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5 General Architecture

5.1 Introduction

The IEEE 802.21 specification is intended to facilitate a variety of handover methods. Such methods are generally classified as “hard” or “soft”, depending on whether the handover procedure is “break before make” or “make before break” with respect to the data transport facilities that support the exchange of data packets between the mobile node and the network.

The handover execution involves cooperative use of the mobile terminal and the network infrastructure in order to satisfy both network-operator and end-user needs. Although communication system elements whose specification does not fall within the scope of the IEEE 802.21 standard may generally be responsible for handling handover control, handover policies, and other aspects of handover decision making, the inclusion of their description in the IEEE 802.21 specification proves highly beneficial to the comprehension of the role and purpose of MIH-specific elements such as the Media Independent Event Service (MIES), the Media-Independent Command Service (MICS), the Media-Independent Information Service (MIIS), and the Media Independent Handover Function (MIHF).
The following subsections offer an overview of the factors involved in the making of the handover decision.
5.1.1 Service Continuity

Handovers may occur either between two different access networks or between two different points of attachment in the same access network. In both cases service continuity is defined as the transparent maintenance of an active service while the mobile node transitions across points of attachment. The transparency of the definition refers to the exclusion of any user intervention to obtain the preservation of the service activity, which requires the minimization of break time and data losses during the handover. Although the user may notice the change of access network (e.g., through changes in service quallity caused by differences in the capabilities of the two access networks), the support of service continuity prevents the user from having to re-establish the service at the end of the transition. If the service quality supported by the new access network does not satisfy pre-defined minimum requirements, the conditions for service continuity may cease to exist. In such a case, applicable policies may determine that the execution of the handover be aborted or the current session terminate after the handover completion. This specification contains provisions that are essential to enabling service continuity.
5.1.2 Application Class
Different applications present different tolerance to delay and data loss. The inclusion in the handover policies of application-specific characteristics such as delay and data-loss tolerance enables application-aware handover decisions. The quality of a voice call, for example, is highly sensitive to delay variations and packet losses: to minimize the quality degradation caused by the transition between different points of attachment, the execution of a pending handover can be delayed until a pause phase in the ongoing conversation is detected. 

5.1.3 Quality of Service (QoS)
The QoS capabilities of the networks surrounding the MN typically influence the handover decision. In an effort to maintain the level of user experience, it is preferrable for the user to remain attached to the network with the most appropriate QoS support for its service expectations. Hence as part of enabling seamless handover operations, the IEEE 802.21 standard must specify the means by which QoS-related information can be retrieved for each of the supported access networks and then made available to the makers of the handover decision.
5.1.4 Network Discovery

Network discovery maintains the set of access network options that are available for network selection.The IEEE 802.21 specification defines the information elements to be maintained for discovered networks (network information) and specifies the means by which such information can be collected and made available to the network selector. Link type, link identifier, link availability, and link quality are examples of network information elements.
5.1.5 Network Selection

Network selection is the continuous process of selecting the most appropriate network for any type of user operation at any given time. A handover may be required when the preferred network does not coincide with the currently used network. The network selection can be based on various criteria, such as required QoS, cost, user preferences, policies, etc. The IEEE 802.21 standard specifies means by which information associated with the selection criteria can be made available to the network selector. 

5.1.6 Security

Event notifications, commands, and information messages carried between a Mobile Terminal (MT) and a network Point of Attachment (PoA) cannot be secured until the MT is securely associated with the network PoA. This security association can be achieved via security mechanisms that may reside at different layers of the protocol stack. Once the secure association has been established between the MT and the network PoA, any messages exchanged between two remote MIH Function entities should retain integrity and be replay-protected over a secure transport. Otherwise the exchanged MIH messages remain prone to integrity, replay, and man-in-the-middle attacks. The IEEE 802.21 standard may specify the means by which security information is made available to the protocol entities that setup the secure connections.
5.1.7 Power Management

The IEEE 802.21 specification provides for information that helps preserve battery life. For example, real-time link status information and neighbor maps of different networks respectively enable more efficient “sleep modes”and network scanning.
5.1.8 Handovers Due to Mobile Terminal Movement

The difference of Mobile Terminal speeds relative to different network points of attachment can be a cause of handover. Real-time information on link conditions and overlay micro-cells and macro-cells facilitates the handover decision in such a case.

