1. Introduction
802.21 aims to facilitate Media Independent Handovers. Generally, during a (Media Independent) Handover, 4 different kinds of "adaptations" may take place:
· The Layer 2 (Link Layer) Adaptation, which deals with the reconfiguration of physical interface.

-> happens when there is a discontinuity at the Link Layer (loss of coverage: hard handover, or better interface available: soft/opportunistic handover)

· The Layer 3 (Network Layer) Adaptation, which deals with the IP configuration.
-> happens when there is a discontinuity at the Network Layer (mainly IP prefix change after a link change)

· The Layer 4 (Transport Layer) Adaptation, which deals with the optimization of reliable transport protocols (e.g. TCP) algorithms.

-> happens when there is a discontinuity at the (reliable) Transport Layer (the discontinuity being caused by the TCP segment loss and the consequence being the de-activation of congestion control mechanisms when a handover occurs)

· The Layer 7 (Application Layer) Adaptation, which deals with the adaptation of the application parameters (e.g., for videoconferencing: resolution, fps…) which govern user experience.

-> happens when there is a discontinuity at the Application Layer (the application parameters depend on the available bandwidth)

2. 802.21 scope
The 802.21 draft specifies a means to *perform* inter-access technologies L2 "adaptations" and specifies means to *facilitate* upper layer (L3/L4/L7) "adaptations".

To sum up, 802.21 aims to provide a solution for the overall handover process (that is, L2 to L7 adaptations) to be successful, smooth and efficient.
To achieve such an objective, 802.21 specifies interactions between lower layers (L1 and L2) and upper layers (L3 and above) through a new abstraction: the MIH Function.

3. The problem

The problem is that, although we have clearly agreed that the MIH Function was not a layer per se, there still remains some ambiguity in the semantics within the draft standard. For example, the Event Services and Command Services descriptions seems to be assuming that the MIH Function is a layer: the words "downwards" & "upwards", the diagrams that show the MIH Function as an intermediary layer between lower and upper layers... 

More, the abstract representation of the MIH Function does not properly show the distinctions between local interactions (signalling between layers/entities within a net stack) and remote interaction (the actual transport of the signalling), which are clearly two different things.

The MIHF is not a layer, at least on the data plane, because it does not participate in data exchange, it does not encapsulate data units, as the link layer or the IP layer does.

4. Solution
However, the MIHF can be seen as some sort of handover management function, logically located outside the protocol stack.
Conceptually, the MIH Function could even constitute a new plane itself: the (MI) Handover Management Plane…
As it may interact with every layer within a stack, it may be represented as follows:
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Some may argue that it is just a matter of vertical/horizontal representation and it does not change anything (when it comes to implementation)… But I believe for proper design and to be able to build a solid model for handover management, that this kind of discussion is quite useful.

Impacts of this new representation for:

A - The lower part of the MIH Function (IEEE part):

When you look at 802.11 and 802.16 reference models, they have a Management Plane, which interacts with the data plane. The MIH Function could interact with the management plane the same way. That is what 16g (Management Plane for 802.16) is trying to do I think: If you look at the figure below, C_SAP and M_SAP are the means to interact with the MIH function (see the black dotted lines):
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802.16 reference model
-> By the way, shouldn't 802.11 do the same : using directly MLME SAP and PLME_SAP instead of using MIH_LINK_SAP ?
Regarding the use of data frames to exchange MIH signalling, the MIHF should be allowed, as stated in the current 802.21 draft text, to use the "Data Plane SAPs". For 802.3, as there is no management plane, there is a need to "virtually" create one for this matter. But it will use the LLC SAP anyway, so it doesn't change anything except the representation.

So if we can send data frames using the management plane (for example .16 doesn't seem to use LLC to exchange data, but rather CS (correct me if I'm wrong), we can thus directly send data frames using the management plane, as the two interact at the CS layer).

If we can't send data frames using the management plane (for .3 there is no management plane, for .11, LLC is used to send data frames and is not directly interfaced with the management plane), we can use the LLC_SAP.

This leads to the following representation for lower layers:
802.xy's view:
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MIH_MDM_SAPs: MIH Media Dependent Management SAPs (depends on the technology): 
· 802.11: PLME_SAP, MLME_SAP

· 802.16 M_SAP, C_SAP.
· Used for local interactions between the lower layers' management plane and the MIH Function, and, to convey MIH signalling messages using a "technology specific framing" (.11 management frames, .16 frames…)

LLC_SAP: The SAP to the LLC sublayer


· Used to convey MIH signalling messages using LLC, when no "technology specific framing" is available (.3, .11 for MIH messages that require associated, authenticated state (class 3 frames)…)

B - The higher part of the MIH Function (IETF and Apps part):

As an "L-shaped" box for the MIH Function has been adopted during last meeting, things are clearer for the higher part of the stack. 
The MIH_SAP will be used for local interactions between upper layers and the MIH Function and some implementation dependent internal abstraction (socket...) will be used for MIH message transport.
Upper layer's view (=current view):
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This diagram could be further detailed to show that every layer can use the MIH_SAP to interact with the MIH Function.
5. Consequences for the Command Service flow.
With the above solution we can now totally avoid talking about the MIH Function the same way we talk about a layer.
The MIH Function can facilitate handover at every level of the OSI model.

We have classified the MIHF's functionalities into three services. Let's focus on the Command Services.
A - The Command Service

The Command Service provides a way to control handover operations.

Currently, the Command Service allows the control of lower layers, by higher layers, through the MIH Function. For example, a Link_Switch command would be sent from a MME to the MIH Function, which would then invoke the appropriate media dependent management primitives to make the actual handover.

Command Service (Current)
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· Possible paths for commands: 1 or 2.

However, as 802.21 is mandated to facilitate handovers in a general sense (that means facilitating L3,L4, L7 "adaptations"), the command service could be used to control the upper layers, such as the IP layer. For example, a local MME could want to control the triggering of the User Equipment's (UE) IP Location Update procedure, upon a handover command from the network, the UE would perform the L2 handover, and then the IP location update, using an MIH Command to the IP layer. The following new diagram allows this scenario to happen:
Command Service (new):
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· Possible paths for commands: 1, 2, 3 or 4.
As for Link commands, Command primitives to upper layer must map to existing "primitives" in upper layers, or new "primitives" (or API) must be created.
However, as there is no standardized "primitives" for upper layers that could map to the MIH Commands, we would have to specify what the Command expects the upper layer to do:

Example: MIH_IP_Configure (interface, IP_address, mask, route)

This primitive requests the IP layer to configure the new interface.
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