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Abstract

This document contains a normative text proposal in support of a Media Independent Handover Quality of Service model.
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Motivation and Objectives
This contribution proposes to include a QOS framework within the IEEE 802.21 specifications. Key features of this framework include a set of performance measurements that: 
1. are derived from media and technology specific parameters.

2. scale well across different media types

3. can be provided as a service to the MIH user (e.g., a mobility management application)

In addition, this  MIH QOS framework includes a set of primitives in order to: (for cases below, see references [1]-[4] first)
1. communicate MIH user (or application) QOS requirements to the MIH. The purpose of the  provision of this information is two fold: 1)  MIHF uses these requirements to determine the acceptable QoS levels supporting a specific application on multiple layers and  2) MIH might use this information to set QoS thresholds across multiple layers
2. extract network specific measurements . Note that some metrics and measurements might  already exist in other technologies, however the primitives to make these measurements available to other layers and/or devices may not necessarily be there.
3. set trigger thresholds for these measurements . In order to track some measurements, the MIHF is either notified when these parameters exceed certain thresholds, or it could inquire about the parameter value every time it is needed.
4. report QoS events upon threshold crossing. Note that no new events are required.
5. report real-time measurements to the MIH user.  In this context, real-time refers to network measurements that vary over time.
QoS Requirements
MIH services are geared towards facilitating handovers among heterogeneous network technologies in order to provide seamless mobility and ubiquitous connectivity (“always best connected”). The idea being that the MIH services are expected to  improve the network performance during a handover (let us call this type 1 QOS) in addition to improving the overall network performance end-to-end (type 2 QOS). Observe that type 1 relates to the seamless mobility while type 2 refers to ubiquitous connectivity and “best connected”
Providing seamless mobility has specific performance implications with respect to the application requirements, this includes:
· Minimize handover latency so as to minimize the end-to-end delay and meet the application delay requirements 

· Minimize the packet loss incurred during a handover so as to minimize the end-to-end packet loss and meet the application packet loss requirements.

Providing seamless mobility has specific performance implications with respect to the network performance perceived by the application and how well it meets the application quality of service requirements. For example, 
· Minimizing the handover latency can result in reducing the end-to-end delay and therefore is able to better meet the application delay requirements. 

· Minimizing the packet loss incurred during a handover leads to reducing the end-to-end packet loss and therefore is able to better meet the application packet loss requirements.

Proposed MIH QoS Model and normative text additions to the draft D01.

We propose to replace section 5.1.3 on page 13 with the following text: 

MIH Quality of Service Model

Note that MIHF supports seamless mobility as an enabler, however  MIHF alone cannot guarantee seamless mobility ,The MIH services defined by the IEEE 802.21, including event, command, and information service, need to consider the resulting network performance objectives and how well they meet the application quality of service requirements. Note however that this does not necessarily refer to requirements placed on the particular service but rather the QOS achieved as a result of the provision of a particular MIHF service.The performance implications to consider from the MIH perspective include both the transient network performance achieved during a handover as well as the continuous monitoring of current network conditions. Depending on the QOS requirements of the end-2-end application, ,seamless mobility implies minimizing the latency,  and potential loss incurred during a handover so as to minimize the end-to-end delay and loss perceived by the application. Seamless mobility also implies the timely assessment of network conditions, such as the monitoring of the signal strength, packet loss, on the link, on both current and target networks in order to optimize the handover decision and its execution

The IEEE 802.21 specification provides Quality of Service Model (QOSM) to quantitatively characterize seamless mobility It allows us to determine the specific QoS that can satisfy the requirements of an application so that a user of such application is not disrupted by the change in link layer technology or access network, see  also ref [3]) and the services provided by the MIH function. This model consists of a set of QoS performance metrics and primitives to handle the exchange and configuration of media specific QoS parameters and application requirements.  Key features include performance measurements that scale well across different media types and can be provided as a service to the user of MIH function. Reference [1] specifies in detailed the required QoS parameters outlined in this document. Reference [2] provides a view of how QoS can be measured at ingress and egress.
The MIH QOSM consists of the following performance metrics: 

1. Packet Transfer Delay (PTD): upper bound on the mean delay. 

2. Packet Delay Variation (PDV): upper bound on the 1-10-3 quantile on the PTD minus the minimum IPTD.

3. Packet Loss Ratio (PLR): upper bound on the packet loss probability. 

4. Packet Error Ratio (PER): upper bound on the number  of errored packets. An error in a packet could be characterized as  E.g.,a bit flipped see ref [1]) per total packets sent. 

