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1   Introduction

 The purpose of this document is to identify requirements to be satisfied by IEEE 802.16 specification for supporting MIH Services as specified by the IEEE 802.21 specification. This document also includes suggestions for possible amendments to the IEEE 802.16g specification for satisfying the identified requirements.
Scope of IEEE 802.16g Specification 
The IEEE 802.16g specification (current revision IEEE 802.16g-05/008, August 2005 http://ieee802.org/16/netman/docs/80216g-05_008.pdf specifies amendments to 802.16 Air Interface for Fixed and Mobile Broadband Wireless Access Systems. These amendments are for Management Plane Procedures and Services.

The 802.16g specification includes primitives which are exposed to upper layers in a consistent manner for use by control and management plane protocols. The network that manages and controls the 802.16 device is abstracted as a Network Control and Management System (NCMS) that interfaces with the base stations. The NCMS is made up of several different functional entities that may be centrally located or distributed across the network. The exact functionality of these entities is outside the scope of the 802.16g specification. Any necessary inter-BS coordination in is handled through the NCMS. NCMS protocols are not included in the 802.16g specification.

The 802.16g specification only describes the management and control interactions between MAC/PHY/CS layers of the 802.16 devices and the NCMS. The specification also includes the definition of various Information Elements (IEs) and other protocol primitives that are exposed using Service Access Points (SAPs). This includes CS, MAC and PHY layer context information used by NCMS protocols to manage and control the air interface.
2   Requirements

This section identifies specific 802.21 requirements that need to be met by the 802.16g(?) specification.
2.1 The NCMS shall support MIH Function services for MS and BS.
2.2 The 802.16 Reference Model shall support MIH Function services. Both the 802.16 SS and BS shall support these MIH Function services.
2.3 The 802.16 specification shall support link layer events as specified in the 802.21 specification. For each link layer event this may result in definition of a new primitive, or change in semantics of an existing primitive or just identification of an existing primitive with appropriate semantics in the 802.16 specification. The link layer events are identified in Table-1 in IEEE 802.21 specification.
2.4 The 802.16 specification shall support link layer commands as specified in the 802.21 specification. For each link layer command this may result in definition of a new primitive, or change in semantics of an existing primitive or just identification of an existing primitive with appropriate semantics in the 802.16 specification.
2.5 The 802.16 specification shall support a L2 transport for transferring remote events and remote command messages over the air interface between MIH Function on SS/MS and MIH Function on PoA (BS). The Remote event and remote command messages shall be transferable over either a basic connection or a primary connection.
2.6 The 802.16 specification shall support a new ethertype for MIH. 
2.7 The 802.16 specification shall support interactions between MIH Function on BS and MIH Function on some other PoA (such as AP in 802.11 network). These shall be supported as interactions between 802.16 BS and NCMS.
2.8 The 802.16 specification shall support Information Elements identified by the 802.21 specification.
2.9 The 802.16 specification shall support a L2 transport for querying/setting information elements (IEs) over the air interface between MIH Function on SS/MS and MIH Function on PoA (BS). The IEs shall be transferable over either a basic connection or a primary connection.
2.10 The 802.16 specification shall support MIH capable BS’s MIH Capability Delivery through broadcast message. This shall be accomplished by including capability information recommended by 802.21 specification in both DL-MAP message and Neighbor Advertisement (MOB_NBR-ADV) MAC management message. 

2.11 The 802.16 specification shall support advertisement of heterogeneous network information as specified by 802.21 specification. The advertisement shall be achieved by including heterogeneous network information in the Neighbor Advertisement (MOB_NBR-ADV) MAC management message. 
3 Suggested Amendments
3.1 The NCMS shall include support for MIH Function Services as shown in Fig-1 below. The MIH Function Services shall provide support for MIH Event service, MIH Command service and MIH Information service.
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Fig 1: Update to NCMS Entities
3.2 The 802.16 Reference Diagram shall be updated as per Figure 2. The C_SAP and M_SAP SAPs shall be amended to add support for 802.21 primitives.
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Fig 2: MIH Reference Diagram for 802.16
3.3 The following set of events supported in the 802.21 specification shall be supported. (Table-1)
	Event Identifier


