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1
Introduction
It has been explained in [1] that whether the Mobile Relay SID should continue into a WID is mainly a matter of pain versus gain analysis in which the pain is mostly driven by the complexity of the architecture and its standardization.
This paper therefore looks at which architecture should thus be chosen for the mobile relay.

2
Selection of Mobile Relay Architecture
At the initial standardization stage to support fixed relay, two architecture groups (i.e. four alternatives) had been identified without considering RN mobility and finally alternative 2 among architecture group A had been chosen as the one for fixed relay. In order to find the proper architecture for mobile relay, it is natural to start from these fully discussed architectures as a beginning. 

Of four alternatives, architecture group B (i.e. alternative 4) requires that the DeNB acts as the termination for S1 connection towards EPC. In U-plane, the UE identifier has to be added over the Un interface to identify individual UE bearers. In C-plane, RRC is required to be modified to carry S1-AP messages over the Un interface. It is first excluded from the candidate architectures during the selection of relay architecture for fixed relay. Therefore, if architecture group B is selected as the one for mobile relay, it requires much specification work starting from scratch which is not a wise way. Thus we propose to exclude alternative 4 first from the candidate mobile relay architectures. 

Proposal 1: Architecture B (i.e. Alternative 4) is excluded from the candidate mobile relay architectures in order to reduce the specification effort. 
Then among the architectures from group A, as shown in [2] if the PGW/SGW function is logically comprised within the DeNB, then the mobility of the Relay Node entails to relocate the POI at each handover. 
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Figure 1: Relocation of S/PGW at RN Handover
The re-establishment of a new POI during the handover is a kind of show-stopper given the strict time constraint associated with the handover. Also, based on the clarification of RAN3#74 that the mobile relay scenario is focussed on high speed train, the challenges associated with the timing of the handover becomes high priority. 
Therefore the alternative 2 appears not compatible with the mobility of the relay.
In addition, looking at the pain  versus gain again, mobility with alternative 2 would entail significant specification work and complexity as shown in [3] and [4], among others:

· transfer of all RN and UE contexts from source DeNB to target DeNB,

· surge of S1 signalling towards all UE S-GW(s) and UE MME(s),

· management of all UE S1AP ID conflicts between the two DeNBs,
· both RN and DeNB have to support 2G/3G since multi-RAT support will be a common use case for mobile relay,
· surge of network signalling and UEs battery consumption due to the peak of TAU procedures of UEs whenever the Mobile Relay receives a TAC from the new serving DeNB that is currently not comprised in its list of TAIs as shown in [4],
· detach/attach procedures to be run during the Mobile Relay handover procedure or at minimum S1/X2 Setup procedures with the new DeNB as shown in [5], associated timing issues for the release of the RN context in the source DeNB which, as explained in [6], leads to new aggregated S1 signalling, packet loss or further handover latency.

In comparison, alternative 1 has the following drawbacks: 
· impact on core networks nodes (S-GWs, MMEs) on dimensioning which is already known,

· compatibility of alternative 1 and 2 coexisting in the same DeNB if this DeNB needs to connect to both Mobile Relay nodes and fixed relay nodes 
For all these reasons we come to the following conclusion:
Proposal 2: Alternative 1 should be selected as the basis for the Mobile Relay architecture while allowing for necessary improvements where needed e.g. solution for coexistence with fixed Relay Nodes.
The coexistence issue in the network is addressed in the next section.
3
Deployment coexistence with fixed Relay Nodes
Based on the conclusion reached in section 1, the real question is how to ensure the coexistence in a network between the alternative 2 used for fixed relay and the alternative 1 used for mobile relay.

If we consider that a DeNB simultaneously supports fixed and mobile relay, the following problem arises. In alternative 2, the DeNB intercepts each and every user plane packet and terminates all layers IP, UDP, GTP as shown below:
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Figure 2: alternative 2 user plane
Most of time, for UE dedicated signaling, only the addresses are mapped but this would apply for fixed relay only. The IP address would identify the fixed relay to forward the message to.
In contrast when mobile relay is used, the DeNB is much faster because it terminates neither the IP layer nor the application layer above, it actually merely acts not even as a router but as a L2 bridge as shown below:
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Figure 3: alternative 1 user plane

The same considerations also apply for the control plane. 
If the DeNB is serving both fixed and mobile relay, it would thus have to work like alternative 2 in order to terminate each and every flow of data and determine from the routing address if the destination is a fixed or mobile relay and behave accordingly.

It would therefore lose the benefits of alternative 1 and increase the delay. It would introduce a new dedicated filtering handling in the DeNB which is today neither alternative 2 or 1.

DeNB should therefore not serve both fixed and mobile relays. 

In [3], it is explained that anyway dedicated eNBs are likely to be used and are already used for the railway coverage. There would be no reason to have those eNBs implement the alternative 2. But given that railway tracks cover thousands of kilometres and would involve hundreds of eNBs this needs to be confirmed by operators.
Proposal 3: Alternative 1 selected as basis for the Mobile Relay architecture based on confirmation that DeNBs supporting mobile relay don’t need to support fixed relay at same time. 
4
Conclusion and Proposals
This paper has shown that there are some technical show stoppers and difficulties to use alternative 2 as defined in release 10 with Mobile Relays. Considering the pain versus gain analysis to make support of Mobile Relays worthy to standardize and implement according to [1], this leads to the following conclusion: 

Proposal 1: Architecture B (i.e. Alternative 4) is excluded from the candidate Mobile Relay architectures in order to reduce the specification effort. 
Proposal 2: Alternative 1 should be selected as the basis for the Mobile Relay architecture while allowing for necessary improvements where needed e.g. solution for coexistence with fixed Relay Nodes.

In addition, it shows that alternative 1 could co-exist with alternative 2 where alternative 2 would be used for Fixed Relays and alternative 1 would be used for Mobile Relays, provided that some simplification of network architecture rules are taken which are to be confirmed:
Proposal 3: Alternative 1 selected as basis for the Mobile Relay architecture based on confirmation that DeNBs supporting Mobile Relays don’t need to support Fixed Relays at same time. 
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