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1. Introduction
802.21 Draft Standard 1.0 [1] defines MIHF functions to facilitate the heterogeneous handovers which may cover the handovers between IEEE802 family and 3GPP/PP2. Annex A-1 in [1] illustrates the usage of MIH services in the handover from 802.11 to 3GPP2. Some media specific mappings between MIH and 3GPP2 are illustrated in the handover procedures. 

This proposal includes example handover procedures between 802.11 and 802.16 Access Networks (AN).  The intention of this proposal is to help readers to further understand the usage of MIH services and media specific mappings between MIH and 802.11/802.16. 

The implementation of MIH services is out of the scope of IEEE 802.21WG. In this proposal, we just consider a few simple use cases to illustrate the usage of MIH Services in 802.11/802.16 handover scenarios. The proposed procedure does not imply any implementation specific solutions.  
1.1 Assumptions
1. The coverage area of an 802.16 WMAN BS(or RAS) is larger than that of 802.11 AP.
2. The terminal is multi-mode with 802.11 and 802.16 MAC functions, as well as MIH function.

3. The handover is Mobile Terminal initiated and Mobile Terminal decided. Other cases e.g. network initiated cases may be extended similarly.

4. MIIS Server in the home network is shown in the flow charts; MIIS Server in the visiting network is not shown. The deployment and communication between MIIS servers is implementation specific and not in the scope of this proposal.
5. MIH POA may be deployed in AP or AR or other physical entities in 802.11 AN; similarly it may be deployed in BS or AR in 802.16 AN. The MIH POAs shown in the flow charts are only logical entities.
6. For media dependent SAP in Multi-Mode Terminal (MMT), C_SAP and MLME_SAP is used to WMAN and WLAN, respectively.
1.2 Handover Scenarios
For simplicity but without losing generality, we assume that the 802.11 and 802.16 networks are fully overlapped or partially overlapped.

1. Handover from 802.11 WLAN to 802.16 WMAN

MMT is connected to WLAN AN, with only one interface active. WiBro interface is power-off, or in power-saving mode. When MMT goes out of the coverage area of WLAN hot-spot, the WLAN link drops and it connects to WMAN BS while maintaining the session.
2. Handover from 802.16 WMAN to 802.11 WLAN

 MMT is connected to WMAN BS, with only one interface active. WLAN interface is power-off, or in sleep mode, or in power-saving mode. When MMT detects that there is WLAN networks, it switches to the WLAN networks. Here it is assumed that WLAN interface is preferred, for example, because its cost might be lower than WMAN.
1.3 Handover Procedures
The proposed flow charts illustrate the useage of MIH Services with MIP  in Section 3.1 and 3.2
1.4 Notes on the Example Procedures
1. The MIH Functions shown:
The handover flow charts for illustrative purpose

Basic set of messages and primitives of MIES, MICS and MIIS
2. The MIH Functions not included, but also key to the implementations:
MIH Management Procedures: Registration, Deregistration, etc.

Procedures regarding MIH configuration (e.g., MIH configure) and bootstrapping (e.g., Capability Discovery).
Transport of MIH messages is simplified; only messages are shown.
Failure cases

Some Link Specific Amendments to 802.11 and 802.16 because some std work is still on-going.
MIH User in the network side not shown

2. References
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[3] IEEE 802.21 DCN: 21-06-0524-01-0000-802_16_Parameter_Effects_on_Handover_Performance.ppt
3. Proposed Amendments to the Draft Standard
ANNEX A-x Example Handover Procedures between 802.11 and 802.16 based on MIP
3.1. Handover from 802.11 to 802.16

The following figure shows an example handover procedure from 802.11 to 802.16 AN:
1) The multi-mode MN is associated to an 802.11 AP and there is currently a session established through the corresponding Home Agent (e.g., old AR).
2) An IEEE 802.21 Link Parameter change event is triggered due to e.g., undesirable radio conditions. The MIH also notifies the local MIH User by MIH Link Parameter Report. 
3) Upon receipt of the events, the MIH User may contact the MIH Information Server. Here we assumed that MIH Capability Discovery procedure has been performed at the initial stage. By Query/Response, the MIH user may get the general network information, access network information, POA specific information and higher layer information. 
4) When the MN continues to go out of the coverage area of WLAN area, a Link Going Down event is triggered due to the drop of the signal quality. 