5. Throughput (bits/s): the number of bits (only good packets are considered) successfully received divided by the time it took to transmit them over the medium.. Note that this considerations need to be aligned/liaisoned with the ongoing work at ITU-T SG 12 for definition of parameters related to throughput in ITU-T Rec. Y.1540)
The MIH QOSM is a key component in supporting the application quality of service requirements end-to-end  Along a network path where multiple access network technologies are concatenated together, the end-to-end network performance is obtained by concatenating the performance achieved on each network segment. Since at the IP layer, the network performance is agnostic to the underlying layer 2 technologies, it is envisioned that existing IP layer (and higher layer) performance measures and transportation mechanisms, such as the QOS signaling defined by the IETF Next Steps in Signaling (NSIS) group are used to assess the end-to-end network performance.. (see ref [1] and ref [3])
QoS Parameter Discovery

We propose to add the following MIH/Link commands for discovering  QoS related link and network specific parameters.
Add the following command to Table 4, section 6.2.6.1, on page 41

· MIH Parameter Discover: Discover higher layers specific QoS parameters as follows:
	No
	MIH Command
	(L) ocal, (R) emote
	Remote Direction
	Comments

	1
	 MIH Get Status
	L, R
	Network -> Client
	Get the status of links

	2
	 MIH Switch
	L, R
	Network -> Client
	Switch the links as specified

	3
	 MIH Configure
	L, R
	Network -> Client
	Configure a link

	4
	MIH Configure Thresholds
	L,R
	Network-> Client
	Configures thresholds for link events

	5
	 MIH Scan
	L, R
	Network -> Client
	 Scan a link

	6
	MIH Handover Ini tiate
	L, R
	Client -> Network

Network -> Client
	Network or client may initiate handover and send a list of suggested networks and associ ated Points of Attachment

	7
	MIH Handover Pre pare
	L, R
	Network -> Net work
	This command is sent by current MIHF entity to target MIHF entity to allow for resource query and handover preparation.

	8
	MIH Handover Com mit
	L, R
	Client -> Network,

Network -> Client
	In this case the client or network commits to do the handover and sends the choice of selected network and associated PoA.

	9
	MIH Handover Com plete
	L, R
	Client -> Network, Network -> Net work
	Notification from new serving MIHF to previ ous serving MIHF indicating handover com pletion, and any pending packets may now be forwarded to the new MIHF.

	10
	MIH Network Address Information
	L, R
	Network -> Net work
	Sent from current serving MIHF entity to tar get MIHF entity to obtain reconfigured net work address on target network for the client.

	11
	MIH Parameter Discovery
	L, R
	Client->Network
	Discover Higher Layer specific QoS parameters


Add the following command to Table 5, section 6.2.5.2, page 41

Link Parameter Discover: Discover link layer specific QoS parameters as follows:

	No
	Link Command
	Comments

	1
	 Link Configure Thresholds 
	Configure the thresholds for various link layer events such as Link Going Down

	2
	Link QoS Parameter Discovery
	Discover link layer specific QoS parameters (Why discover?…this should already be avialable from the different links..The information is indeed available, however MIHF needs to requested as is not delivery automatically to it)


Add the following MIH primitive for discovering network specific QoS parameters as follows:

Table 14-MIH_SAP Primitives

	No
	Primitives
	Service Category
	Description

	1
	MIH Capability Discover
	System Man​agement
	Discover list of Events and Commands supported by MIH Function.

	2
	MIH Event Register
	Event 
	Register for MIH event notifications

	3
	MIH Event DeRegister
	Event 
	Deregister for MIH event notifications

	4
	MIH Link Up
	Event
	L2 connection has been established

	5
	MIH Link Down
	Event
	L2 connectivity is lost

	6
	MIH Link Going Down
	Event
	L2 connectivity is predicted to go down

	7
	MIH Link Event Rollback
	Event
	Predicted event has not occurred and hence event indication must be rolled back

	8
	MIH Link Parameters Report
	Event
	Link parameters have crossed specified threshold

	9
	MIH Link SDU Transmit Status
	Event
	Indicate transmission status of all PDU segments

	10
	MIH Link Handover Imminent
	Event
	L2 handover is imminent

	11
	MIH Link Handover Complete
	Event
	L2 handover has been completed

	12
	MIH Get Status
	Command
	Get the status of link

	13
	MIH Switch
	Command
	Switch session between specified links

	14
	MIH Configure
	Command
	Configure link parameters and parameter thresholds

	15
	MIH Configure Thresholds
	Command
	Configure thresholds for Link events

	16
	MIH Scan
	Command
	Scan the network

	17
	MIH Handover Initiate
	Command
	Initiate handover

	18
	MIH Handover Prepare
	Command
	Prepare for handover and query available resources

	19
	MIH Handover Commit
	Command
	Mobile node has committed to handover

	20
	MIH Handover Complete
	Command
	Handover has been completed

	21
	MIH Network Address Informa​tion
	Command
	Obtain network address on new link

	22
	MIH Get Information
	Information
	Request to get information from repository

	23
	MIH QoS Parameter Discovery
	Command
	Discover higher layer sepecific QoS parameters


Add the following link layer primitive for discovering link layer specific QoS parameters as follows:

	No
	Primitives
	Service Category
	Description

	1
	Link Event Discover
	System Man​agement
	Discover link capabilities

	2
	Link Event Register
	Event
	Register for event notifications

	3
	Link Event Deregister
	Event
	Deregister for event notifications

	4
	Link Configure Thresholds
	Command
	Configure link thresholds for Link events

	5
	Link Up
	Event
	L2 connectivity is established 

	6
	Link Down
	Event
	L2 connectivity is lost

	7
	Link Going Down
	Event
	L2 connectivity loss is imminent

	8
	Link Event Rollback
	Event
	Predicted event has not occurred and hence event indication must be rolled back.

	9
	Link Parameters Change
	Event
	Link parameters have crossed specified thresholds

	10
	Link SDU Transmit Status
	Event
	Indicate transmission status of all PDU segments

	11
	Link Handover Imminent
	Event
	L2 handover is imminent

	12
	Link Handover Complete
	Event
	L2 handover has been completed

	13
	Link Get Information
	Information
	Request for IEs 

	14
	Link QoS Parameter Discovery
	Command
	Discover link specific QoS parameters (Again why do you really need this? See above)


This primitive can be derived from existing link layer information. Existing link layer technologies already provide some form of QoS information albeit not in an uniforme fashion.
7.3.20 Link_QoS_Parameter_Discovery.request
7.3.20.1 Function
This primitive is used by the MIH function to request the set of QoS parameters supported by a specific link layer technology.
7.3.20.2 Semantics of Service Primitive
Link_QoS_Parameter_Discovery.request

(







)

7.3.20.3 When generated
This primitive is generated by the MIH function when attempting to retrieve the set of QoS parameters supported by a specific link layer technology.

7.3.20.4 Effect on receipt
The specific link layer entity returns the set of QoS parameters supported through a Link_QoS_Parameters_Discovery.response primitive.

7.3.21 Link_QoS_Parameter_Discovery.confirm
7.3.21.1 Function
This primitive is used by a link layer entity to provide the set of QoS parameters that it supports.
7.3.21.2 Semantics of Service Primitive
Link_QoS_Parameter_Discovery.request

(







SupportedQoSParameterList







)

	Name
	Type
	Valid Range
	Description

	SupportedQoSParameterList
	Set of QoS Parameter IDs
	Set of valid QoS parameters
	List of QoS Parameters supported by the link layer




7.3.21.3 When generated
This primitive is generated by a link layer entity when responding to a request for supported QoS parameters.
7.3.21.4 Effect on receipt
The MIH function might use this information to provide a higher layer function with a list of QoS parameters supported by the link layers providing services to MIH.
7.4.16 MIH_QoS_Parameter_Discovery.request
7.4.16.1 Function
This primitive is used by the MIH user to request the set of QoS parameters supported by a specific link layer technology
7.4.16.2 Semantics of Service Primitive
MIH_QoS_Parameter_Discovery.request

LinkLayerTechnology (3GPP, 3GPP2, 802.11, 802.16)






)

7.4.16.3 When generated
This primitive is generated by the MIH user when attempting to retrieve the set of QoS parameters supported by a specific link layer technology.

7.4.16.4 Effect on receipt
The specific network entity returns the set of QoS parameters supported through a MIH_QoS_Parameters_Discovery.response primitive. These parameters are the parameter defined in section “QoS Parameters Requirements
‘

7.4.17 MIH_QoS_Parameter_Discovery.response
7.4.17.1 Function
This primitive is used by a network entity to provide the set of QoS parameters that it supports.

7.4.17.2 Semantics of Service Primitive
MIH_QoS_Parameter_Discovery.request

(







SupportedQoSParameterList







)

	Name
	Type
	Valid Range
	Description

	SupportedQoSParameterList
	Set of QoS Parameter IDs (what are these IDs)
	Set of valid QoS parameters (what are these parameters)
	List of QoS Parameters supported by the Network



7.4.17.3 When generated
This primitive is generated by a network entity when responding to a request for supported QoS parameters.