5.1.9 Handover Policy

The primary role of the MIH Function is to facilitate handoffs and provide link-layer intelligence to the mobility management entity (network selector) that is responsible for the handover decision. The network selector utilizes the services of the MIH Function to retrieve all the elements of information that are relevant to the handover decision. The handover policies are the rules by which the network selector combines the information elements to complete the handover decision. The specification of both the network selector and the handover policies pertains to proprietary implementations and is outside the scope of the IEEE 802.21 standard. 
The MIH Function (MIHF) provides convergence of link-layer state information from multiple heterogeneous access technologies into a unified presentation to the upper layers of the mobility-management protocol stack. The MIHF includes support for the following services to enhance handovers between heterogeneous access links: 

· The Media Independent Event Service (MIES) provides event classification, event filtering, and event reporting in association with dynamic changes in link characteristics, link status, and link quality.

· The Media Independent Command Service (MICS) enables the MIH user to manage and control link status that is relevant to handovers and mobility. 
· The Media Independent Information Service (MIIS) provides details on the characteristics and services provided by the serving and surrounding networks. This information enables effective system access and handover decisions.

· 
5.2 General Design Principles

The IEEE 802.21 standard is based on the following general design principles.

· The Media Independent Handover (MIH) Function is logically defined as a shim layer in the mobility-management protocol stack of both the mobile node and the network elements that provide mobility support. MIH is a helper and facilitator in the handover decision-making. Upper layers can make handover decisions and link selection based on inputs and context from MIH. Facilitating the recognition that a handover should take place is one of the key goals of the MIH Function. Discovery of information on how to make effective handover decisions is also a key component.
· The MIH Function provides abstracted services to the upper layers of the mobility-management protocol stack on a unified interface. The service primitives exposed by this unified interface are independent of the technology-specific protocol entities of the different access networks. The MIH Function communicates with the lower layers of the mobility-management protocol stack through technology-specific interfaces. The specification of the MIH interfaces with the lower layers generally does not fall within the scope of this standard. Such interfaces are already specified as service access points (SAPs) within the standards and technical recommendations that pertain to the respective access technologies, such as IEEE 802.2, IEEE 802.3, IEEE 802.11, IEEE 802.16, 3GPP, and 3GPP2. This standard may contain recommendations to amend the existing access technology specific standards when modifications of the lower-layer interfaces may enable or enhance MIH functionality. 
· Handover signaling (as part of handover execution and subsequent updates) may not be part of the standard. Different networks support different intra-roaming handover mechanisms (mobile initiated, network initiated, etc.). The introduction of a handover initiation trigger may be useful in heterogeneous handovers when a similar trigger is not already available for homogeneous handovers in either access technology involved. 
· The MIH Function may perform further process upon receipt of certain MAC/PHY triggers and occurrence of other handover-related events. Definition of this processing is outside the scope of the IEEE 802.21 standard. The standard shall provide support for the notification of Remote Events as well. Notification of some of these events may be conveyed in messages related to network selection (such as Link Going Down) that are exchanged between remote MIH entities. Events are advisory in nature. The definition of the impact of such events on the handover decision is outside the scope of the standard.

· The standard shall specify mechanisms to support both network-initiated and MN-initiated handovers. 
· The standard should support transparent inter-working with legacy equipment. Thus IEEE 802.21-compatible equipment should be able to co-exist with legacy non IEEE802.21 compliant equipment.
5.3 Media Independent Handover Reference Architecture

The following sections describe the key salient points with regards to communication between different MIH entities in the client device and the network.

5.3.1 Logical Network Reference Model

The network reference model shown in Figure 2 includes an MIH-capable mobile node (or UE, for User Equipment) that supports multiple access-technology options. Each access technology either advertises its MIH capability or responds to MIH terminal queries.

On the network side, the location of the MIH-capable nodes is not deterministic and may vary even within the same access technology. The MIH functionality may reside in the network point of attachment such as an AP or BS, but alternatively even deeper inside the access or core portions of the technology-specific network. Event-service triggers can originate at both sides of an active link. However, the UE is typically the first node to react to link-state change events. The overall mobility management architecture may include Mobile IP infrastructure (client, FA, HA, H-AAA), SIP mobility infrastructure (client, SIP servers) or reflect other mobility schemes.
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Figure 2: Logical Network Reference Model 

5.3.2 Relation between MIH Function in Terminal and MIH Function in Network

The relation between different peer MIH Functional entities depends on the scenario and the MIH service under consideration. For MICS and MIES, the MIH Function in the terminal communicates with one and only one MIH Function for a single access network. This MIH Function in the access network may be termed as the front end MIH Function for that access network. This is true for both L2 and L3 mode of transport when the mobile terminal may be connected through one single access network. The front-end MIH Function may communicate with other MIH Functions in the network to provide CS and ES. However this communication is not visible to the MIH Function within the terminal. MIH Function in the terminal talks to one and only one MIH Function in the network for each of the given access networks. The MIH Function in the network may talk to other MIH Functions in the network.

