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1 Introduction 

This contribution analyzes where the X2 and S1 interfaces for the mobile relay terminate with the intent of maximizing the reuse of the existing EPS design and procedures.
2 Principles
In this paper we consider the different options for where the X2 and S1 interfaces terminate for the Mobile Relay. In addition we consider the impact of the decision on how to support group mobility.
2.1
Mobile Relay interfaces to the RAN 

In Rel-10, the DeNB terminates the X2 interface of the Relay and provides a proxy function to other RAN elements as described in TS 36.300. For a Mobile Relay it is worth revisiting this decision to understand if it also makes sense when relay mobility is introduced.

Currently X2 provides a mobility optimization and enables SON and eICIC enhancements with neighbouring eNBs. Since the mobile relay is expected to be fast moving (e.g., 350 km/hr) it is not clear if the mobile relay will be able to take advantage of  any of these features since the neighbouring eNBs may be changing quite rapidly.
Principle 1: The X2 interface for the Mobile Relay is not considered in the study item in Rel-11.
2.2
Mobile Relay interfaces to the Core Network 


Similarly, in Rel-10, the DeNB terminates the S1 of the Relay and provides a proxy function similar to the HeNB GW to the rest of the core network as described in TS 36.300. For a Mobile Relay it is worth revisiting this decision to understand if it also makes sense when relay mobility is introduced.
For the S1 interface there are two choices to consider:

1.
The S1 interface for the Mobile Relay is terminated at the DeNB as for a Rel-10 Relay; or
2.
The S1 interface for the Mobile Relay is terminated at the MME as for a Rel-8 eNB.

For option 1, the S1 interface is stateful, and thus in order to support termination at the DeNB along with relay mobility there are two further possible options: 

A.
Move the S1 state to the new serving DeNB with each mobile relay HO; or
B.
Reset the S1 interface with each HO.

Option 1.A is undesirable as transferring state of UEs at the relay introduces many additional issues since S1 signalling may continue to occur during the HO and it also requires analyzing all the state that is currently stored in the DeNB for Rel-10 relay architecture to determine what is needed to be transferred for a HO. 
Option 1.B is even more disruptive as it resets the S1 interface on each HO and requires additional CN signalling to indicate to the MME that all the UEs associated with the Mobile Relay have moved as well, i.e., option 1.A transfers the S1 state from the source eNB when the mobile relay performs a HO, while option 1.B requires the same state to be built up from the MME.
Therefore in the interest of simplicity and with the intent of maximizing the reuse of the existing EPS design and procedures, the best solution is option 2.
Principle 2: The S1 interface for the Mobile Relay is terminated at the MME using the existing S1 setup procedures.
NOTE: The DeNB is not required to read the S1 messages in this case and can treat them as normal data packets.

Given the S1 interface is terminated at the MME, the Mobile Relay can be assigned a Tracking Area independent of the DeNB. In this scenario, the relay mobility does not require the Mobile Relay to change Tracking Area and so the relay mobility is transparent to any UE camped or connected to the Mobile Relay and no further signalling is needed for relay HO events.
Principle 3: The Mobile Relay is assigned a Tracking Area and eNB ID that are independent of the serving DeNB’s Tracking Area and eNB ID, and the assigned IDsdo not change due to relay HO events. Therefore, relay HO events are transparent to any UEs camped or connected to the Mobile Relay.
3 Conclusion and proposal
This contribution has discussed the various options for support group mobility for the Mobile Relay and its connected UEs.  
It is proposed to capture the following principles in the TR:
Principle 1: The X2 interface for the Mobile Relay is not considered in the study item in Rel-11.
Principle 2: The S1 interface for the Mobile Relay is terminated at the MME using the existing S1 setup procedures.

Principle 3: The Mobile Relay is assigned a Tracking Area and eNB ID that are independent of the serving DeNB’s Tracking Area and eNB ID, and the assigned IDs do not change due to relay HO events. Therefore, relay HO events are transparent to any UEs camped or connected to the Mobile Relay.
