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This paper proposes a means for inter-working LTE and Wi-MAX access systems and means of mobility management and handover.
1 Introduction
In S2-060910, WiMAX sent an LS to SA2 mentioning that the WiMAX NWG is considering WiMAX inter-working with 3GPP compliant with 3GPP I-WLAN framework. WiMAX requested SA2 to clarify if that were the best way to proceed. WiMAX also wanted to bring to the attention of SA2 and SA3 that WiMAX  can be treated as a trusted AN in the I-WLAN framework thus simplifying some inter-working solution components.

A reply LS was drafted in S2-061218 that the issue on WiMAX being a trusted network is to be answered by SA3 and that SAE is the most suitable work item to address inter-working requirements including service continuity between 3GPP access systems and WiMAX (as well as other Non-3GPP) access networks.
In this paper, we address an inter-working scenario between LTE and WiMAX access systems and discuss a possible alternative for mobility management between the two access systems

2 WiMAX Reference Model

The WiMAX NWG Stage 2 draft describes the following network reference model as shown in Figure 1. The ASN reference model including the components and reference points in the ASN are shown in Figure 2. The CSN consists on an Inter Working Function or an Inter Working Unit that enables inter-working of WiMAX with other networks including Greenfield networks as well as incumbent networks like 3GPP.
[image: image1.emf]
Figure 1: WiMAX Network Reference Model
[image: image2.emf]
Figure 2: ASN Reference Model

3 LTE Inter-working with WiMAX: Alternative 1
We utilize the IWU in the Wi-MAX CSN to enable Wi-MAX inter-working with 3GPP-LTE. The LTE architecture including WiMAX access systems is shown in Figure 3. The S2 reference point could exist between the Inter AS Anchor and the CSN or with the Inter AS Anchor and the ASN gateway which has the MIP FA functionality. The S12 reference point exists between the IWU and the SAE MME/UPE. It is noted that the WiMAX NWG Stage 2 draft already defines an inter-face between the IWU and WAG of the I-WLAN to enable inter-working of WiMAX with Pre-SAE/LTE 3GPP Access systems for compliance with 3GPP-I-WLAN inter-working. 
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Figure 3: LTE Architecture for Inter-Working with WiMAX: Alternative 1
Wi-MAX defines 3 profiles, namely- Profile A, Profile B and Profile C. In Profile A, the RRC functions are present in the ASN gateway and in Profile C, the RRC functions are present in the BS. In Profile B, the BS and ASN gateway are co-located in a single unit. In this paper, we consider Profiles A and C.
4 Mobility between LTE and WiMAX: Alternative 1

 We present the mobility management between 3GPP-LTE and Wi-MAX for Profiles A and C. To apply the solution to profile B the RAN and gateway for the Wi-MAX system need to be merged into a single node in Figure 4.
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Figure 4: Handover between LTE and WiMAX: Alternative 1
The description of the flows in Figure 4 is as follows: In Figure 4, the CP/UP gateway is the SAE MME/UPE for LTE and WiMAX ASN Gateway for WiMAX. 
Steps 1-2 are similar to the LTE-3GPP handover messages
Steps 3-4: The Source CP/UP gateway forwards the handover request to the IWU, which, in turn, converts the messages of the source access system according to the target access system
Step 5: The means to support backward handover includes reservation of resources or any other message transfer that enables optimization of the HO interruption time

Step 6.a: Since the UE IP address changes in the target access system, the IP address can be allocated to the UE before the handover. This step is FFS

Step 6.b: The means to minimize loss of data to provide lossless handover is also FFS
Step 7: This includes L2 attachment and exchange of Initial L3 message if needed. This step can also be optimized according to the procedures performed in Step 5.
Step 8.a and 8.b: WiMAX currently specifies both CMIP as well as PMIP. Depending on the alternative used, one of Step 8.a or step 8.b is executed

5 LTE Inter-working with WiMAX: Alternative 2

We now consider the case when the SAE/LTE Evolved packet core (EPC) forms the CSN of the WiMAX network. In this case, The S12 interface mentioned in Section 3 would not exist and so would the S2 interface between the WiMAX network and the Inter AS Anchor. The reference point between the Evolved packet core and the WiMAX ASN gateway would be the R3 reference point. 
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Figure 5: LTE Architecture for Inter-Working with WiMAX: Alternative 2
Wi-MAX defines 3 profiles, namely- Profile A, Profile B and Profile C. In Profile A, the RRC functions are present in the ASN gateway and in Profile C, the RRC functions are present in the BS. In Profile B, the BS and ASN gateway are co-located in a single unit. In this paper, we consider Profiles A and C.

