPC and no scalability problems to occur. 

Cons:
· The donor eNB would need to intercept and relay the bypassed S1/X2 messages.
Based on the discussion above we propose the following. 
Proposal 2.1: The donor eNB may terminate the S1 interface and may implement Home eNB GW type of functionality when relaying the bypassed S1-AP messages.
Proposal 2.2: The donor eNB may terminate the X2 interface toward the relay.
3. Conclusion and proposal
In this contribution we have analysed the different options of using the S1/X2 interface between the relay and the donor eNB and made the following proposals.
Proposal 1: The relay shall support S1/X2 protocol terminations with respect to the connected UEs.
Proposal 2.1: The donor eNB may terminate the S1 interface and may implement Home eNB GW type of functionality when relaying the bypassed S1-AP messages.
Proposal 2.2: The donor eNB may terminate the X2 interface toward the relay. 
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