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Introduction
During RAN3#73bis, requirement for mobile relay supporting multi-RAT has been discussed, i.e. LTE for backhaul link while LTE/3G/2G for access link. And RAN3 has reached the agreement that it is essential to support multi-RAT mobile relay[1]. In RAN3#74 meeting, several architectures of mobile relay supporting multi-RAT are proposed [2][3].
In this contribution, we would like to further discuss possible approaches for multi-RAT relay based on various mobile relay architectures discussed in R9 relay SI. And then, we analysed and evaluated these approaches respectively.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
In the high speed train scenario, multi-RAT feature enables all 2G/3G/LTE users in the train to access its own core network via relay node and DeNB. Therefore, the key problem is how 2G/3G UEs access various core networks using LTE backhaul link. 
At the very beginning, we would like to discuss architectures of mobile relay supporting multi-RAT. In this contribution, we considered approaches based on architecture A of relay which is discussed in R9, i.e. termination of both U-plane and C-plane of the S1 interface at the RN[4]. There are three alternatives in architecture A, so we discuss approaches based on the three alternatives respectively as below.
Architecture based on Alt 1
In Alt 1, there is no functionality of S-GW/P-GW/relay GW embedded into DeNB, the U-plane and C-Plane packets of a UE served by the RN are transparent to DeNB. The donor eNB associates the RN radio bearer with the corresponding RN GTP tunnel and sends the packet to RN’s SGW/PGW over the S1-U interface.There are two approach options based on Alt 1.
· Option 1：Reuse HNB architecture for 3G UEs. 
In this option, mobile relay is embedded with functionality of HNB. RN’s SGW/PGW forward signalling and data packets to HNB GW according to the target IP address, which is located in 3G core network and connects to 3G SGSN or MSC/VLR via  Iu interface. 
However, there is no such femto architecture for 2G network, option 1 couldn’t be utilized for serving GSM UEs.


Fig.1. option 1 of mobile relay multi-RAT architecture based on Alt 1
· Option 2：RN’s SGW/PGW connect to 2G/3G network using the SGi interface 

 
Fig.2 option 2 of mobile relay multi-RAT architecture based on Alt 1

RN’s SGW/PGW could connect to SGSN and MSC for 2G/3G services. For 2G service, RN’s EPS bearer is used to transmit packets for the A interface between the BTS+BSC entities (embedded in the mobile relay) and MSC for CS domain, and for the Gb interface between BTS+BSC entities and SGSN for PS domain. For 3G service, RN’s EPS bearer is used to transmit packets for the IuCS interface between the NodeB+RNC entities (embedded in the mobile relay) and MSC for CS domain, and for the IuPS interface between NodeB+RNC entities and SGSN for PS domain. 
Alternatively, RN’s SGW/PGW could connect to BSC or RNC respectively for 2G and 3G service. For 2G service, RN’s EPS bearer is used to transmit packets for the Abis interface between the BTS (embedded in the mobile relay) and BSC. For 3G service, RN’s EPS bearer is used to transmit packets for the Iub interface between the NodeB (embedded in the mobile relay) and RNC.
It can be summarised in the table below.
	
	Functionality embedded in RN
	Network element in 2G/3G connected to RN’s PGW

	2G
	BTS+BSC
	MSC (CS domain) and SGSN (PS domain)

	
	BTS
	BSC

	3G
	NodeB+RNC
	MSC (CS domain) and SGSN (PS domain)

	
	NodeB
	RNC



Evaluation: The benefit of adopting alt 1 is that only mobile relay needs to be enhanced with new functionality (e.g. BTS, BSC, NodeB, RNC,  HNB), while no modification need to be made for DeNB or 2G/3G core network element. However, since data or signalling packets for 2G/3G UEs go through LTE core network element (i.e. the RN’s P/S-GW), it may cause delay for 2G/3G users.
Architecture based on Alt 2
In Alt 2 (i.e. R10 relay architecture), the functionality of S-GW/P-GW/relay GW is embedded in DeNB. And the U-plane packets of a UE served by the RN are not transparent for DeNB.  For a 2G/3G UE served by the RN, the U-plane packets are transmitted through RN, DeNB and SGSN/GGSN, while the signalling messages are transmitted through RN, DeNB and MSC/VLR. 
· Option 3: Reuse HNB architecture for 3G UEs.
In option 3, mobile relay and DeNB are embedded with functionality of HNB and HNB GW respectively. And DeNB with the function of HNB GW connects to 3G core network element (i.e. SGSN, MCS/VLR) via Iu interface. Same as option 1, option 3 could not be utilized for serving GSM UEs.


Fig.3. option 3 of mobile relay multi-RAT architecture based on Alt 2
· Option 4: DeNB integrates RNC or BSC for 3G/2G service



Fig.4. option 4 of mobile relay multi-RAT architecture based on Alt 2
DeNB integrates RNC or BSC for 3G/2G service and mobile relay integrates Node B or BTS for 3G/2G services, respectively. RN’s SGW/PGW are also embedded into DeNB.

Evaluation: Using architecture based on Alt 2, both mobile relay and DeNB need to be enhanced with new functionality (e.g. HNB, HNB GW, Node B, RNC, BTS, BSC). Since current specification does not support the P-GW change while RN handover,  new handover procedures and messages need to be studied for supporting the change of DeNB and the embedded SGW/PGW/HNB GW/RNC/BSC. In addition, when mobile relay changes its serving DeNB, the new PGW embedded in new DeNB may allocate a new IP address for mobile relay. Therefore, there may be issues regarding IP address changing, which needs further study.
Architecture based on Alt 3
For Alt 3, DeNB is embedded with functionality of RN S-GW/P-GW. 
· Option 5：Reuse HNB architecture for 3G UEs.
In this option, mobile relay is embedded with functionality of HNB. RN’s SGW/PGW embedded in the DeNB forward signalling and data packets to HNB GW according to the target IP address, which is located in 3G core network and connects to 3G SGSN or MSC/VLR via Iu interface.


Fig.5. option 5 of mobile relay multi-RAT architecture based on Alt 3
· Option 6: DeNB connect to 2G/3G network using the SGi interface 
Option 6 is similar to option 2, with the difference that RN’s SGW/PGW are embedded into DeNB. 


Fig.6. option 6 of mobile relay multi-RAT architecture based on Alt 3
Evaluation: Using architecture based on Alt 3, since current specification does not support the P-GW change while RN handover,  new handover procedures and messages need to be defined for supporting the change of DeNB and the embedded SGW/PGW. And issues regarding IP address changing need further study. 

Proposal 1: The capability and performance of supporting multi-RAT feature should be taken into consideration during the RAN3 process of mobile relay architecture selection.
Proposal 2: RAN3 is kindly asked to discuss options analyzed in this contribution and include them in TR 36.416.
Conclusion
In this contribution, we present several approaches for multi-RAT relay based on various mobile relay architectures discussed in R9 relay SI. And then, we analysed and evaluated these approaches respectively.The following proposals are given.
Proposal 1: The capability and performance of supporting multi-RAT feature should be taken into consideration during the RAN3 process of mobile relay architecture selection.
Proposal 2: RAN3 is kindly asked to discuss options analyzed in this contribution and include them in TR 36.416.
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