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1 Abstract

This document introduces the Media Independent Paging and Dormant Mode, which we propose as an extension to Media Independent Handover service in order to support heterogeneous Dormant Mode and Paging mechanism. The new primitives and architectural entities are described and several usage scenarios are detailed.
2 Introduction
Media Independent Paging mechanism is used by the network to page a multi-mode mobile station/node (MN) in dormant mode on the selected radio interface. Paging may be initiated and executed in different technical interfaces, or even the interfaces could be heterogeneous. The Media Independent Paging related Events and Commands may identify the initiator of paging and the destination where the paging procedure may be operated, e.g. the mobile node.

In addition, Media Independent Paging mechanism may obtain location update and network entry via other selected active technical interface from an MN in dormant mode in one technical interface. 
Media Independent Paging Application (MIPA) is one of the users of the media independent handover function (MIHF) [1] services where MIHF is paging enabled. Figure 1 shows the location of the MIPA in MIH service architecture. 
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Figure 1 Paging Enabled MIH Service
Media Independent Paging messages may be transferred over Media Independent Handover protocol and reuse the Media Independent Handover service reference model. Media Independent Paging events and commands may be triggered by media specific paging events or the upper layer user, for example, MIPA. Media Independent Paging events and commands may be mapped into the media specific paging operation and procedure to finish the whole paging function across multiple heterogeneous networks. Paging enabled MIHF service is implemented in both the Paging Controller (PC) and the mobile node/station (MS) and base station (BS).
This document introduces the Media Independent Paging reference framework in Section 5. In Section 6, the primitives are presented as an extension to MIHF to support paging. The paging key procedures and usage scenarios are described in Section 7. 
3 Terminology

PMIHF – A Media Independent Handover Function (MIHF) that is paging enabled.
Paging Controller (PC) — It is a Media Independent enabled functional entity that administers the activity of Dormant mode MN across multiple heterogeneous networks via MIH service. It is identified by MIHF ID defined in IEEE 802.21.  There shall be a single PC (called Anchor PC) that contains the location information of the MN on the media specific link. 
Media Independent enabled Paging Agent (MI-P PA) – It is a Media Independent enabled functional entity that handles the interaction between MI-Paging PC and media specific paging agent related functionality implemented in the Base Station.
Paging Area – It may be interpreted as comprising of one or more Paging Agents. Paging Area identifier (Paging Area ID) identifies the Paging Area. The combination of Paging Area ID, Network Identifier and network type is a unique identifier for the paging area in which the MN located.
Data Path Function (DPF) — The Data Path function is used to setup the bearer plane between Base-Stations or between other entities such as Gateways or between gateways and base-stations.
4 Motivation
Media Independent Paging and Dormant Mode mechanism is advantageous to an MN and the network for the following reasons:
1) Media Independent Paging and Dormant Mode mechanism allows paging on multiple technology interfaces with a single selected technology interface. This architecture supports a unified heterogeneous paging and dormant mode mechanism.
2) A host in dormant mode is expecting to be paged on an optimal interface, and not to be paged on only one. For example, a paging request from WLAN could be executed via 3GPP network.

3) To extend the battery life of a multi-mode MN.
4) Other advantages – with respect to the location updates, saving radio resources for signaling thereby improving system performance. 
5 Media Independent Paging Reference Framework

5.1 Media Independent Paging Logical Reference Model
Media independent paging enabled MIH functionality called PMIHF may be implemented either on the MN or in the network. MIHP network model is shown in Figure 2. 
The model includes an PMIHF capable mobile station (MI-P MN) that supports multiple access technology options and has multiple radio interfaces. The MIH capability advertisement, subscription and query need to provide extensions to support MI-Paging. The model assumes that the provisioning service provider allows its user to be paged across multiple access technologies. When provisioned, the MN may use MIIS to obtain pertinent information such as the network node that provides media independent paging function capability.
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Figure 2 A Network Model for Media Independent Paging Services

