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Abstract of the contribution: This contribution discusses aspects of media independent mobility signalling based on the IEEE 802 Media Independent Handover Services. The conclusion is that Inter System mobility might be supported using media independent signalling between 3GPP and non-3GPP accesses. Procedures and specific behaviour of logical entities using such signalling requires further study.
1. Introduction
SA1 has agreed on several requirements related to non-3GPP mobility support [1]. These requirements include:

1) Uninterrupted user experience of a service that is using an active communication (e.g. an ongoing voice call) when a UE undergoes a change in radio access technology.

2) The evolved 3GPP system shall provide mobility mechanisms to support frequent handovers within and across 3GPP access systems and non 3GPP access systems in order to avoid service degradation.
3) The evolved 3GPP system shall support service continuity between 3GPP access systems and also between 3GPP access systems and non 3GPP access systems whether the UE supports simultaneous radio transmission or not.
It is recognized that in order to maintain a consistent user experience when transitioning between 3GPP and non-3GPP RAT requires handover coordination between 3GPP and non – 3GPP entities [2]. It is also recognized that network based mobility scheme needs some form of media independent mobility signalling to coordinate the access change between networks [3]. 
We propose that the text and figures described in this document and its conclusions be agreed upon as principles for handover between 3GPP and non-3GPP RATs.
2. Discussion

It should be first understood and agreed that it is undesirable that handover to a target non-3GPP RAT be taken without Evolved Packet Core (EPC) involvement. Further, uninterrupted user experience of a service in a target non-3GPP RAT (e.g. mobile WiMAX) requires handover preparation at the target non-3GPP RAT. Given the assumption (see point 3 in Introduction) that service continuity shall be supported regardless of whether the UE supports simultaneous radio transmission or not, it is thus necessary that the handover preparation phase involve the EPC. 

Further, it should be realized that for consistent user experiences the EPC should be responsible for as much of the handover preparation as possible since the inter-working support in the target non-3GPP RAT cannot be guaranteed. In other words, as one cannot guarantee that the target non-3GPP RAT will support any new handover preparation messages that 3GPP develop, it is the responsibility of the EPC to use a protocol which the target non-3GPP RAT will understand. 
It should also be noted that there are already existing mechanisms to support handover preparation at target 3GPP RAT and, in order to minimize the number of alternatives for Inter-RAT mobility from LTE, these mechanisms be re-used as much as possible. However, from experience, it is evident that introducing such handover preparation mechanisms inevitably introduce several access-specific issues. Thus, handover preparation to different non-3GPP RAT (e.g. 3GPP2/Mobile WiMAX) will also introduce non-3GPP access specific dependencies in the EPC and that these dependencies, while inevitable, should be simplified as much as possible.

Hence, we proposed that the following principles be agreed upon as the working assumptions for handling mobility to/from non-3GPP systems in LTE: 

1) Handover preparation to non-3GPP RAT shall involve the EPC

2) The EPC shall not make any 3GPP specific demands for handover on the non-3GPP RAT
3) Non-3GPP access specific dependencies in the EPC shall be minimized

In accordance with these principles, we propose that an inter-working function be used to make the 3GPP side independent of the particularities on the non-3GPP side. Such an inter-working function is defined within the IEEE 802.21 Media Independent Handover specifications, through a “tool box” of services that can either be used as a whole or in part.

Media independent signalling assumes that it is not required nor desired to introduce dependencies across different access technologies. Instead, it is more flexible having an entity that interfaces between different accesses and inter-works between the command, information and event services from one access to another as required.  A network-based mobility solution could benefit from the media independent services defined in IEEE 802.21 to complement mobility between local and global domains and to obviate the need to introduce non-3GPP access specific messages in the EPC. This inter-working function can be assumed to be a single logical entity that can be called Media Independent Handover Entity (MIHE).

As described in [2], an Inter-RAT handover is based on a few key principles:

· In multiple RAT scenarios, the UE uses a single RAT for all in-progress services.

· Inter-RAT handover decision is made (and the handover command is sent) by the serving RAN. The target RAN may exercise admission control to UEs that are handed over.