In case of multiple active links supported through multiple access networks, the MIH Function in the terminal may communicate with one MIH Function for each access network (or a single MIH Function when applicable, e.g. L3 transport in tight coupling scenarios where one MIH Function serves multiple accesses in a domain).
5.3.3 MIHF- MIHF Communication in the Network

The communication between MIH Functional entities on the network side also depends on where the MIH Function entities reside and the type of scenario. When MIH Function is in the access network (e.g. MIHF logically located at AP or BS), L2 or L3 transport can be used over access. For network controlled or coordinated handovers (i.e. cases where network decides where/when to handover), the source MIHF can send messages to destination MIHF to inform of imminent handovers to allow the destination MIHF to begin “preparation”. Examples of such preparation may include checking availability of appropriate resources including acceptable QoS levels at new PoA, procuring an IP address for the mobile station, etc. 

Also possible are scenarios where the MIH Function (e.g. in AP) communicates with MIH Function e.g. in an AR. This type of communication includes events such as Link Up, Link Down, etc. This is in line with the architectural view described in the various Media Independent Handover Reference Models. Thus the MIH Command Service, Information Service and Event Service messages can be exchanged remotely only between two MIH functions. This following section describes the impact of IEEE 802.21 on reference model of different media specific technologies.

5.4 MIH Function Services

The MIH Function provides asynchronous and synchronous services through well-defined SAPs for lower layers and upper layers. In the case of a system with multiple network interfaces of arbitrary type, the L3MP can use the Event service, Command service and Information service provided by MIH to manage, determine, and control the state of the underlying interfaces. 

These services provided by MIH help the L3MP and other protocols in maintaining service continuity, service adaptation to varying quality of service, battery life conservation, and network discovery and link selection. In a system containing heterogeneous network interfaces of 802 types and cellular 3GPP, 3GPP2 types, the Media Independent Handover Function can help the L3MP to implement effective procedures to couple services across heterogeneous network interfaces. Such L3MP procedures may utilize services provided by the MIH Function across different entities to query and reserve resources required for a handover operation between heterogeneous networks.

MIH services in mobile devices facilitate seamless handover between heterogeneous networks. A higher layer mobility protocol such as Mobile IP could be supported for handover and seamless session continuity. This shall not preclude other protocols in addition to Mobile IP and even other upper layers from making use of MIH services to optimize handovers.

Mobile terminals employing the MIH services would receive indications from lower layers for asynchronous operations like Event service. The interaction with Command service and Information service will be through synchronous query and response type of mechanisms. 

The MIH Function would also provide the functionality for the exchange of information between the network and host entities of the same media type. Note, if mechanism for such information exchange already exists with a given type of media (such as with some cellular media types), the MIH Function will make use of the existing mechanism whenever possible. 
5.4.1 Media Independent Event Service

The Media Independent Event service supports local events as well as remote events if the remote node(s) is of the same media type. In case of local events information typically propagates upwards from the L2 data link (MAC, Radio Link etc) to the MIH or layer-3 mobility protocol (L3MP) within a local stack. In case of remote events information may propagate from MIH or a L3MP in one stack to MIH or a L3MP in another stack. The two stacks may be present at the two ends of a link and thus may be connected directly through a medium (wired or wireless). One of the above local stacks may be present in a client or mobile terminal type of device while the other may be present in a network point of attachment type of device such as an AP or a BS. Note, remote events between two stacks of different media types (e.g., between an 802.11 mobile terminal and a UMST BS) are not supported since a link between such two stacks are impossible. Events can indicate changes in state and transmission behavior of the L2 data links (functions such as MAC, Radio resource management etc depending upon the L2 access link technology) and or predict state changes of the data link layers. Events can also be used to indicate management actions or commands on part of network or some such management entity.


The event service will typically be used to facilitate handover detection within the L3MP. For example an indication that the link will cease to carry MAC SDUs at some point in the near future may be used by the L3MP to prepare a new point of attachment ahead of the current point of attachment ceasing to carry frames. This has the potential to reduce the time taken to hand over between attachment points. 

Events defined include Link Up, Link Down, Link Parameters Change, Link Going Down, L2SDU Transmission Status, Link Event Rollback, Pre trigger (L2 Handoff Imminent), etc.

Events can originate from the L2 data link (MAC, functions such as MAC, Radio resource management etc depending upon the L2 access link technology) the PHY or the MIH Function. The destination of any event may be the MIH Function within the local stack, the MIH Function of the remote stack at the other end of the link, or both. The destination of events is established dynamically with a registration mechanism that enables an endpoint to register its interest in particular event types.