The PC maintains the location entry of the MN.  Whenever MN enters Dormant Mode, it registers with PC.  MN registers Paging Area ID of its visited network, the network type and the network identifier with PC, which are obtained from the media specific Layer 2. The PC located in this specific media knows about the PCs of the other radios of MN. As soon as PC detects paging requirement for MN, PC collects information about the idle mode status of the other interfaces.  PC can then decide on which interface to page the MN and it is not this specific interface then the PC can relay the paging announce message to the correct PC.
Whenever the MN changes Paging Area, MN may obtain the new Paging Area ID via media specific Layer 2.  Location update procedure may be initiated by MN to update the information about the Paging Area in which the MN is located, as long as the MN is still in Dormant Mode.  The media specific location update message may be carried in an information element over the event service of MIHF.  The location update procedure may be executed over the selected link instead of the current link.
6 Media Independent Paging Reference Model and SAPs
6.1 General PMIHF Reference Model
MI-Paging Function provides Media Independent Paging and Dormant Mode service via Media Independent Service Access Point (SAP) to the upper layers.  The MI-Paging Function exchanges primitives with Media-specific Paging Function using media specific paging SAP. Via the MI-Paging SAP, the MI-Paging function executes the heterogeneous paging operations and procedures. 

The MI-Paging SAP consists of a set of service primitives that specify the information to be exchanged and the format of the information exchanges. These primitives have mappings to the media specific paging primitives. 
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Figure 3 General PMIHF Reference Model and SAPs

The following Table 1 lists the MI-Paging primitives. Several media dependent primitives shall be appended in media specific technologies. For example, two triggers are presented in Table 2.
Table 1 MI-Paging SAP Primitives
	No.
	Primitives
	Service Category
	Description

	1
	MI_P_ANN
	Command Service
	Inform to all the Paging Group members to page MS

	2
	MI_P_ENTI
	Command Service 
	Indicate the MN enter Dormant Mode

	3
	MI_P_EXII
	Command Service
	Indicate the MN exit Dormant Mode

	4
	MI_P_LU
	Event Service
	Indicate that the MN intends to update its location.

	5
	MI_PM_NOTIFY
	Event Service
	Inform remote PMIHF the paging mode changes.

	6
	MI_PM_QUERY
	Event Service
	Query about the connection mode in which the MN is in selected network.


Table 2 Paging SAPs Primitives
	No.
	Primitives
	Service Category
	Description

	1
	P_PA_NOTIFY
	Event service
	Paging Area trigger. 

	2
	P_PM_NOTIFY
	Event service
	New paging mode trigger. 


6.2 Primitives of Command Service Category
6.2.1 MI-P-ANN (MI Paging Announce)
1. Function
This primitive is used by a peer PMIHF to communicate with the remote PMIHF. The primitive is used to indicate that the remote PMIHF head to paging the MN.
2. Semantics

The parameters of the primitive are as follows:

MI_P_ANN (

Source Identifier, 
Destination Identifier, 
MN ID, 
Groups[ Interface ID，

Paging Start/Stop flag, 

Anchor PC ID])
Table 3
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (eg. FQDN or NAI)

	Interface ID
	Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Paging Start/Stop flag
	BOOL
	0: Paging Start;

1: Paging Stop 
	Indicate the action

	Anchor PC ID
	Identifier
	Any valid BS/AP Identifier
	A logical network identifier for the serving BS administering paging activity for the MN while in Idle Mode.


3. When generated

This is generated and used in network PMIHF. When the peer PMIHF detects the MN is in active mode on specified link, or receives MS connect information via querying from MIIS, the PMIHF located in anchor PC may initiate this primitive to inform the candidate remote PMIHF to send paging announce primitive to the MN.

4. Effect on receipt

On receiving the primitive the receipt may issue one more Paging Announce messages based on its knowledge of topology of the Paging region. If the receipt has no media specific MS information, it may retrieve the information in advance.