· The serving RAN receives information from the target RAN that can be included in the handover command.
In agreement with this logic, we believe that these principles can be complemented with the MIHE for handling the mobility to/from non-3GPP systems in LTE. 
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Figure 1: E-UTRAN to UMTS/GPRS Inter RAT HO, preparation and execution phases (based on TS 23.401 V1.0.0)
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Figure 2: Handover between LTE and non-3GPP access using MIHE inter-working function
Based on the above information we propose that

4) An inter-working function such as the MIHE shall be used in the EPC for handover between LTE and non-3GPP access networks
3. Conclusion

We propose that the following four high-level principles be agreed upon and captured in the relevant SA documents:
1) Handover preparation to non-3GPP RAT shall involve the EPC

2) The EPC shall not make any 3GPP specific demands for handover on the non-3GPP RAT
3) Non-3GPP access specific dependencies in the EPC shall be minimized

4) An inter-working function such as the MIHE shall be used in the EPC for handover between LTE and non-3GPP access networks
For the MIHE, IEEE 802 Media Independent Handover messages can be used to perform the L1/L2 handover, whereas Mobile IP (e.g. Proxy Mobile IP or any other IP mobility solution) will perform the Layer 3+ handover.
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5. Appendix
5.1. Architecture Reference Model

The following figure describes an example of the Architecture Reference Model, including the MIHE. 

5.1.1
Non-Roaming Architecture
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Figure 5.1.1-1: Non-Roaming Architecture for non-3GPP Accesses within EPS
5.2. Information Flow

The following figure describes an example of the handover information flow between LTE and non-3GPP networks using an MIHE. In this case, the preparation phase and the execution phase are combined into a single comprehensive flow. Such an information flow could for instance be included in 23.402 within section 5 (e.g. 5.6 Handover). 

Preparation and Execution Phases
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 Figure 5.2-1: E-UTRAN to non-3GPP Inter RAT HO, preparation and execution phases
1. Upon detection that a handover is required, the source MME in the 3GPP network sends a Forward Relocation Request to the MIH-capable Serving GW to establish resources in the target access network.

2a & b. Upon reception of the Forward Relocation Request, the information is translated to non-3GPP parameters and an MIH_N2N_HO_Commit Request message is sent by the MIH-capable Serving GW to the MIH-capable Trusted/Untrusted Non-3GPP Network GW over IETF protocols. This message is used to request the preparation of link resources in order for a handover to be initiated. Upon successful completion, the Trusted/Untrusted Non-3GPP Network GW returns an MIH_N2N_HO_Commit Response.

3. A Forward Relocation Response message is generated upon reception of the MIH_N2N_HO_Commit messages.

4. After committing to the prepared link resources, a Relocation Command is issued by the source MME to the source eNodeB.

5. The source eNodeB commands the UE to perform a handover to the target access network via a HO Command message. This message includes a transparent container including radio aspect parameters that the target access network has set-up in the preparation phase.
6. After handover completion, an MIH_N2N_HO_Complete Request message is generated by the MIH-capable Trusted/Untrusted Non-3GPP Network GW to indicate that the link has switched to the target access network.

7a & b.In accordance with the completion of the handover, Forward Relocation Complete and Forward Relocation Complete Ack messages are sent.

8. At this point, the source MME cleans-up all its resources towards source eNodeB by performing the S1 Release procedure.
11. Upon reception of the Forward Relocation Complete Ack, an MIH_N2N_HO_Complete Response message is sent to notify the MIH-capable Trusted/Untrusted Non-3GPP Network GW about the completion of the link establishment. 

As shown in the figure, IEEE 802 Media Independent Handover messages are used to perform the L1/L2 handover, whereas Mobile IP (e.g. Proxy Mobile IP or any other IP mobility solution) will perform the Layer 3+ handover.
Editor’s note: In this example, it is considered that the best place to locate the MIHE is the Serving Gateway, since as stated in 23.401, the Serving GW is the gateway which terminates the interface towards E-UTRAN.
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