	Event Type
	Event Name
	Description
	Comments
	802.16 Primitive

	1
	State Change
	Link Up
	L2 connection has been established


	
	Registration.confirmation

	2
	State Change
	Link Down
	L2 connection has been broken


	
	

	3
	Predictive
	Link Going Down
	L2 connection loss is imminent


	
	

	4
	State Change
	Link Detected
	A new link has been detected


	
	

	5
	State Change
	Link Parameters Change
	Link parameters has crossed specified threshold
	
	

	6
	Administrative
	Link Event Rollback
	Link event needs to be rolled back since the predictive event did not occur as expected
	
	

	7
	Link Transmission
	Link SDU Transmit Success
	Success in transmitting SDU


	These may be deleted from 802.21 draft
	

	8
	Link Transmission
	Link SDU Transmit Failure
	Failure in SDU transmission


	These may be deleted from 802.21 draft
	

	9
	Link Synchronous
	Link Handoff Imminent
	
	These may be deleted from 802.21 draft
	

	10
	Link Synchronous
	Link Handoff Proceeding
	
	These may be deleted from 802.21 draft
	

	11
	Link Synchronous
	Link Handoff Complete
	
	These may be deleted from 802.21 draft
	

	…..
	……
	……
	
	
	


3.4 The following set of link commands shall be specified in the 802.16 specification:

<No link level commands have currently been identified in 802.21 draft>
3.5 The 802.16 specification shall support Information Elements identified by the 802.21 specification. The following set of basic information elements shall be supported:

- General set of 802.21 IEs: (These are independent of access technology)
	Seq. No.
	Name of IE
	Type
	Possible values
	Comments

	1

	Network_Operator
	String
	
	

	2
	Networks_supported
	Bitmap

	802.3, 802.11a, 802.11b, 802.11g, 802.16a, 802.16d, 802.16e, GSM, GPRS, W-CDMA, CDMA2000, …

	

	3
	Location_LatLong
	Real
	(x-value, y-value)

	

	4
	Roaming_List_Available
	Boolean
	Specifies if list of roaming partner agreements is available


	

	5
	Media_Independent_Neighbor_List_Available


	Boolean
	Specifies if neighbor reports comprising of list of Points of Attachments (PoA) for different networks is available.


	


       - Basic set of 802.16 specific IEs
	Seq. Nr.
	Name of IE
	Type
	Possible values
	Comments

	1
	Cipher_Suites
	Bitmap
	None,

	

	2
	Âuthentication_Methods
	Bitmap
	None, 

	

	3
	Link_Cost
	String

	Cost of using access link  and other services


	

	4
	IP_Version
	Bitmap
	v4, v6


	IP version supported by network

	5
	Data_Rates
	Real
	(min_rate, max_rate)

	

	6
	Higher Layer Services Supported
	Bitmap
	ISP(0), IMS(1), MMS(2), MIP(3), NAT(4), VPN(5),  SIP(6), Local_device_support(6), …

	Are these really useful?

	7
	Quality_of_Service
	Bitmap


	
	Do we need this?

	8
	Neighbor Maps

	
	
	A new MIH neighbor report format shall be defined and recommended by 802.21



3.6 A new MIH ethertype shall be defined. The MIH payload shall be encapsulated in 802.3 frames and sent using CS_SAP over the air interface (data plane).
· The 802.16 specification shall support interactions between MIH Function on SS and MIH Function on some other PoA (such as AP in 802.11 network). These shall be supported as interactions between BS and NCMS. Following is a list of handover commands and interactions between MIH Function entities supported by 802.21 specification.
	Id


	Command Name
	MIHF <> MIHF
	Description
	Comments

	1
	MIH Handover Initiate
	Client <> Network PoA
	Initiates handovers and sends a list of suggested networks and suggested PoA.


	Covered by HO Request

	2
	MIH Handover Prepare
	Network (oPoA) <> Network (nPoA)


	This command is sent by MIHF on oPoA to MIHF on suggested new network at nPoA. This allows the client to query for resources on nPoA and also allows to prepare the nPoA for handover


	New primitive needs to be defined

	3
	MIH Handover Commit


	Client <> Network
	In this case the client commits to do the handover based on selected choices for network and PoA.