6.2.2 MI_P_EXII.Request (MI Exit Dormant Mode Request)

1. Function

This primitive is used by a peer PMIHF to communicate with the local user as well as the remote PMIHF on network. The primitive is used to communicate intent of exiting Dormant Mode. This primitive may be initiated by local user or the remote PMIHF. 
2. Semantics

The parameters of the primitive are as follows:

MI_P_EXII.request(
Source Identifier, 
Destination Identifier, 
MN ID, 
Interface IDs list
)
Table 4
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (eg. FQDN or NAI)

	Interface IDs list
	list
	Any valid interface identifiers
	Lists of interface Identifier


3. When generated

This primitive may be as a result of media independent paging procedure and initiated by the remote PMIHF or the local Paging function.

4. Effect on receipt

On receiving the request the MN may exit Dormant Mode in selected links indicated by interface IDs list.
6.2.3 MI_P_EXII.response (MI Exit Dormant Mode Response)

1. Function

This primitive is used by a peer PMIHF to communicate with the PMIHF that sent out a MI_P_EXII.request. The primitive is used to communicate the response of Dormant Mode exiting Dormant Mode request. 

2. Semantics

The parameters of the primitive are as follows:

MI_P_EXII.response(
Source Identifier, 
Destination Identifier, 
MN ID, 
Interface IDs list
)
Table 5
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (e.g. FQDN or NAI)

	Interface IDs list
	List
	Any valid interface identifiers
	Lists of interface Identifier


3. When generated

The PMIHF responds with this primitive in response to an MI_P_EXII.request command from a peer PMIHF entity.

4. Effect on receipt

On receiving the response the remote PMIHF may have started the media specific exiting Dormant Mode procedure.
6.2.4 MI_P_ENTI.Request (MI Enter Dormant Mode Request)

1. Function

This primitive is used by a peer PMIHF to communicate with the local user as well as the remote PMIHF on network. The primitive is used to communicate intent of entering Dormant Mode. The operation may be initiated either by the MN or by the network.

2. Semantics

The parameters of the primitive are as follows:

MI_P_ENTI.request(
Source Identifier, 
Destination Identifier, 
MN ID, 
Groups [Interface ID, 
Anchor PC ID]
)
Table 6
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (e.g. FQDN or NAI)

	Interface ID
	Interface Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Anchor PC ID
	Identifier
	Any valid BS/AP Identifier
	A logical network identifier for the serving BS administering paging activity for the MN while in Idle Mode.


3. When generated

This primitive is generated by remote PMIHF or local user that may want the terminal to enter Dormant Mode in the current selected link or all links. This command may be sent either to just the local selected link or it may be sent to the remote PMIHF in the network as well. The remote PMIHF may initiate this primitive to command the terminal to enter Dormant Mode in selected several or all links.
4. Effect on receipt

The remote PMIHF responds with MI_P_ENTI.response primitive. If the recipient of the command is a network PMIHF, it may perform a media specific network initiated entering Dormant Mode operation message exchange with the Paging Function in the target link. If the primitive originated from local user to local PMIHF, it may perform a media specific MN initiated entering Dormant Mode operation.
6.2.5 MI_P_ENTI.response (MI Enter Dormant Mode response)

1. Function

This primitive is used by a peer PMIHF to communicate with the PMIHF that sent out a MI_P_ENTI.request. The primitive is used to communicate the response of Dormant Mode entering request. The response may be sent either by the client or the network depending on where the request was initiated.

2. Semantics

The parameters of the primitive are as follows:

MI_P_ENTI.Response (
Source Identifier, 
Destination Identifier, 
MN ID,

Group [Interface ID,
Anchor PC ID]
)
Table 7 
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (e.g. FQDN or NAI)

	Interface ID
	Interface Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Anchor PC ID
	Identifier
	Any valid BS/AP Identifier
	A logical network identifier for the serving BS administering paging activity for the MN while in Idle Mode.


3. When generated

The PMIHF responds with this primitive in response to a MI_P_ENTI.request command from a peer MIHF entity.

