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1. Introduction
This document captures the result of the offline discussion on mobile relay solutions/architectures which to be worked on in the following meetings, following the online discussion in RAN3#75.

2. Mobile relay solutions options
2.1. Alt.1 

[Reference to R3-120105, R3-120296, R3-120258]

Alt 1 relay node architecture is shown in Figure a below with properties:

-
S1-U interface for the UE is between the RN and SGW of the UE. 

- 
S1-MME interface for the UE is between RN andMME of the UE.
-
UL S1-U and S1-MME packets of a UE served by mobile RN are sent on the mobile relay user plane EPS bearers from the RN to the RN P/SGW of the relay. Similarly DL S1-U and S1-MME packets are sent to the mobile relay via the P/SGW of the relay.
-
Mobile relay HO reuses existing UE handover procedures with some enhancement/modification if needed.
-
UE PDN connection and RN PDN connection are preserved during mobile relay handover.
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Figure a: Alt.1 relay architecture
2.2. Alt.2 

[Reference to R3-120079]
One Rel-10 Relay cannot support mobility, but in case there are two Rel-10 Relay entities in a mobile relay device, as shown in Figure b, these two entities act as two relays attach to two adjacent DeNBs, can provide the similar function as RN handover.

After RN_UE1 connects to DeNB Cell1, all the UEs in the train are served by RN Cell1. When the train moves into the coverage of DeNB2 Cell2, RN_UE2 attaches to DeNB2 Cell2, active RN_Cell2. The mobile relay device HO all the UEs under RN_Cell1 to RN_Cell2, via S1/X2 HO.

After all the UEs are connected to RN_Cell2, the RN_UE1 detaches from DeNB1_Cell1, release S1/X2 connections. If the train keeps moving and reaches DeNB3_Cell3 coverage, RN_UE1 attaches to DeNB3_Cell3, HO all the UEs under RN_Cell2 to RN_Cell1….

· These two RN_UEs and RN_Cells work alternatively to support the high speed train scenario.
· Rel-10 RN Startup procedure can be reused

· The bearer mapping solution of Rel-10 Relay can be reused

· As an optimization, Group Mobility is beneficial to reduce the latency and signaling load, detailed solution is FFS
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Figure b. One Mobile Relay Device with two Rel-10 RN entities
As a further enhancement, the solution can also be updated to a Mobile Relay Device includes 2 RN-UE entities and one RN-eNB entity. Then the UEs served by the RN need not be aware of the HO. HO related messages are only exchanged between source and target. No HO command is sent to the UEs.
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Figure c, Optimized Mobile Relay Device
Further optimization to speed up the RN Phase II attach may be needed, e.g.

· OAM informs RN ECGI under each DeNB cell to the RN in Phase I

· DeNB maintains the S1/X2 configuration to MMEs/neighbor eNBs for the RN 

· Others FFS
2.3. Alt.2 enhancement

2.3.1 eAlt.2-1: Alt.2 without RN PGW relocation
[Reference to R3-120186, R3-120140, R3-120323]
This architecture is based on the alt.2 defined for fixed relay to support mobile RN mobility, as shown in  figure d. In this architecture, the MR’s S/P-GW resides in the 1st DeNB where the mobile relay starts the normal operation. When the relay is HO to another DeNB, it still uses the MR’s P-GW or S/P-GW collocated in the 1st DeNB.
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Figure d. Alt.2 without PDG GW relocation (option1)
This architecture can be further enhanced by moving the RN PGW/SGW functionality into a separate mobility anchor while still keeps the S1/X2 functionality, as shown in figure e. 
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Figure e. Alt.2 without PDG GW relocation—anchor node (option 2)
In this architecutre, the RN PGW/SGW functionality are moved from the DeNB into an separate mobility anchor. There would be tunnels to the Mobile RN both for UE user data, and for S1/X2 and OAM signaling. Mobility anchor also provides the Relay GW(S1/X2 proxy) functionality, hiding the mobile RN from the rest of the network(e.g. MME(UE), other eNBs), mobile RN is seen as a cell of mobility anchor – this can be seen as an evolution of the current architecture in order to support mobile RNs.   
The DeNB provides the eNB function and the S1/X2 proxy functionality. 
With the S1/X2 proxy functionality, it is possible both for the mobility anchor and for the DeNB to see the UEs behind the Mobile RNs. The exact functional split between these two nodes could be further elaborated.
It could be possible for the mobility anchor to be involved only in the control plane of the Mobile RN, while the user plane is routed directly between the DeNB and the S-GWs. The advantages and disadvantages of such splitting of UP and CP could be further elaborated
When mobile RN performs handover from source DeNB to target DeNB, the RN serving GW serves as mobility anchor point, the RN bearers are switched in the same RN S/P-GW (anchor) towards the target eNB.
Option 1 in figure d and option2 figure e are equivalent, i.e., after the first handover, option 1 can be considered a special case of option 2 where the initial relay P/SGW selection was to the P/SGW that is embedded in the DeNB where the relay starts the normal operation.
2.3.2 eAlt.2-2: Alt.2 + MIP
[Reference to R3-120233]

A Mobile IP (MIP) enhancements for the existing Rel-10 relay architecture, namely Alt2+MIP, is to support mobile relay with minimum standard impacts in the scenario of High-Speed Rail (HSR). The basic idea of Alt2+MIP is to integrate the functionality of Mobile IP (MIP) / Proxy MIP (PMIP) into DeNB of Alt2 so that the first DeNB to which a mobile relay attaches can function as the Home Agent (HA)/ Local Mobility Anchor (LMA) for the relay. In the case of the relay’s handover to a new DeNB, the new DeNB acts like a Foreign Agent (FA)/ Mobile Access Gateway (AMG) to the relay. By taking advantage of MIP/PMIP-related signalling procedure, user plane transmission from S-GW to a UE under the mobile relay can be accomplished via IP forwarding (in the form of MIP tunnelling) from the HA/LMA to the FA/AMG directly, as illustrated in Figure f. The HO procedure for Alt2+MIP is enhanced by MIP operations, e.g. the discovery of CoA (care-of-address), and binding update (BU)/binding acknowledgement (BU ACK) between the HA/LMA (Source DeNB) and the FA/AMG (Target DeNB). It’s worth mentioning that path switch for UEs is unnecessary in Alt2+MIP, since the HA acts as the mobile relay’s P/S-GW. In this way, user plane transmission from UE’s P/S-GW to the UE is first going through the HA/LMA and then the FA/AMG in Alt2+MIP. The mobility has been resolved by MIP network routing configurations at the IP layer.
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Figure f. Alt2+MIP: applying the idea of MIP in Alt2
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Figure g. Handover Procedure in Alt2+MIP
2.3.3 Alt.4
In this architecture, the DeNB acts as the termination for S1 connections towards EPC, and RN can be simply seen as a cell managed by the DeNB from EPC and neighbour eNBs point of view. 
The S1/X2 Proxy defined for Rel-10 Relay can be reused, i.e. the DeNB appears as an MME (for S1-MME), an eNB (for X2) and an S-GW (for S1-U) to the RN-eNB.  
Mobile relay HO can reuse existing UE handover procedures, the Relay-UE’s S/PGW is the mobility anchor of the Relay-UE HO.
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Figure h: Alternative 4 Relay Architecture

3. Conclusion and proposal
This document summarize the mobile relay solutions to be worked on in the following meetings, it’s proposed to capture the architectures in section 2 into the TR36.416.
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