Events may carry additional context data. For example a Link Up event may carry information including but not limited to by any means about layer 2 & layer 3 identification, identifier of serving entities where these identifiers can be acquired, or IP address renewal indication which can inform the MIH or L3MP whether L3MP needs to initiate handover. This enables a mobile station to determine whether or not a handover has necessitated a layer 3 handover, immediately at the time of attachment. This can serve to improve the performance of layer 3 handovers.

5.4.2 Media Independent Command Service

The command service refers to the commands sent from the higher layers to the lower layers in the reference model. It includes the commands from upper layer to MIH (e.g. upper layer mobility protocol to MIH, or policy engine to MIH, etc), and from MIH to lower layer (e.g. MIH to MAC, or MIH to PHY). Commands can also be sent from a local MIH entity to a peer MIH entity. These commands mainly carry the upper layer decisions to the lower layers on local device entity or at remote entity, and thus control the behavior of lower layers.

The full set of the commands that could be supported from upper layer to MIH shall be defined in this specification. A minimum set of command services that are provided by the L2 data link (MAC, functions such as MAC, Radio Resource Management etc. depending upon the L2 access link technology) and PHY should be defined in this specification.
5.4.3 Media Independent Information Service

Media Independent Information Service (MIIS) provides a framework and corresponding mechanisms   by which a MIHF (Media Independent Handover Function) entity can discover and obtain network information existing within a geographical area to facilitate the handovers.  MIIS primarily provides a set of information elements (IEs), the information structure and its representation and a query/response type of mechanism for information transfer. This contrasts with the asynchronous push model of information transfer for the event service. The information may be stored within the MIH functional (MIHF) entity or maybe present in some information server from where the MIH in the station can access it. The definition of the information server and the mechanism to access it are out of scope. 

The information can be made available via both lower as well as higher layers.  Information can be made available at L2 through both a secure and an insecure port. Information available through insecure port would typically be less sensitive and would allow the mobile terminal to make a quick handover decision before incurring the overhead of authentication and establishing a secure L2 connection with the network. In certain scenarios L2 information may not be available or sufficient to make intelligent handover decision. In such cases, higher layer information service is required. The capability of such network information service can be obtained via schema access. The structure and definition of a schema can be represented in a high level language such as XML. However the transport and security of this information are outside the scope of IEEE 802.21.

The Information service also provides access to static information such as neighbor reports. This information helps in network discovery. The service may also provide access to dynamic information, which may optimize link layer connectivity with different networks. This could include link layer parameters such as channel information, MAC addresses, security information, etc. Information about available higher layer services in a network may also help in more effective handover decision making before the mobile terminal actually attaches to any particular network.

While selecting for an appropriate syntax for information exchange it is desired that:

· the information exchange should be done fast

· the overhead in exchange of information should be as less as possible

· the extraction of the information at the terminal should not include high computational complexity

The information provided by Information service conforms to structure and semantics specified within 802.21. The Media Independent Information service specifies a common (or media independent) way of representing this information across different technologies by using a standardized format such as XML or ASN.1

MIIS provides the ability to access this information about all heterogeneous networks in a geographical area from any single L2 network, depending on how the 802.21 MIIS service is implemented. MIIS either relies on existing access media specific transports and security mechanisms or L3 transport and L3 security mechanisms to provide access to the information. How this information is developed and deployed in a given L2 network is outside the scope of the standard. A media independent neighbor graph may be abstracted obtaining the neighbor reports from media specific technology, however, the generation and maintenance of this media independent neighbor graph is out of scope of 802.21. Typically, in a heterogeneous network composed of multiple media types, it is the handover decision module or higher layer mobility management will collect information from different media types and assemble a consolidated view to facilitate its inter-media handover decision.

Some networks such as the cellular networks already have an existing means of detecting a list of neighborhood base stations within the vicinity of an area via the broadcast control channel. Other IEEE groups define similar means and supports clients in detecting a list of neighborhood access points within the vicinity of an area via either beaconing Error! Reference source not found. or via broadcast of MAC management messages Error! Reference source not found.. The Media Independent Information Service (MIIS) provides a unified framework to help the higher layer mobility protocols (HLMP) across the heterogeneous network environment to facilitate the client’s discovery and selection of multiple types of networks existing within a geographical area. In the larger scope, the macro objective is to help the higher layer mobility protocol to acquire a global view of the heterogeneous networks to facilitate seamless handover when roaming across these networks.
5.5 MIH Reference Models for Access Networks

