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1 Introduction 

This contribution analyzes some of the architectural considerations to support mobility for the mobile relay and any connected UEs with the intent of maximizing the reuse of the existing EPS design and procedures.
2 Principles
In this paper we consider how to support a mobility function for a relay based on the architectures proposed in [1] and [2].
In our view, the first issue to consider is where the mobility anchors for the Mobile Relay and for the UE reside.
2.1 
Location of the mobility anchor for the Mobile Relay 

In Rel-10, the PGW/SGW of the relay are collocated with the DeNB as described in TS 36.300. In order to support mobility of the relay and with the intent of maximizing the reuse of the existing EPS design and procedures there are two possible options for the location of the GWs for the Mobile Relay:

1.
The PGW/SGW are logically collocated with the DeNB as for Rel-10 relay architecture; or
2.
The PGW/SGW are a logically separate function from the DeNB (reusing the S1 interface) as for Rel-8 UE architecture.

Figure 2.1-1 shows the PGW/SGW locations for options 1 and 2.
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Figure 2.1-1 PGW/SGW locations for options 1 and 2
For option 1, in order to support mobility, there are two choices: 

A.
Move the PGW/SGW to the new serving DeNB with each mobile relay HO; or
B.
Define an interface from the PGW/SGW in the source DeNB to the target DeNB.

Figure 2.1-2 shows the two different mobility support models for options 1.A and 1.B 
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Figure 2.1-2 Support for options 1.A and options 1.B 
Option 1.B is logically equivalent to option 2 since the interface will be the same as the existing S1 interface, so we will not look at it any further.
 On the other hand option 1.A requires that either (1) the Mobile Relay re-establishes the PDN connection for HO, i.e., deactivate and reactive the PDN for each mobility event which is very disruptive to service since the IP address changes for the mobile relay for each HO, or (2) define a PGW relocation procedure which preserves the IP address of the Mobile Relay in order to minimize the service interruption, i.e., move the PGW without disrupting service and maintaining the same IP address. PGW relocation with IP address preservation seem like a non starter as it requires significant changes to update routing tables in the network in real time as the Mobile Relay moves.

So, sticking to our intent of maximizing the reuse of the existing EPS design and procedures, the best solution is option 2.

Principle 1: The PGW/SGW function of the Mobile Relay is a logically separate function from the DeNB reusing the S1 interface to the DeNB.
 2.2 
Location of the mobility anchor for the UE 

In Rel-10, the PGW/SGW of the UE reside in the core network as described in TS 36.300. With the intent of optimizing the routing of the UE traffic via the mobile relay while considering the constraints of supporting UE mobility there are two possible options for the location of the GWs for the UE:

1.
The PGW/SGW are located in the core network as in Rel-8.

2.
The PGW/SGW are logically collocated with the Mobile Relay reusing the principles defined for SIPTO/LIPA in Rel-10.
Option 1 maximizes the reuse of existing procedures but also at the cost of routing inefficiency since the UE traffic traverses two sets of GWs on the core network backhaul before arriving at the DeNB and Mobile Relay. 
On the other hand, collocating the PGW/SGW at the Mobile Relay reusing the principles defined for SIPTO/LIPA in Rel-10 allows the operator maximum routing efficiency since the selection of the PGW/SGW of the Mobile Relay can be optimized based on configuration and the expected route of the train; while the PGW/SGW of the UE is also optimal in terms of routing efficiency.

Again, with the intent of maximizing the reuse of the existing EPS design and procedures while at the same time allowing an operator to optimize the routing for some UE traffic, the best solution is to require option 1 to be supported while allowing option 2 as an optimization.

Principle 2: A PGW/SGW function for the UE located in the core network shall be supported.

Principle 3: A PGW/SGW function for the UE collocated in the Mobile Relay may be supported. The same principles as defined for SIPTO/LIPA GW selection can be used to offload the UE traffic at the Mobile Relay.
3 Conclusion and proposal
This contribution has discussed the various options for the placement of the mobility anchor for the Mobile Relay and its connected UEs.  
It is proposed to capture the following principles in the TR:
Principle 1: The PGW/SGW function of the Mobile Relay is a logically separate function from the DeNB reusing the S1 interface to the DeNB.
Principle 2: A PGW/SGW function for the UE located in the core network shall be supported.

Principle 3: A PGW/SGW function for the UE collocated in the Mobile Relay may be supported. The same principles as defined for SIPTO/LIPA GW selection can be used to offload the UE traffic at the Mobile Relay.
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