7.4.17.4 Effect on receipt
The MIH function might use this information to provide a list of QoS parameters available by different networks. 
QoS Parameter Requirements
We propose the add the following primitives to provide an MIH User (e.g., a mobility management application) with a standardized interface that allows a consistent and a generic mechanism for defining QoS requirements and retrieving media specific QOS measurements.

The primitives are defined as follows:

X.1.1 MIH_Required_QoS.request
X.1.1.1 Function
This primitive is used by the MIH user to set QoS parameter requirementsThe MIHF function can set thresholds within the relevant Link Layer technology that will trigger events when crossed. The MIHF user sets these requirements based on the particular application supported by the link layer technology. By setting these requirements the application guarantees that the supporting link layer technology complies with its requirements. See also ref [1] and ref [3] and INFO_SPEC in ref [4].
X.1.1.2 Semantics of Service Primitive
MIH_Required_QoS.request

(







QoSParameterType1







.







.







.







QoSParameterTypen







)

	Type
	Type
	Length
	Description

	PacketTransferDelay
	Identifier
	8
	Upper bound on the mean delay measured in ms

	PacketDelayVariation
	Identifier
	8
	Difference between the upper and lower quantile of the delay variation measured in ms. (E,g.Difference between measurements taken at 99.9 percentile and the 0.1 percentile)  

	PacketLossRatio
	Identifier
	8
	Upper bound on the packet loss probablility

	PakcetErrorRatio
	Identifier
	8
	Upper bound on the number of packets in error per total packets sent

	Throughput
	Identifier
	8
	Number of bits successfully received divided by the time it took to transmit them over the medium, measured in bits per second


	QoS Parameter Type
	Identifier

	PacketTransferDelay
	1

	PacketDelayVariation
	2

	PacketLossRatio
	3

	PakcetErrorRatio
	4

	Throughput
	5


X.1.1.3 When generated
This primitive is generated by the MIH User when setting the required values for one or many QoS parameters
X.1.1.4 Effect on receipt
The MIH Function shall set the relevant parameter requirements as specified by the QoSParameterType.
X.1.2 MIH_Required_QoS.response
X.1.2.1 Function
This primitive is used by the MIH Function to provide the result of a command to set the QoS parameter requirements
X.1.2.2 Semantics of Service Primitive
MIH_Required_QoS.response

(







QoSParameterSettingResultList






)

	Type
	Length
	Description

	QoSParamterSettingResultList
	Variable
	For each request, a value “1” indicates that the request was granted and a value “0” indicates that the request was rejected


X.1.2.3 When generated
This primitive is generated by the MIH Function when responding to a request to set QoS parameter requirements.
X.1.2.4 Effect on receipt
The MIH User might use this information to determine subsequent operation on the current link
X.1.3 MIH_Required_QoS.indication
X.1.3.1 Function
This primitive is used by the MIH function to provide an indication  to an MIH User that requirements on specific QoS parameters can no longer be met. Note that the application itself (i.e.,MIHF user) determines specific requirements that ought to be met. See also ref [1] and ref [3] and INFO_SPEC in ref [4].)
X.1.3.2 Semantics of Service Primitive
MIH_Required _QoS.indication

(







QoSParameterType1







.







.







.







QoSParameterTypen







)

X.1.3.3 When generated
This primitive is generated by the MIH function when requirements on specific QoS parameters can no longer be met as determined by the application. See also ref [1] and ref [3] and INFO_SPEC in ref [4].
X.1.3.4 Effect on receipt
The MIH User might use this information to determine whether or not a handover operation shall be triggered.
QoS Modifications to existing draft text

In section 7.3.7. we propose to replace the exiting table with the following table:

	Name
	Type
	Valid Range
	Description

	QoSParameterList
	List
	N/A
	A list of QoS parameters supported by the link layer for which a threshold setting operation is required .

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


In section 7.3.8.2 we propose to replace the existing table with the following table:
	Name
	Type
	Valid Range
	Description

	QoSParameterListStatus
	List
	N/A
	A list of QoS parameter for which thresholds have been set

	
	
	
	

	Status
	Enumerated
	Success

Error
	Status of operation


In section 7.3.14.2 modify the existing table according to the following:
	Name
	Type
	Valid Range
	Description

	MacMobileNode
	MAC Address 
	N/A
	MAC Address of Mobile Node

	MacAccessRouter
	MAC Address (Optional)
	N/A
	MAC Address of current Access Router (if any)

	Num LinkParameters
	INTEGER
	0-65535
	Number of parameters in LinkParamterList

	QoSParameterList
	List
	N/A
	A list of triplets of {QoSParameter, oldValueofQoSParameter, newValueOf​QoSParameter)
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