MIH provides asynchronous and synchronous services through well-defined SAPs for lower layers and upper layers.
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Figure 3: General MIH Reference Model
GENERAL COMMENT TO SECTION 5.5:

The presentation of the SAPs in the General Reference Model and in the technology-specific reference models could be considerably improved if the following guidelines were adopted:

· The distinction between mobility-management plane, bearer plane, and network management plane should be clearly made at the beginning of Section 5.5. This distinction is needed in order to simplify the relative placement of the MIH Function in the protocol-layer pictures. 
In the mobility-management protocol stack the MIH layer is easily placed between the media-independent upper layers (MIP, SIP, applications, in general all MIH users) and the media-dependent lower layers (802.2, 802.3, 802.11, 802.16, 3GPP RRC, 3GPP2 LAC and PPP, etc.). The MIH_SAP is the media-independent interface of the MIH Function with the upper layers of the mobility-management protocol stack. The interface between the MIH Function and the lower-layers of the mobility-management protocol stack is instead intrinsically media-dependent. In the General MIH Reference Model it makes total sense to use a common generic name for such interface. This is the MIH_MGMT_SAP. In the technology-specific reference models the MIH_MGMT_SAP maps onto the respective pre-existing lower-layer SAPs that are meant to exchange service primitives with the MIH Function. In the 3GPP2 case, for example, the MIH_MGMT_SAP becomes the combination of the MIH_PPP_SAP and MIH_LAC_SAP. 
In the bearer plane, the MIH Function instance that exchanges MIH PDUs with a remote MIH Function instance in another network element is a user of transport capabilities that are also available to other protocol entities (e.g., a MIP client) in the same network element. The 802.21 standard does not provide normative specification of what those transport capabilities are. However, the standard needs to identify an interface with those transport capabilities, because the MIH Function instance must know where (i.e., to which SAP) to direct locally an MIH PDU that it wants to deliver to a remote MIH entity. This generic interface with the bearer plane can be referred to as the MIH_NET_SAP (where “NET” gives a sense of the network-layer kind of service that the MIH Function obtains through that SAP). The MIH Function uses the MIH_NET_SAP to exchange MIH PDUs with an unspecified entity in the local bearer plane. The same entity encapsulates the MIH PDUs in its own format and exchanges them with a peer entity in a remote network element. The same MIH_NET SAP is used in the remote element to complete the delivery (or initiate the transmission) of MIH PDUs.
The network-management plane conveys the information needed to configure the behavior of the MIH Function. The MIH_SME_SAP is the interface through which the configuration parameters are exchanged.

As a result, only four SAPs should be associated with the MIH Function in the General MIH Reference Model:

· MIH_SAP: media-independent interface with the upper layers of the mobility-management protocol stack.

· MIH_MGMT_SAP: generic name for the media-dependent interfaces with the lower layers of the mobility-management protocol stacks.

· MIH_NET_SAP: generic name for the media-dependent interface with the bearer plane that is used to transport MIH messages.

· MIH_SME_SAP: media-independent interface with the management system that controls the network element.
Figure 3 should be replaced with a picture that shows the distinction between the different planes and the association of the four SAPs with the respective planes.
· Sections 5.5.1 through 5.5.5 should be realigned with the general idea presented in Section 5.5. The pictures should show the bearer plane and the network management plane as counterparts for the MIH_NET_SAP and MIH_SME_SAP, maintain the same representation for the MIH_SAP counterpart as in the general reference model, and instantiate the MIH_MGMT_SAP based on the lower protocol layers of the respective technologies (e.g., MIH_MGMT_SAP = MIH_MAC_SAP in 802.3, MIH_MGMT_SAP = MIH_PPP_SAP + MIH_LAC_SAP in 3GPP2, etc.). The text should be focused on the description of the pictures.
5.5.1 MIH Reference Model for 802.3
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Figure 4: MIH Reference Model for 802.3

The MIH reference model for 802.3 is illustrated above. The IEEE 802.21 standard supports the Media Independent Event service, Media Independent Command service and Media Independent Information service. A management protocol is required for the exchange of information between MIH entities within a terminal and a network. However, as shown in the above figure, there are no peer management facilities in CSMA/CD. Thus, if the MIH services are supported over wired ethernet networks, the payloads of the MIH services can only be carried in data frames.