4. Effect on receipt

On receiving the response the remote PMIHF may have started the media specific entering Dormant Mode procedure.
6.3 Primitives of Event Service Category
6.3.1 MI_P_LU.Request (MI Location Update Request)

1. Function

This primitive is generated by local media specific paging function or local user that may want the terminal to update location in the current selected link or all links. This command may be sent either to just the local selected link or it may be sent to the remote PMIHF in the network as well. The remote PMIHF may initiate this primitive to update the location in the other remote PMIHF in other selected links.
2. Semantics

The parameters of the primitive are as follows:

MI_P_LU.request (
Source Identifier,
Destination Identifier, 
MN ID, 
Group [Interface ID,

Anchor PC ID,
Target BSID, 
Paging Area ID, 
Power Down Indicator] 
)
Table 8
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (eg. FQDN or NAI)

	Interface ID
	Interface Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Anchor PC ID
	Identifier
	Any valid BS/AP Identifier
	A logical network identifier for the serving BS administering paging activity for the MN while in Idle Mode.

	Target BSID
	Identifier
	Identifier of Target BS
	

	Paging Area ID
	Identifier
	One or more logical affiliation groupings of BS
	Identifier of the paging

area the MN is assigned to

	Power Down Indicator
	Boolean
	False/True
	Indicates the MN is currently attempting to perform Location Update due to power down.


3. When generated

When the media specific paging function needs to send location request, it may indicate the local PMIHF to initiate this primitive. The remote PMIHF may initiate this and send it to the other selected PMIHF. 

4. Effect on receipt

On receiving the request the receipt may relay this or re-construct this and send it to other remote MIHF to finish the location update operation in selected link or all links.

6.3.2 MI_P_LU.response (MI Location Update Response)

1. Function

This primitive is used by a peer PMIHF to communicate with the PMIHF that sent out a MI_P_LU.request. The primitive is used to communicate the response of location update request. 

2. Semantics

The parameters of the primitive are as follows:

MI_P_LU.Response (
Source Identifier, 
Destination Identifier, 
MN ID, 
Group [Interface ID,

Anchor PC ID, 
Result,

Paging Information]
)
Table 9
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (eg. FQDN or NAI)

	Interface ID
	Interface Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Anchor PC ID
	Identifier
	Any valid BS/AP Identifier
	A logical network identifier for the serving BS administering paging activity for the MN while in Idle Mode.

	Result
	Enumerate
	0:Success
1:Failure
	Identify the result of location procedure

	Paging Information
	List
	N/A
	This specifies the parameters on location update and paging.


3. When generated

The PMIHF responds with this primitive in response to an MI_P_LU.request command from a peer MIHF entity.

4. Effect on receipt

On receiving the response the remote PMIHF may have started and finished the media specific location update procedure.

6.3.3 MI_P_QUERY.request
1. Function

This primitive is used by the PMIHF in network node to query about the connection mode information of the distinctive MN in selected network.

2. Semantics

The parameters of the primitive are as follows:

MI_P_QUERY.request (
Source Identifier, 
Destination Identifier, 
MN ID, 
Interface ID,

Anchor PC ID

)
Table 10
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (eg. FQDN or NAI)

	Interface ID
	Interface Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Anchor PC ID
	Identifier
	Any valid BS/AP Identifier
	A logical network identifier for the serving BS administering paging activity for the MN while in Idle Mode.


3. When generated

As the PMIHF in the PC is triggered by paging requirement events, such as when downlink data is needed to be transmitted to MN in the network, the PMIHF shall send this primitive to the remote PMIHF to query the connection mode to determine which radio interface in MN is appreciate to transport the MI_P_ANN primitives to page the MN in the selected network..

4. Effect on receipt

On receiving this primitive, the remote PMIHF in anchor PCs shall send back the connection mode information of the interface of MN indicated by interface id.
6.3.4 MI_P_QUERY.response
1. Function

This primitive is used by the PMIHF in network node to response to the MI_P_QUERY.request message to inform the sender the connection mode information of the distinctive MN in selected network.