	Covered by HO Confirmation

	4
	MIH Handover Complete


	Network (nPoA) <> Network (oPoA)


	This is a notification from nPoA to oPoA that handover has been completed, new PoA has been established and any pending packets may now be forwarded to the new nPoA.


	New primitive needs to be defined

	5
	MIH Network Address Information
	Network (nPoA) <> Network(oPoA) <> Network (Access Router/ Foreign Agent)
	This command is sent by MIHF on oPoA to MIHF on suggested new network at nPoA. nPoA may relay this command to the AR with MIHF. This allows the client to have network address related information prior to the handover to the nPoA.

	New primitive needs to be defined


3.7 The Mobility parameters specified in section 14.5.9.1 shall be modified to cover inter-technology handovers.

· Handover Context for Connections

· Neighbor BS List Management 

3.8 The following handover primitives defined in 802.16g specification in section 14.5.9.7.1, interactions between BS and NCMS, shall be amended to support inter-technology handovers as per 802.21 specification.

HO Request

HO Indication

HO Response

HO Confirmation

HO Start

HO Cancel

HO Directive

The parameters defined in the Handover primitives need to be changed/updated as follows.
	No


	Current Parameter
	Changes or 

Equivalent New Parameter 

	Comments

	1
	HO Type
	Add Inter-Technology Handover (MIH) as an option

	Specifies type of handovers

	2
	Serving BS ID
	Use (Network Id + PoA ID) for MIH based inter-technology handovers


	Specifies current Point of Attachment

	3
	Candidate Target BS List

	Use (Network Id + Candidate Target PoA list) for MIH based inter-technology handovers


	Specifies candidate list of target PoA on available networks

	4


	Recommended Target BS List

	Use (Network Id + Recommended Target PoA list) for MIH based inter-technology handovers


	Specifies recommended candidate list of target PoA on available networks



	5


	HO Quality Information
	
	

	6


	MSS Access Information
	
	

	7
	Newly Allocated Information

	
	


The primitives in section 14.5.9.7.1 can be updated as follows:
14.5.9.7.1.1 HO Request

· Serving BS ID (Network + PoA ID)

· MSS ID

· HO Type: Add MIH (inter technology Handover) option

· Mode

· Candidate target BS list

· Service Flow Information

· (Network Id + Candidate target PoAs) list

14.5.9.7.1.2 HO indication
· Serving BS ID (Network + PoA ID)

· MSS ID

· HO Type: Add MIH (inter technology Handover) option

· Mode

· Service Flow Information
· HO Quality Information

14.5.9.7.1.3 HO response
· MSS ID

· HO Type: Add MIH (inter technology Handover) option

· Mode

· Recommended Target BS List

· (Network ID + Recommended Target PoAs) List
14.5.9.7.1.4 HO confirmation
· Target BS ID

· (Target Network ID + target PoA ID)
· MSS ID
· Result Flag
· HO Type: Add MIH (inter technology Handover) option

· Mode

· MSS Access Information

· Newly Allocated Information

· HO Quality Information
14.5.9.7.1.5 HO start
· MSS ID

· HO Type: Add MIH (inter technology Handover) option

· Mode
· Target BS ID
· (Target Network ID + Target PoA ID)

14.5.9.7.1.6 HO cancel
· MSS ID

· HO Type: Add MIH (inter technology Handover) option

· Mode

14.5.9.7.1.3 HO directive
· MSS ID

· HO Type: Add MIH (inter technology Handover) option

· Mode

· Recommended Target BS List

· (Network ID + Recommended Target PoAs) List
3.9 The following additional primitives shall be defined:
The IEEE 802.16 MAC supports the following primitives which are delivered through C_SAP (Control Service Access Point) or M_SAP (Management Service Access Point) interfacing with NCMS (Network Control and Management System). 

· M_Ranging.request/indication/response/confirmation 

· M_Registration.request/indication/response/confirmation 

· M_Neighbor.indication 

· M_ScanScheduling.request/indication/response/confirmation 

· M_Scanning.request/confirmation 

· M_MACHandover.request/indication/response/confirmation 

· M_HOIND.request/confirmation 

· M_Management.request/indication/response/confirmation 

The use of these primitives to provide peer communication is shown in Figure 3. The use of primitive can be divided into two categories. The first category is with interaction with the peer entity, and the second category is primitive exchange within local stack. 