In order to carry the above payload over normal ethernet data frames, a L2 protocol with a new ethertype is necessary. The MIH ethertype is encoded in the SNAP header. The IEEE 802.21 standard should define the packet format and payloads in media independent manner in standard TLV format. Thereafter these packets can be encapsulated in a L2 MIH Protocol using MIH ethertype when the payload needs to be sent over normal data frames as in case of ethernet. In other cases the TLV based messages and payload can be directly encapsulated in media specific management frames.
5.5.2 MIH Reference Model for 802.11
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Figure 5: MIH Reference Model for 802.11

The above figure shows the MIH functions for 802.11 stations and network PoA (APs). The MIH_MAC_SAP defines the MIH interface to the data plane and can encapsulate MIH protocol packets in data packets. However since 802.11 does not currently support Class 1 data frames, traffic can be sent over the data plane only when the client is associated with the AP. The MIH_MGMT_SAP provides interface with the management plane (MLME) and allows MIH protocol packets to be encapsulated in management frames (such as action frames). Thus MIH_MGMT_SAP is use to transfer packets after a station associates with an AP, whereas the MIH_MAC_SAP canbe used to transfer packets before establishing an association with AP.

The MIH_SAP shows the interface of MIH Function with other higher layer entities such as Transport, Handover policy, L3 Mobility protocol, etc. The MIH Function may interface with the OS or the system using the MIH_ME_SAP.

5.5.3 MIH Reference Model for 802.16

The figure below shows the MIH function for 802.16 based system. The MIH_MGMT_SAP in this case provides the MIH functionality over management plane and help with transporting MIH protocol messages across peer MIH Function entities. The MIH_MGMT_SAP uses a set of appropriate connection identifiers to transfer the messages.  The MIH_SAP shows the interface of MIH Function with other higher layer entities such as Transport, Handover policy, L3 Mobility protocol, etc. The MIH Function may interface with the OS or the system using the MIH_ME_SAP.
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Figure 6: MIH Reference Model for 802.16

5.5.4 MIH Reference Model for 3GPP
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Figure 7: MIH Reference Model for 3GPP enabled Mobile Stations

A potential realization of MIH functions for 3GPP enabled Mobile Stations is illustrated above. The MIH_RRC_SAP defines the MIH interface to the 3GPP RRC layer. The MIH_MGMT_SAP defines the MIH interface to the 3GPP GMM/SM. Most of the MIH services may utilize the information that is already defined in the RRC layer and GMM/SM. The desired information from MIH Event Services, Command Services and Information Services will be provided to MIH_RRC_SAP and MIH_MGMT_SAP, which will be further defined by 3GPP SDO. It is possible that in the future, GMM/SM may be enhanced by utilizing the new functionality provided by the MIH_MGMT_SAP. In the case of MIH in the Mobile Stations, the PHY and MAC SAPs would be used to communicate link-state information to the RRC. The exchange between the 3GPP RRC and PHY or MAC layers is left for the 3GPP organization to define and there will be no direct interaction between the PHY and MAC layers with the MIH. No new interfaces and primitives need to be defined for these SAPs.

In the case of MIH in the network, the first MIH reachable can be very remote with respect to the network whose features the Mobile Station is trying to discover. The architecture placement of MIH function shall be eventually figured out by 3GPP. Because the PHY and MAC would be at the Node_B, and the RRC would be at the RNC, some mechanisms may be required for the information exchanges between Node B, RNC and the MIH entity in the network side. These mechanisms are out of the scope of this document. The figure above is for illustrative purposes only and shall not constrain implementations.

5.5.5 MIH Reference Model for 3GPP2


[image: image7.emf]CDMA2000 Layer 1

MUX

RLP

L3 

Signaling

Media Indepandant Handover Layer 

(MIH)

Layer 3 or higher Mobility Protocol 

(L3MP), Handover Policy, Transport, 

Applications

M

I

H

_

M

G

M

T

_

S

A

P

MIH_SAP

LAC

PPP

MIH_PPP_SAP

H-ARQ

MIH Event Service

MIH Command Service

MIH Information Service 

MIH_LAC_SAP


Figure 8: MIH Reference Model for 3GPP2 enabled Mobile Stations

A potential realization of MIH functions for 3GPP2 enabled Mobile Stations is illustrated above. The MIH_MGMT_SAP defines the MIH interface to the 3GPP2 L3 Signaling. The MIH_PPP_SAP and MIH_LAC_SAP define the MIH interface to the PPP layer and LAC layer. Most of the MIH services may utilize the information that is already defined in the PPP layer, LAC layer and L3 Signaling. The desired information from MIH Services will be provided to MIH_MGMT_SAP, MIH_PPP_SAP and MIH_LAC_SAP, which will be further defined by 3GPP2 SDO. 