2. Semantics

The parameters of the primitive are as follows:

MI_P_QUERY.response (
Source Identifier, 
Destination Identifier, 
MN ID, 
Interface ID,

Anchor PC ID,

Connection mode
)
Table 11
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (eg. FQDN or NAI)

	Interface ID
	Interface Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Anchor PC ID
	Identifier
	Any valid BS/AP Identifier
	A logical network identifier for the serving BS administering paging activity for the MN while in Idle Mode.

	Connection Mode
	Enumerate
	0: Active mode
1: Idle mode
	This specifies the status the MN is in.


3. When generated

As the PMIHF in the PC receives the MI_P_QUERY.request, the PMIHF shall send this primitive to the remote PMIHF to indicate the connection mode for the peer.

4. Effect on receipt

On receiving this primitive, the remote PMIHF in anchor PCs determines which radio interface in MN is appreciate to transport the MI_P_EXII primitives to wake up the MN in the selected network.
6.3.5 MI_PM_NOTIFY
1. Function

This primitive is used by the PMIHF to inform the remote PMIHF that the link layer changes its paging mode.
2. Semantics

The parameters of the primitive are as follows:

MI_PM_NOTIFY (
Source Identifier, 
Destination Identifier, 
MN ID, 
Interface ID, 
Connection Mode
)
Table 12
	Name
	Type
	Valid Range
	Description

	Source Identifier
	Identifier
	Any valid MIHF identifier
	Source of this message

	Destination Identifier
	Identifier
	Any valid MIHF identifier
	Destination of this message

	MN ID
	Identifier
	Any valid individual identifier
	The identifier of MN, (eg. FQDN or NAI)

	Interface ID
	Interface Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Connection Mode
	Enumerate
	0: Active mode

1: Idle mode
	This specifies the status the MN is in.


3. When generated

As the PMIHF receives P_PM_NOTIFY, the PMIHF shall send this primitive to the remote PMIHF.

4. Effect on receipt

On receiving this primitive, the remote PMIHF in anchor PCs shall update the location entry status.
6.3.6 P_PM_NOTIFY

1. Function
This primitive notifies the PMIHF that MN enters into the dormant mode or MN exits from dormant mode and come back to active mode on layer 2.
2. Semantics

P_PM_NOTIFY (
Interface ID, 
Connection Mode
)
Table 13
	Name
	Type
	Valid Range
	Description

	Interface ID
	Interface Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Connection Mode
	Enumerate
	0: Active mode

1: Idle mode
	This specifies the status the MN is in.


3. When generated
Whenever MN changes mode from active to dormant mode, and vice versa, this primitive is sent to local PMIHF.

4. Effect on receipt

MI_PM_NOTIFY primitive is triggered to be sent to the remote PMIHF in pertinent anchor PCs, which maintains the location entry status of the MN. 
6.3.7 P_PA_NOTIFY

1. Function
The primitive triggers the location update procedure.
2. Semantics
P_PA_NOTIFY (
Interface ID,

Target BSID, 
Paging Area ID
)
Table 14
	Name
	Type
	Valid Range
	Description

	Interface ID
	Interface Identifier
	Any valid interface identifier
	Lists of interface Identifier

	Target BSID
	Identifier
	Identifier of Target BS
	

	Paging Area ID
	Identifier
	One or more logical affiliation groupings of BS
	Identifier of the paging

area the MN is assigned to


3. When generated
Whenever MN changes Paging Area, this primitive is sent up to PMIHF.  This primitive is also sent when the MN is powered on. 
4. Effect on receipt

The PMIHF located in the MN may generate the MI_P_LU.request primitive and send it up to remote PMIHF located in anchor PC.  This primitive helps PC to have updated information about the location of the MN.
7 Media Independent Paging Key Procedures and Operations
In this section we show the use of media independent paging primitives in five scenarios. These scenarios are taken from [2].
7.1 Paging via “connected” radio
When the MN has multiple radio interfaces and accesses to multiple radio networks, one of radio interfaces is in active mode, others are in dormant mode, as shown in Fig 4. 