6 Mobility from LTE to WiMAX: Alternative 2

 We present the mobility management between 3GPP-LTE and Wi-MAX for Profiles A and C. To apply the solution to profile B the RAN and gateway for the Wi-MAX system need to be merged into a single node in Figure 4. 
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Figure 6: Handover from LTE to WiMAX: Alternative 2
The description of the flows in Figure 6 is as follows: 

Steps 1-2 are similar to the LTE-3GPP handover messages

Steps 3-4: The MME/UPE gateway forwards the handover request to the WiMAX ASN gateway. The WiMAX ASN gateway can optionally prepare the target BS for the HO. These steps are FFS
Step 5.a: Since the UE IP address changes in the target access system, the IP address can be allocated to the UE before the handover. This step is FFS

Step 5.b: The means to minimize loss of data to provide lossless handover is also FFS

Step 6: This includes L2 attachment and exchange of Initial L3 message with the WiMAX ASN if needed. This step can also be optimized according to the procedures performed in Step 4, 5.a.

Step 7.a and 7.b: WiMAX currently specifies both CMIP as well as PMIP. Depending on the alternative used, one of Step 7.a or step 7.b is executed

7 Mobility from WiMAX to LTE: Alternative 2
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Figure 7: Handover from WiMAX to LTE: Alternative 2

The description of the flows in Figure 7 is as follows: 

Steps 1-2 are similar to the any L2 handover procedures
Steps 3-4: The WiMAX ASN gateway forwards the handover request to the SAE MME/UPE. The SAE MME/UPE can optionally prepare the target evolved RAN for the HO. These steps are FFS

Step 5.a: Since the UE IP address changes in the target access system, the IP address can be allocated to the UE before the handover. This step is FFS

Step 5.b: The means to minimize loss of data to provide lossless handover is also FFS

Step 6: This includes L2 attachment and exchange of Initial L3 message with the SAE MME/UPE if needed. This step can also be optimized according to the procedures performed in Step 4, 5.a.

Step 7.a and 7.b: The de-registration with the home network can be client based or network based. Depending on the alternative used, one of Step 7.a or step 7.b is executed
It is proposed to add the following text to the TR 23.882
**** Start of changes 1****
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Figure E.x1: LTE Architecture for Inter-Working with WiMAX: Alternative 1
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We present the mobility management between 3GPP-LTE and Wi-MAX for Profiles A and C. To apply the solution to profile B the RAN and gateway for the Wi-MAX system need to be merged into a single node in E.X2.
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Figure E.X2: Handover between LTE and WiMAX: Alternative 1

The description of the flows in E.X2 is as follows: In E.X2, the CP/UP gateway is the SAE MME/UPE for LTE and WiMAX ASN Gateway for WiMAX. 

Steps 1-2 are similar to the LTE-3GPP handover messages

Steps 3-4: The Source CP/UP gateway forwards the handover request to the IWU, which, in turn, converts the messages of the source access system according to the target access system

Step 5: The means to support backward handover includes reservation of resources or any other message transfer that enables optimization of the HO interruption time

Step 6.a: Since the UE IP address changes in the target access system, the IP address can be allocated to the UE before the handover. This step is FFS

Step 6.b: The means to minimize loss of data to provide lossless handover is also FFS

Step 7: This includes L2 attachment and exchange of Initial L3 message if needed. This step can also be optimized according to the procedures performed in Step 5.

Step 8.a and 8.b: WiMAX currently specifies both CMIP as well as PMIP. Depending on the alternative used, one of Step 8.a or step 8.b is executed

**** End of changes 1****
**** Start of changes 2****
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Figure E.X3: LTE Architecture for Inter-Working with WiMAX: Alternative 2
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Figure E.X4: Handover from LTE to WiMAX: Alternative 2

The description of the flows in E.X4 is as follows: 

Steps 1-2 are similar to the LTE-3GPP handover messages

Steps 3-4: The MME/UPE gateway forwards the handover request to the WiMAX ASN gateway. The WiMAX ASN gateway can optionally prepare the target BS for the HO. These steps are FFS

Step 5.a: Since the UE IP address changes in the target access system, the IP address can be allocated to the UE before the handover. This step is FFS

Step 5.b: The means to minimize loss of data to provide lossless handover is also FFS

Step 6: This includes L2 attachment and exchange of Initial L3 message with the WiMAX ASN if needed. This step can also be optimized according to the procedures performed in Step 4, 5.a.

Step 7.a and 7.b: WiMAX currently specifies both CMIP as well as PMIP. Depending on the alternative used, one of Step 7.a or step 7.b is executed
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Figure E.X5: Handover from WiMAX to LTE: Alternative 2

The description of the flows in E.X5 is as follows: 

Steps 1-2 are similar to the any L2 handover procedures

Steps 3-4: The WiMAX ASN gateway forwards the handover request to the SAE MME/UPE. The SAE MME/UPE can optionally prepare the target evolved RAN for the HO. These steps are FFS

Step 5.a: Since the UE IP address changes in the target access system, the IP address can be allocated to the UE before the handover. This step is FFS

Step 5.b: The means to minimize loss of data to provide lossless handover is also FFS

Step 6: This includes L2 attachment and exchange of Initial L3 message with the SAE MME/UPE if needed. This step can also be optimized according to the procedures performed in Step 4, 5.a.

Step 7.a and 7.b: The de-registration with the home network can be client based or network based. Depending on the alternative used, one of Step 7.a or step 7.b is executed

**** End of changes 2****
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