The MIH_LAC_SAP would communicate with the PHY and MAC layers using PHY and MAC SAPs currently defined within 3GPP2. The LAC would communicate with the MIH entity using the MIH_LAC_SAP. There would be no direct interaction between the PHY and MAC layers and the MIH. The PPP layer would use the MIH_PPP_SAP to communicate with the MIH layer. Moreover, it is possible that in the future cdma2000 L3 may be enhanced by utilizing the new functionality provided by the MIH_SAP. The figure above is for illustrative purposes only and shall not constrain implementations. The figure below shows how the MIH Function spans across different media specific technologies and provides a common abstraction of handover services to higher layers through MIH_SAP.
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Figure 9: MIH Reference Model for Mobile Stations with Multiple Protocol Stacks
5.6 Service Access Points (SAPs)

The MIH Function exchanges messages with other layers and functional planes using Service Access Points (SAPs). Each SAP consists of a set of service primitives that specify the information to be exchanged and the format of the information exchanges.

The specification of the MIH Function includes the definition of SAPs that are media-independent (i.e., insensitive to the interface types that the mobile terminal can support) and recommendations to define or extend other SAPs that are media-dependent. Media-independent SAPs allow the MIH Function to provide services to the upper layers of the mobility-management protocol stack, the network management plane, and the data bearer plane. The MIH_SAP and associated primitives provide the interface from MIH_Function to the upper layers of the mobility-management stack. Upper layers need to register with MIH Function as MIHF users to receive MIHF-generated events and also for link layer events that originate at layers below the MIH Function but can be passed on to upper layers through MIH Function. Upper layers can directly send commands to MIH Function. Similarly MIH Function entities can also send commands to other remote (peer) MIH Function entities. Primitives corresponding to all these services described above are within the scope of MIH_SAP. 

Media-dependent SAPs allow the MIH Function to use services from the lower layers of the mobility-management protocol stack and their management planes. All inputs (including the events) from the lower layers of the mobility-management stack into the MIH Function are provided through existing media-specific SAPs such as MAC SAPs, PHY SAPs, and LLC SAPs. Link Commands generated by the MIH Function to control the PHY and MAC layers during the handover are part of the media specific MAC/PHY SAPs and are already defined elsewhere. 

Figure below shows the key MIH related SAPs for different networks. The key MIH related SAPs are as follows:
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Figure 10: Relationship between different MIH SAPs

GENERAL COMMENT TO SECTION 5.6:

Figure 10 should repeat the concepts shown in the revised Figure 3. If the technology-specific lower layers are shown, the MIH_MGMT_SAP should not be shown since it is already instantiated in the technology-specific SAPs.

The description of the SAPs in the following subsections should reflect the reorganization of Figure 10.
All the changes made in Section 5.5 and 5.6 should be reflected in Section 7, where a new subsection should be added to define the service primitives of the MIH_NET_SAP.
5.6.1 MIH_MGMT_SAP

This defines the interface between the MIH Function layer and the management plane of different networks. This SAP can be used for sending MIH messages between MIH Function and local link layer entities as well as between peer MIH Function entities. Messages based on management frames can be sent in the unauthenticated state as well. The MIH_MGMT_SAP defines primitives for MIES, MICS and MIIS.

5.6.2 MIH_SME_SAP

This SAP defines the interface between MIH Function layer and the Station Management Entity or the Network Management System. This SAP defines the MIH interface with the sstem and is used for MIH configuration and operation.

5.6.3 MIH_SAP

This SAP defines the interface between MIH and a L3MP, or a Handover Function, which might reside at higher layer or a higher layer Transport as well. The interface between MIH and higher layers is a local interface, which may depend on the choice of L3MP as well. The methods and other messages defined by this SAP result in local communication between peer layer entities. Definition of this SAP is required to define the scope and functionality of MIH Function.

5.6.4 MIH_MAC_SAP

This SAP defines the interface between MIH Functon and media specific MAC. The interfaces defined by this SAP are primarily used to transfer data (MSDUs) between peer entities. No new interfaces and primitives need to be defined for this SAP. The interfaces defined by this SAP can be used to deliver MIH protocol based payloads to peer MIH entities usng the data plane.

5.6.5 MIH_PHY_SAP

This SAP defines the direct interface between MIH Function and the media specific PHY. The MIH Function shall communicate with different media specific PHYs using the media specific MACs. As such this SAP does not need to be defined.

5.6.6 MIH_LLC_SAP

This defines the LLC interface to MIH. The MIH can directly use the existing LLC primitives to initiate connections and communicate with peer LLC entities and thus establish data path for sending MSDUs across different links. As such this SAP does not need to be defined.

5.6.7 MIH_RRC_SAP

This defines the interface between the MIH Function and RRC.

5.6.8 MIH_PPP_SAP

This defines the interface between the MIH Function and PPP.

