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1 Introduction

During the previous SA2 meetings a couple versions of WiMAX interworking were presented (e.g., S2-073821, S2-072829, S2-074159, S2-074792). As the justification for the seen proposals it was stated that without them the existing requirements for Wimax interworking would not be fulfilled. The common point of the proposed solutions is that they are based on a new network element called FAF that provides the signalling conversions between the 3GPP and WiMAX systems. 

This paper discusses whether the requirements really justify to specification of an optimized HO solution and presents an alternative solution where the optimized interworking is solved without the introduction of a new functional entity.

2 Considerations on Requirements

Based on the discussions in the previous SA2 meetings it is clear that there are different views among the parties about 
a) what exactly is required within the scope of Wimax interworking in SAE 
b) how much of the existing requirements is already fulfilled by the generic non-3GPP access interworking approach that is there in TS23.402 (ref. section 4.2., trusted non-3GPP access interfacing SAE).
Service continuity is already supported by the generic means specified in TS23.402. The existing approach even supports both the network based (PMIP) and client based (DS-MIP) mobility solution with session continuity, irrespective of the mode of operation of the mobile device. It is also known that e.g., the interworking between the Wimax system and the HRPD of 3GPP2 is currently based on the same approach as is already there in TS23.402. 

When the need for an optimized HO solution is discussed SA2 should also take into account the decision of the last SA plenary meeting that optimized HO with WiMAX networks is not an essential item of Rel8 SAE specification.

Conclusions for now are suggesting that at this point there is no justification for any additional work on Wimax interworking in SA2. However, in case any new requirements were to appear in the future, requiring further work on HO optimization, the following sections describe a viable approach for further optimising the Wimax interworking within the scope of SAE. 
3 A WiMAX interworking solution

Interworking between 3GPP EPS and non-3PP networks could be based on common interfaces and methods. Access specific interworking solutions increase the complexity of the architecture and hence should be avoided. TS 23.402 specifies an interface referred to as S101 between the MME and the HRPD network for optimized interworking between HRPD and E-UTRAN. This interface can be applied to any non-3GPP access network and the same procedures for optimizing the handovers can be applied as well. 

The architecture proposed for interworking between 3GPP accesses and WiMAX is shown below:
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Figure 1 Architecture for interworking with optimized HO for 3GPP and WiMAX
Reference point S101 is defined in TS 23.402 as follows:

S101:
It enables interactions between EPS and HRPD access to allow for pre-registration and handover signalling with the target system. 

The S101 interface can be considered as a generic interface for interworking with any non-3GPP trusted access network and in this case the interface would be used for interactions between the EPS and WiMAX access.

The S101 interface in the case of WiMAX and 3GPP interworking would be between an ASN-GW in the WiMAX access network and the MME in EPS. 

2.1 Optimized Handover between WiMAX and 3GPP EUTRAN

When a dual-mode UE which is capable of handovers between WiMAX and EUTRAN is attached to the WiMAX network, it will establish a specialized service flow (interworking service flow) between the UE and the ASN-GW. This service flow is intended to enable pre-registration and authentication with the target EUTRAN via the WiMAX access network. The classifiers for the service flow enable it for use only to transport such signaling messages to the target network. This service flow is in addition to the Initial Service flow (ISF) and any other service flows that may exist. The use of the interworking SF and S101 interface is shown in the figure below:
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Figure 2 Interworking SF between UE and ASN-GW and S101
The flow diagram below shows the handover between WiMAX and EUTRAN:
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Figure 3 HO from WiMAX to EUTRAN
· The UE is attached to the WiMAX network and has an active data session

· The UE decides to pre-register in the target EUTRAN based on a radio layer trigger or information received via the broadcast channel (TLV)

· The UE performs the attach procedure with the target EUTRAN. The signaling with the target EUTRAN is carried between the UE and the ASN-GW via the BS through a special service flow established for interworking purposes. The S101 interface between the ASN-GW and target MME carries the signaling messages between the UE and the MME in the target network.

· A decision is made to do a HO to EUTRAN

· The UE does handover signaling with the target EUTRAN/MME to establish the resources prior to detaching from the WiMAX network

· The UE disconnects from the WiMAX network and attaches to the EUTRAN eNB.

· The UE sends a HO Complete indication to the eNB

· The S-GW creates the S5 tunnel towards the PDN-GW, and the tunnel from the PDN-GW towards the WiMAX network is released.

· The UE is now able to send/receive packets via the EUTRAN

· The UE performs the tracking area update procedure.
2.2 Handover from 3GPP EUTRAN to WiMAX

Handover between 3GPP access to WiMAX is a two step process. In order to optimize the network attach latencies, the UE does pre-authentication and pre-registration in the target WiMAX network while still attached to the serving 3GPP access network. Signaling to the target WiMAX access network, i.e ASN-GW is tunnelled via the S101 interface. This is refered to as the preparation phase. The second step of  the handover is the execution phase where the UE is commanded to do the HO or indicates that it is initiating HO to the network and the associated signaling.