5) MIH User detects the neighboring network by scanning. The detection procedure may be optimized by the heterogeneous information obtained from Information Server. 

6) The MIH user selects candidate BS based on the detected neighbors. How this is done is out of scope of the 802.21 specification.
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7) The MIH user may use a Handover Prepare message to request resource from 802.16 networks. 

8) Based on the available information, MIH user makes the intelligent handover decision which may include not only the PHY layer info from the scan process, but also higher layer information from Information Server and resource reservation results.
9) The MIH User issues an MIH Switch.Request toward its local MIH Function to initiate the establishment of the 802.16 connection. Media specific primitive and messages are shown in the figure.  

10) Once the registration is performed, 802.16 MAC issues a Link Up indication (i.e., C_NEM_REQ in the 802.16g mapped primitive). MIH Switch confirmation primitive is returned to MIH User. Or the Link Up indication may be passed to MIH User.
11) MIH User starts to configure IP address.
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12) When L2 and L3 configuration are ready, MIH User issues Handover Commit to execute the handover. This command may be internal message in MIH user to initiate MIP registration. MIH sends a Handover Indication to complete the L2 handover. Upon the receipt of the Link Handover Complete indication, MIH User (MIP) start the MIP registration procedure by sending out Binding update message to HA.
13) When the Handover Complete procedure is used to tear down the old connection. In WLAN network, WLAN AP performs Disassociation to do so.

14) The session is now transferred toward the 802.16 link.
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3.2. Handover from 802.16 to 802.11
The following figure shows an example handover procedure from 802.16 to 802.11 AN:

1) The multi-mode MN is associated to an 802.16 BS and there is currently a session established through the corresponding Home Agent (e.g., old ACR).

2) An IEEE 802.21 Link Parameter change event is triggered due to e.g., undesirable radio conditions. The MIH also notifies the local MIH User by MIH Link Parameter Report. 

3) Upon receipt of the events, the MIH User may contact the MIH Information Server. Here we assumed that MIH Capability Discovery procedure has been performed at the initial stage. By Query/Response, the MIH user may get the general network information, access network information, POA specific information and higher layer information. 

4) When the MN continues to go out of the coverage area of WiBro area, a Link Going Down event is triggered due to the drop of the signal quality. This may be possible in partial overlapped environments rather than in fully overlapped environments.
5) MIH User detects the neighboring network by scanning. The detection procedure may be optimized by the heterogeneous information obtained from Information Server. 

6) The MIH user selects candidate AP based on the detected neighbors. How this is done is out of scope of the 802.21 specification.
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7) The MIH user may use a Handover Prepare message to request resource from 802.11 networks. 

8) Based on the available information, MIH user makes the intelligent handover decision which may include not only the PHY layer info from the scan process, but also higher layer information from Information Server and resource reservation results.

9) The MIH User issues an MIH Switch.Request toward its local MIH Function to initiate the establishment of the 802.11 connection. Media specific primitive and messages are shown in the figure.  

10) Once the registration is performed, 802.16 MAC issues a Link Up indication (i.e., MLME_Authenticate and MLME_Associate in the 802.11 mapped primitive). MIH Switch confirmation primitive is returned to MIH User. Or the Link Up indication may be passed to MIH User.

11) MIH User starts to configure IP address.
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12) When L2 and L3 configuration are ready, MIH User issues Handover Commit to execute the handover. This command may be internal message in MIH user to initiate MIP registration. MIH sends a Handover Indication to complete the L2 handover. Upon the receipt of the Link Handover Complete indication, MIH User (MIP) start the MIP registration procedure by sending out Binding update message to HA.

13) When the Handover Complete procedure is used to tear down the old connection. In WiBro network, WiBro RAS performs Disassociation to do so.

14) The session is now transferred toward the 802.11 link.
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