The initial request for service from a higher layer through NCMS is provided by the “Request” primitive. The request triggers to generate appropriate MAC management message and the MAC management message is sent across the air interface to the peer MAC. Upon reception of the MAC management message over the air interface, corresponding “Indication” primitive is generated to inform NCMS of the request; When the response for the request is made from the higher layer, the response is delivered through the NCMS by the “Response” primitive. The response triggers to generate appropriate response MAC management message and this message is transmitted over the air interface to the originating side. Upon reception of the response MAC management message over the air interface, corresponding “Confirmation” primitive is generated and delivered to higher layer via NCMS. 

Primitives exchange for the unidirectional MAC management messages, which don’t require response messages, such as MOB_HO-IND, MOB_TRF-IND, and for the local management of the MAC state machine, is shown in Fig. 3, (2). The initial request for service from a higher layer through NCMS is provided by the “Request” primitive. The request triggers either to generate appropriate unidirectional MAC management message or MAC state change depending on the primitive. “Confirmation” primitive conveying the result of the request is delivered to the higher layer through NCMS. 
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Fig 3: The use of primitives to generate MAC management messages
· M_Ranging.request/indication/response/confirmation:
Upper layers can control ranging procedure with these primitives. Upper layers shall commence 802.16 link setup procedure by sending M_Ranging.request primitive through NCMS. 

Note) M_Ranging.request primitive with ranging type: “initial” is an 802.16 Link Switch Link Command (link setup) which corresponds to Link Switch MIH command. 
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Fig 4: The use of Ranging Primitives
· M_Registration.request/indication/response/confirmation 
Upper layers can control registration procedure with these primitives. Upper layers are notified of link setup by M_Registration.confirmation. 

Note) M_Registration.confirmation primitive is an 802.16 Link_Up Link Event. 
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Fig 4: The use of Registration Primitives
· M_Neighbor.indication 

When 802.16 MAC receives neighbor advertisement (MOB_NBR-ADV), this primitive is used to deliver the information to upper layers. 

Note) When 802.21’s recommendation is accepted by 802.16 working group and heterogeneous network information can be delivered through MOB_NBR-ADV, this primitive shall include heterogeneous network information. 
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Fig 4: The use of Neighbor Advertisement Indication Primitives
· M_ScanScheduling.request/indication/response/confirmation 

Upper layers can schedule scanning period with BS. During scanning period BS may buffer downlink traffic to the mobile terminal. 
Note) In 802.21 working group, usefulness of Scan Scheduling shall be investigated. 
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 Fig 5: The use of Scan Scheduling Primitives
· M_Scanning.request/confirmation 

Upper layers can command autonomous scanning with these primitives. 
Note) These primitives are Scan Link Command for MIH Scan command in 802.21. 
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Fig 6: The use of Scanning Primitives
· M_MACHandover.request/indication/response/confirmation 

Upper layers can control handover procedure by using these primitives. 
Note) These primitives can be used as link commands for MIH_Handover_initiate.request/response. For remote command service, 802.16 MAC management messages shall be used. (MOB_MSHO-REQ/MOB_BSHO-REQ/MOB_BSHO-RSP)
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Fig 7: The use of Handover Primitives
· M_HOIND.request/confirmation 

An MS transmits a MOB_HO-IND message for final indication that is about perform a HO. 

Note) This primitive is a Link Command of MIH_Handover_Commit.request/response MIH Command in the .21 draft.  For remote service, 802.16 MAC management message shall be used. (MOB_HO-IND)
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Fig 8: The use of Handover Indication Primitives
· M_Management.request/indication/response/confirmation 

These primitives are used to manage the status of mobile terminal. Upper layer can change the status of mobile terminal into power on/down/hold/de-register, etc. 
Note) These can be mapped to MIH Configure MIH Command Service. For remote service, 802.16 MAC management messages can be used. (RES-CMD/ DREG-CMD)
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(a) Mobile registration deregistration from the BS and power off
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(b) Mobile node status management (reset / Power Down / Power On)
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(c) Remote Reset by BS
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(d) Remote control by BS 
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(e) Remote control by BS 
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