5.6.9 MIH_LAC_SAP

This defines the interface between the MIH Function and LAC.

5.7 Media Independence

5.7.1 MIH Protocol 

The IEEE 802.21 standard supports the Media Independent Event service, Media Independent Command service and Media Independent Information service. The MIH protocol defines the format of the messages that are exchanged between remote MIH entities and the transport mechanisms that support the delivery of the messages. The selection of the transport mechanism is dependent on the access technology that connects the MN to the network. The packet payload for these services may be carried over L2 management frames, L2 data frames or other higher layer protocols. Wireless networks such as 802.11 and 802.16 have a management plane and support management frames which could be suitably enhanced for carrying the above payloads. However the wired Ethernet network does not have management plane and can carry the above payloads only in data frames.

The IEEE 802.21 standard should define the packet format and payloads in media independent manner in standard TLV format. Thereafter these packets can be encapsulated in a L2 MIH Protocol using MIH ethertype when the payload needs to be sent over normal data frames as in case of ethernet. In other cases the TLV based messages and payload can be directly encapsulated in media specific management frames.

The IEEE 802.21 standard defines the format of MIH protocol data unit (PDU) header and payload. Standard TLV format provides media-independent representation for the PDU payload contents. The MIH PDU’s are encapsulated in data frames with MIH EtherType over 802 links. For 802.11 and 802.16 links extensions of media-specific management frames are recommended for carrying MIH messages. No assumptions are made in this proposal regarding the transport of MIH messages over 3GPP and 3GPP2 access links at L2.
5.8 Media Dependence

The MIH Function aggregates disparate interfaces with respective media-dependent lower-layer instances (media-dependent service access points) into a single interface with the upper layers (the MIH SAP), making the inter-media differences fully transparent to the upper layers.

The MIH Function features media-dependent interfaces with IEEE 802 link-layer technologies (802.2, 802.3, 802.11, and 802.16) and cellular technologies (3GPP and 3GPP2). The MIH Function for the most part uses existing primitives and functionality provided by different access technology standards. Amendments to existing standards are recommended only when deemed necessary to fulfill the MIH Function capabilities. 

The sections below list general amendments recommended to different underlying access technology standards due to the enhanced heterogeneous handover capability provided by MIH Function.
5.8.1 802 Amendments

The MIH Function interacts with the MAC and PHY layers in the IEEE 802 family of standards to monitor the status of each interface. In general, the IEEE 802 standards provide both control, data plane Service Access Points (SAPs) and management plane SAPs for the MAC and PHY layers. The MIH Function utilizes these existing SAPs and primitives wherever possible. Extensions of existing IEEE 802 standard primitives are proposed for link layer events and indications and additional information elements are identified which can help with effective heterogeneous handovers. Mechanisms to discover MIH capability through broadcast and specific query and response type mechanisms are also proposed.

Specific IEEE 802 working groups, e.g., IEEE802.11 and IEEE802.16 should handle these recommendations.  For the better understanding of this specification, some examples are provided as informative recommendations in the Appendix.

5.8.2 3GPP Amendments

The existing 3GPP specifications identify the PHY and MAC SAPs as the means to exchange events to and from the RRC layer in the mobility-management (control) plane. Following amendments are proposed as recommendations to 3GPP:

· Possible extention or reuse of existing primitive fields as defined in 3GPP Standards.

5.8.3 3GPP2 Amendments

Within 3GPP2, the Physical (PHY), Medium Access Control (MAC), and Point-to-Point Protocol (PPP) signaling layers are distinct sources of link-state triggers and events. 3GPP2 designates the Link Access Control (LAC) layer as the recipient of the PHY-genarated and MAC-generated triggers. 3GPP2 has no designated recipient for PPP-generated triggers. This proposal defines requirements for the delivery of triggers and events from the LAC and PPP layers to the MIH Function. Support of these triggers implies the following recommendations to 3GPP2:

· The specification of a new LAC SAP 

· The specification of a new PPP SAP.

· The specification of a new management SAP for L3 signaling.

5.8.4 Upper layer Amendments

Existing mobility mechanism based on different upper layer protocols such as MIP, SIP etc. are based on layer 3 procedures that are unaware of the operational state of the underlying link that supports the communication channel. This constraint affects the delivery of service that require low delay and low latency, as packets are dropped or delayed when the terminal is required to connect to a new network point of attachment.

The MIH Function helps to mitigate this problem by providing link-level and other information that can be used by a mobility management entity to characterize the conditions of both the existing communication link and potential candidates. Upper layers can interface with the MIH SAP to effectively use these services.
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