Radio j network needs to page the user. Instead of paging the user on the Radio j airlink and spending considerable resources, the radio j network determines if any other radio is currently on for the user, and then eliminates paging by sending a unicast message on radio k network to turn on the radio j network.

The Radio j network may make an application of the procedure in Fig 4. 
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Figure 4 Paging via “connected” radio Procedure
1) PC of radio j network receives downlink data to the MN, Radio j network needs to page the MN. The PMIHF in PC of radio j network sends MI_P_QUERY.request message to PC of radio i network to retrieve the connection mode of MN. The PMIHF in PC of radio i network send MI_P_QUERY.response message to inform the radio j network that the MN is not in active mode currently.
2) The MN has access to three kinds of radio networks.  As the PC of radio j network determines that it is not anticipating to page the user in radio i network, the PMIHF in PC of radio j network sends MI_P_QUERY.request message to PC of radio k network to retrieve the connection mode of MN.  Interface ID is used to differentiate which radio interface the sender indicates should be involved in the forthcoming network re-entry procedure.  The PMIHF in PC of radio k network send MI_P_QUERY.response message to inform the radio j network that the MN is actually in active mode at the moment.

3) The PC of radio j makes determination that the MN shall be paged in radio k network.  The PMIHF of the PC of radio j sends MI_P_ANN message to the PMIHF in PC of radio k network

4) The MI_P_ANN message is forwarded to the MN.

5) As the indication in MI_P_ANN message, the MN initiates the network re-entry procedure in radio j network.

6) After the MN exits the dormant mode in radio j network, the PC of radio j informs the PC of radio k that the MN comes back into active mode via sending MI_PM_NOTIFY message. 
7.2 Paging-aggregation
When the MN has multiple radio interfaces and accesses to multiple radio networks, all radio interfaces could be triggered to exit dormant mode by sending one unicast message via one of radio interfaces which is in active mode, as in Fig 5. 

The Radio k network may make an application of the procedure in Fig 5. 
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Figure 5 Paging Aggregation Procedure
1) The PC of radio k needs to awake the MN back into active mode on radio i and j network.

2) The PC of radio k sends MI_P_ANN message to the MN to indicate that radio i and j network exit dormant mode by the interface IDs.
3) The MN re-enters the network on radio i network which appear in the MI_P_ANN message.
4) The MN re-enters the network at same time on radio j network which appear in MI_P_ANN message.
5) When the radio interface of the MN comes back into active mode successfully, the MI_PM_NOTIFY primitive is sent to the action initiator.
7.3 Location Update via "connected" radio
When the MN has multiple radio interfaces and accesses to multiple radio networks, the location update procedure on one interface in dormant mode is implemented by sending MI_P_LU primitives via other radio interface which is in active mode, as in Fig 6. 

Radio k network may make an application of the procedure in Fig 6.
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Figure 6 Location update via “connected” link

The radio interface j of the MN is in dormant mode, its location update information is transmitted over radio k network, instead of radio j network.
1) When the MN is spanning from one paging area to another paging area, P_PA_NOTIFY is triggered from lower layer to PMIHF, the MN needs to update location on radio j network.
2) The PMIHF in the MN sends MI_P_LU.request primitive in which the interface ID indicates the selected interface by location update procedure. This primitive is forwarded to the anchor PC of radio j network by PA and anchor PC of radio k network. 

3) The PMIHF in the PC of radio j network sends MI_P_LU.response primitive as the response to the MI_P_LU.request primitive from the MN. The response is forwarded to the MN by the PC of radio k network.

7.4 Aggregated Location Update
The MN has multiple radio interfaces and accesses to multiple radio networks.  The MN traverses the different paging areas for multiple radio interfaces simultaneously, since the paging areas may be overlapping with each other even though paging area is irrelevant for distinctive radio networks.  In such cases, several location update procedures shall be triggered at the same time on respective radio networks.  
The multiple location update information can be aggregated and transmitted over a single radio network by sending MI_P_LU primitives, and propagated by the anchor PC in this network via MIH service, as in Fig 7. 

