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1 Introduction

In last meeting, several solutions were proposed for Mobile Relay architecture. 
This paper would try to propose a solution and discuss it from aspects of Mobile RN’s features.
2 Discussions
2.1 Overview
Except the solutions which have been captured into TP [1], another alternative based on Alt 2 can also be considered for Mobile RN. This solution has been introduced in [2] but there is not going to details.
The major point of this proposed architecture is that RN’s SGW and RN’s PGW can be separated and they will locate at different DeNBs. The RN’s PGW locates at initiating DeNB and remains fixed. The RN’s SGW locates at the DeNB which RN is accessing to. An S5 interface is needed to connect RN’s PGW in initiating DeNB and RN’s SGW in accessing DeNB. Every HO performed when Mobile RN arrived at new DeNB is an inter-eNB HO with SGW relocation.
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Figure 1: Alt 2 with separation RN’s SGW and RN’s PGW
In this solution, RN’s PGW remains in initiating DeNB. The nodes which implement bearer mapping are still in Mobile RN and RN’s PGW. No UE context needs to be transferred during RN movement. This alternative can support RN’s mobility and group mobility. 
2.2 Mobility anchor

A principle has been assumed in RAN3#74 meeting [4], which is:
· Mobile relay’s Serving GW serves as mobility anchor point for mobile relay inter-DeNB handovers.
However, this principle needs more discussion on its rationality.

The principle that Serving GW is local mobility anchor for inter-eNB handover is defined from Release 8. The mobility anchor point is selected according to different level or coverage which node serving to. Upper node of eNB is Serving GW, it is a right point to anchor user’s user plane path. 
The anchor point would be selected according to level which it located. Such as eNB acts as mobility anchor for intra-eNB handover, PGW acts as mobility anchor for inter-3GPP handover. The mobility anchor will be changed when UE moves out of service area which the anchor node serving to.
For mobile relay architecture, in the case of RN’s SGW locates at CN, it is natural that RN’s SGW works as local mobility anchor for inter-DeNB handover since it is the upper node of DeNBs. The number of DeNBs which RN’s SGW connected to is not restricted. There is also possibility that SGW needs to be relocated during UE’s movement for it could get more gain by routing optimization.
In the case of RN’s SGW locates at E-UTRAN, e.g. DeNB, RN’s SGW is still the upper node of eNB from logical view and it co-locates with DeNB in physical. We may assume that more than one DeNB will be served by RN’s SGW which is mobility anchor point of inter-DeNB handover. But we can also assume that just one DeNB is served by RN’s SGW. The RN’s SGW will be changed in every inter-DeNB handover performed. It does not violate the rules defined in 3GPP specifications.
In this stage we are discussing alternatives which can be used for mobile relay and the conclusion has not been made. The rationality of RN’s SGW is relocated or not during inter-DeNB handover is depended on the location in network. Because different level in network has different mobility anchor, it is too early to do such limitation on the point of mobility anchor for inter-DeNB handover now, and it will not bring in too much beneficial when we discuss the candidate alternatives.

2.3 Key points
In this section, some aspects are discussed for proposed solutions.

· Mobile RN startup procedure

The RN attachment procedure specified for R10 relay can be reused in this solution. Mobile RN will be served by RN’s SGW and RN’s PGW which are both embedded in initiating DeNB.

The S1 interface between Mobile RN and DeNB will be established after handover complete successfully. Mobile RN initiates S1 setup procedure.

· Handover procedure

During handover procedure, Mobile RN performs inter-eNB handover with SGW relocation. Only S1-based HO can be used for this solution. The new SGW selected by RN’s MME will be the one of DeNB which is the target node of handover. 
· The length of user plane
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Figure 2: User plane length in the alternative
The length of user plane in this solution will become longer with Mobile RN’s running, since RN’s PGW is always located in initiating DeNB. It is really a drawback of the alternative. However, some of alternatives based on Alt2 and the alternative based on Alt1 have same length of user plane. For alternatives based on Alt2, RN’s SGW/PGW locates at initiating DeNB, and for alternative based on Alt1, RN’s PGW always locates at initiating PGW in EPC.
Some optimization mechanisms could be considered for shortening user plane path.
· Group mobility
The alternative proposed here supports group mobility. The RN EPS Bearers which served for UE EPS Bearers will be switched from old DeNB to new DeNB with the handover occurred. The UE contexts still remains in RN’s PGW and there does not need any context delivering procedure between old and new DeNB. From the view of EPC, no path change occurs for UEs.
· X2 interface connectivity
Because RN’s SGW will be changed with every handover performed, this alternative only supports inter-eNB handover with SGW relocation, i.e. a S1-based handover procedure. 
Except providing support for mobility, X2 interface also enables SON and ICIC/eICIC mechannisms with neighours. Since mobile relay is always worked with fast moving and providing a very stability connection to UEs, it does not need an X2 interface between mobile relay and neighbour eNBs to do SON or ICIC work. Therefore, an S1 connection between mobile relay and its serving DeNB is enough.

· Relay bearer mapping
The defined QCI-to-DSCP mapping function in R10 can also be re-used for this alternative. The RN’s PGW in initiating DeNB performs bearer mapping function for downlink and Mobile RN performs bearer mapping function for uplink.
· Multi-RAT
If mobile relay is required to support multi-RAT access, the RN’s PGW embedded in initiating DeNB can act as gateway which forwarding RAT-related traffic to corresponding core networks. The gateway needs to distinguish the RAT which the traffic belongs to and it also needs to support backhaul link protocols for different RATs. The architecture that gateway located in E-UTRAN will not increase the load for EPC and it avoids some confusion to other RATs’ RAN node, i.e. which direction the traffic comes from.
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Figure 3: Multi-RAT with iRAT-GW in E-UTRAN
· Others

Some other issues such like relay cell configuration management, area roaming and access restriction, etc. which has been discussed in [3] need to be further studied, not only for this alternative but also for all of alternatives.
2.4 Mobility procedure

The figure below depicts a inter-DeNB handover procedure under the architecture proposed in this paper. An S5 Bearer is updated from Source DeNB to Target DeNB during handover. More steps are needed than the procedure in Release 10 since RN’s SGW and RN’s PGW are separated here. However, comparing with the number of users in a normal cell, the number of Mobile RNs is very small. It will not bring so much signalling load on network.
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Figure 4: Mobility procedure for proposed alternative
2.5 Backward compatibility

The proposed alternative is backward compatible with R10 Relay architecture. For a fixed RN, RN’s SGW always keeps co-locating with RN’s PGW.
3 Conclusion

This paper discusses one more alternative for Mobile Relay architecture, which is based on R10 Relay architecture. It requires separated RN’s SGW and RN’s PGW. This alternative is fine to support RN mobility, group mobility and multi-RAT supporting. The issues which need to be studied further should also be considered for other alternatives.
Proposal 1: It is proposed to delete the description of restriction on mobility anchor point for Mobile Relay architecture from TR 36.416 at this phase.

Proposal 2: RAN3 is kindly suggested to discuss the alternative proposed in this paper and extract it into TR as a candidate for Mobile RN.
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