The handover from EUTRAN to WiMAX is shown in the figures below:

Pre-registration: 
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Figure 4 WiMAX Pre-registration via EUTRAN and S101
1. The UE is attached in the EUTRAN and may have an active ongoing data session

2. The UE makes a decision to pre-register in the target WiMAX network. The pre-registration procedure allows the UE to establish and maintain a dormant session in the target WiMAX network, while attached to the EUTRAN/MME.

3. The UE initiates network entry procedure. It sends an SBC_REQ message encapsulated in RRC to the eNb. The eNb forwards it to the serving MME while including the sector ID.

4. The MME is configured with the address of the target ASN-GW (based on the sector ID from which it received the SBC_REQ, it can map it to a target ASN-GW), The MME forwards the SBC_REQ messages via the S101 interface to the target ASN-GW.

5. The ASN-GW which receives an SBC_REQ message via the S101 interface converts it to the MS Pre-attachment request message (which it normally receives from a WiMAX BS during network attach procedure). The ASN-GW processes the message and sends the MS-Pre-attachment response message. This message is converted to SBC_RSP prior to sending it over the S101 interface.

6. The SBC_RSP message is sent back to the serving MME of the UE which forwards the message to eNb.

7. The eNB serving the UE sends the SBC_RSP as an RRC encapsulated message.

8. The UE then initiates PKMv2 signaling with the ASN-GW/AAA for authentication and authorization.  On succesful completion of PKMv2 the UE has the necessary keys

9. The UE sends a Reg_Req via the eNb, MME to the ASN-GW. The ASN-GW which receives the Reg_Req message over S101 generates an Attach_Req which is processed locally. 

10. The ASN-GW sends an Attach_rsp which is converted to Reg_Rsp before sending it over the S101 interface. The MME delivers the Reg_Rsp to the UE via the eNB.

11. The ASN-GW triggers the establishment of the initial service flow to the UE. DSA-Req/Rsp messages between the UE and WiMAX access network are exchanged. 

Handovers can be of either two types:

1. Uncontrolled handovers – As specified in WiMAX an uncontrolled HO is one in which the UE performs contention based ranging at the target ASN which did not have any handover preparation phase signaling.

2. Controlled handover – Is the process in which the target network is prepared for the UEs handover to the network. In this document the network initiated handover mechanism specified in WiMAX NWG specifications (Rel 1) is proposed.

Preparation phase in the case of a controlled handover:

The figure below shows the handover preparation phase signaling when the UE is attached to the EUTRAN and is in the process of being handed over to a WiMAX access network.
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Figure 5 HO Preparation phase (Network initiated)
12. The UE is attached to the EUTRAN and has an active data session

13. The EUTRAN decides to initiate a HO of the UE to the WiMAX network

14. The MME sends a message initiating the HO via the S101 interface to the target ASN. The ASG-GW which receives this message from the MME maps this to a HO_REQ message specified in WiMAX for handovers.

15. The target ASN does the context retrieval for the UE from an authenticator ASN

16. The ASN does the data path pre-registration

17. The ASN sends the HO_RSP to the MME via the S101 interface

18. The MME sends an emulated MOB_BSHO_REQ (802.16 MAC message) to the UE including the parameters of the target BSIDs.

Handover Execution Phase: 
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Figure 6 Handover execution phase between EUTRAN and WiMAX (Network Initiated)
19. The UE is attached to the EUTRAN and has an active data session.

20. The EUTRAN/MME commands the UE to handover to the WiMAX network

21. The UE performs network entry procedure with the target ASN

22. The target ASN obtains the context from the authenticator ASN. If the Authenticator ID was included in the HO_Req message and AK context was not obtained during the Handover Preparation phase, the Target ASN requests AK context for the MS by initiating a Context Request procedure with the Authenticator ASN
23. The target ASN initiates the data-path registration procedure. 

24. Target ASN initiates CMAC Key Count Update procedure a Authenticator ASN with the latest CMAC Key Count value which is received from the MS.
25. A HO_Complete message is sent via the S101 interface to the MME.

26. The ASN_GW in the target WiMAX ASN sends a PMIP6 Proxy binding update to the PDN-GW and receives a successful Proxy binding Ack.

27. Uplink and downlink packet flow is restored via the WiMAX BS and ASN-GW.
3 Conclusion 

The above description presents a WiMAX interworking solution based on already agreed 3GPP EPS interfaces. Depending on how the discussion on requirements and on essential content of Rel-8 SAE evolves in the future, it is proposed to consider this solution when the interworking with WiMAX networks is discussed in 3GPP. 
The optimized networking solutions including this one and the ones presented at earlier SA meetings require changes in the WiMAX networks as well. Therefore before agreeing in any of the solution it is also proposed to ask WMF opinion and commitment on the potential solutions.
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