Radio k network may make an application of the procedure in Fig 7.
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Figure 7 Aggregated Location Update Procedure
1) The MN needs to update location on radio j network, radio i network and radio k network simultaneously.

2) The PMIHF in the MN sends MI_P_LU.request primitive to the anchor PC of radio k network, in which the interface IDs indicate the related interface with location update procedures.  
3) The PMIHF in the PC of radio k network forwards MI_P_LU.request primitive to the anchor PC of the radio j network in which it includes location information of the MN on radio j network.  The anchor PC of radio j network sends back MI_P_LU.response primitive as the response to the MI_P_LU.request primitive from the anchor PC of radio k network.

4) As in step 3, the PMIHF in the PC of radio k network forwards MI_P_LU.request primitive to the anchor PC of the radio i network in which it includes location information of the MN on radio i network.  The anchor PC of radio i network sends back MI_P_LU.response primitive as the response to the MI_P_LU.request primitive from the anchor PC of radio k network.

5) When the PMIHF in anchor PC of radio k network received all required MI_P_LU.response primitive messages, it sends the MI_P_LU.response primitive to the initiator to indicate that the aggregated location update procedure is finished.
7.5 Dormant Mode Entry
The MN has multiple radio interfaces and accesses to multiple radio networks.  The MN may initiate multiple radio interfaces to enter into dormant mode simultaneously for some reason.  In such cases, this command shall be transmitted from one radio network to those target networks, then, the dormant mode entry procedure may be initiated by the network.  
Radio k network may make an application of the procedure in Fig 8.
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Figure 8 Dormant Mode Entry Procedure
1) The MN needs to enter into dormant mode on radio j network, radio i network and radio k network simultaneously.

2) The PMIHF in the MN sends MI_P_ENTI.request primitive to the anchor PC of radio k network, in which the interface IDs indicates the related interface with dormant mode entry procedures.  

3) The PMIHF in the PC of radio k network forwards MI_P_ ENTI.request primitive to the anchor PC of the radio j network, in which it includes paging information of the MN on radio j network.  Also it forwards MI_P_ENTI.request primitive to the anchor PC of the radio i network.
4) The anchor PC of radio j network sends back MI_P_ ENTI.response primitive as the response to the MI_P_ ENTI.request primitive from the anchor PC of radio k network. It is the same message sent to the anchor PC of radio i network.

5) When the PMIHF in anchor PC of radio k network received all required MI_P_ENTI.response primitive messages, it sends the MI_P_ENTI.response primitive to the initiator to indicate that the dormant mode entry procedure is finished.
7.6 Dormant Mode Exit

The MN may initiate multiple radio interfaces to exit from dormant mode simultaneously for some reason.  In such cases, this command shall be transmitted from one radio network to those target networks, then, the dormant mode exit procedure may be initiated by the network.  
Radio k network may make an application of the procedure in Fig 8.

[image: image14]
Figure 8 Dormant Mode Exit Procedure

6) The MN needs to exit from dormant mode on radio j network, radio i network and radio k network simultaneously.

7) The PMIHF in the MN sends MI_P_EXII.request primitive to the anchor PC of radio k network, in which the interface IDs indicates the related interface with dormant mode exit procedures.  

8) The PMIHF in the PC of radio k network forwards MI_P_ EXII.request primitive to the anchor PC of the radio j network, in which it includes paging information of the MN on radio j network.  Also it forwards MI_P_EXII.request primitive to the anchor PC of the radio i network.

9) The anchor PC of radio j network sends back MI_P_EXII.response primitive as the response to the MI_P_ EXII.request primitive from the anchor PC of radio k network. It is the same message sent to the anchor PC of radio i network.

When the PMIHF in anchor PC of radio k network received all required MI_P_EXII.response primitive messages, it sends the MI_P_EXII.response primitive to the initiator to indicate that the dormant mode exit procedure is finished.
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