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1 Introduction
At the RAN WG3#73bis meeting, Multi-RAT support for mobile relay has raised some awareness for future development of LTE-A. The objective of Multi-RAT mobile relay is to provide various radio access technologies (LTE, UMTS, TD-SCDMA, GPRS, GSM, etc) in the access link as displayed in Figure 1, with the agreement that the backhaul link of mobile relay should adopt E-UTRA technology, i.e. the interface of LTE-Un. Multi-RAT mobile relay not only involves access link, but also creates architectural issues in E-UTRAN and EPC, which are supposed to provide necessary mechanisms for a different RAT UE (e.g. UMTS-UE) getting connected with its core network for service.

This contribution investigates and analyses possible E-UTRAN and EPC architectures with associated interfacing for the case of mobile relay supporting both LTE-UE and UMTS-UE under the same operator.
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Figure 1. E-UTRAN and EPC supporting Multi-RAT mobile relay
2 Discussion 
For clarity in the design of Multi-RAT mobile relay supporting both LTE-UE and UMTS-UE, the following assumptions are made in this contribution.

(1)
UMTS-UE and LTE-UE are under the same operator.

(2)
No (or least) modification needs to be made for UMTS-UE and UMTS core network architecture.

(3)
The interface of UMTS-Uu is added at the mobile relay, and the interface of LTE-Un is adopted in
the backhaul link.

(4)
E-UTRAN and EPC provide connection between UMTS-UE and UMTS CN.

There are two kinds of approach for LTE domain (E-UTRAN, EPC) to provide connection between UMTS-UE and UMTS domain (UTRAN, UMTS CN). The first one is to add connectivity between EPC and UMTS domain, which is named as Architecture A in this contribution. The other one is to add connectivity between E-UTRAN and UMTS domain, which is named as Architecture B. 
2.1 Alternatives in Architecture A
The idea of Architecture A is to add connectivity between EPC and UMTS domain in order to provide connection between UMTS-UE and UMTS domain. Since UMTS-UE must attach to an RNC before receiving service, E-UTRAN and EPC have to provide connection between UMTS-UE and RNC. Three alternatives in Architecture A are proposed as displayed in Figure 2. The three alternatives vary in the way of interfacing LTE CN and RNC. Alt 1 adopts the interface of S4 between S-GW and SGSN so that a path from mobile relay all the way to RNC is provided for connecting UMTS-UE to RNC. Note that as a similar scheme of Alt 1, the path from UMTS-UE to RNC could go through MME (i.e. via EPC control plane and interface S3), which is not included in this contribution. Alt 2 adopts the interface of S12 between S-GW and RNC. Alt 3 goes across Internet in the case of no available S4 and S12 interfaces.
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Figure 2. Alternatives in Architecture A
2.2 Alternatives in Architecture B
In contrast with Architecture A, Architecture B adds connectivity between E-UTRAN and UMTS domain. Three alternatives in Architecture B are illustrated in Figure 3. The first alternative in Architecture B, Alt 4, is to interface E-UTRAN and RNC (UTRAN) by means of IP intranet, in which DeNB is embedded with functionality of S-GW/P-GW. By adding the functionality of Node B and RNC into mobile relay and also DeNB embedded with S-GW/P-GW, Alt 5 provides connectivity between E-UTRAN and UMTS CN by means of IP intranet, which in some sense integrating UTRAN into E-UTRAN. For Alt 6, a HNB-GW is deployed between DeNB and SGSN/MSC.
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Figure 3. Alternatives in Architecture B
2.3 Analysis 
Alternatives in Architecture A (Alt 1 ~ 3) present less complexity of DeNB at the expense of increased complexity of UMTS RNC in comparison with those in Architecture B. LTE domain and UMTS domain in both architectures have to provide bearer management for UMTS-UE under mobile relay. In addition, available S4 interface between S-GW and SGSN is required in Alt 1, and available S12 interface between S-GW and RNC is required in Alt 2. In general, transmission path for UMTS-UE in Architecture A is longer resulting in increasing latency. Alt 3 presents highest security concern among all alternatives, since its connectivity is going through Internet. By equipping DeNB with embedded S-GW/P-GW functionality, and adopting IP intranet between E-UTRAN and UTRAN/UMTS CN, Alt 4, Alt 5 and Alt 6 present the lower transmission latency comparing with Architecture A. Moreover, by equipping the mobile relay with Node B and RNC functionality, Alt 5 and Alt 6 have the potential to support group mobility of UMTS-UEs. 
Some of the technical issues in the alternatives that need to be addressed are listed in the following.

Issue 1:
In Architecture A (Alt 1~3), the integrity of UTRAN in traditional viewpoint is violated, since the access link from UMTS-UE to RNC is supported by E-UTRAN and EPC. Further discussion is required for the suitability of this approach.
Issue 2:
As an extension of Issue 1, Architecture A also presents the difficulty for RNC to interpret the data flow from SGSN as upstream or downstream. For regular UMTS-UE, the upstream data flow goes from RNC to SGSN. However, the upstream data flow for UMTS-UE under mobile relay in Architecture A first goes from SGSN to RNC. Furthermore, there are issues involving UMTS-UE registration through multiple devices between Node B and RNC.
Issue 3:
Architecture A is also required to elaborate bear management for both UMTS-UE user plane data (packet switch as well as circuit switch) and control plane signalling.
Issue 4:
Security enhancements for crossing Internet in Alt 3 requires more elaboration.
Issue 5:
In Architecture B (Alt 4~6), IP intranet between E-UTRAN and UTRAN/UMTS CN is adopted. Using IP intranet to connect LTE domain with UMTS domain also requires proper intranet configuration. 
Issue 6:
In Alt 5 and Alt 6, mobile relay is equipped with the functionality of Node B and RNC, but the backhaul link from “the RNC” to UMTS CN is provided by LTE-Un interface plus IP intranet. Issues regarding RNC IP address change during mobility need to be addressed.
3 Conclusions
This contribution addresses the architectural design of E-UTRAN and EPC for supporting Multi-RAT mobile relay. Six alternatives connecting UMTS-UE to UMTS domain are proposed for discussion. Two proposals are given:
Proposal 1: Include Architecture A (section 2.1) in TR 36.416.

Proposal 2: Include Architecture B (section 2.2) in TR 36.416.
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