November 2001

doc.: IEEE 802.11-01/538r0

IEEE P802.11
Wireless LANs

IEEE802.11h
Layer Management Extensions for
Spectrum Management

Date:
November 5, 2001

Author:
S. Black1, S. Choi2, and A. Soomro2

Nokia Networks1 and Philips Research2 
e-Mails: simon.a.black@nokia.com, [sunghyun.choi, amjad.soomro]@philips.com

Abstract

This paper describes proposed additions to the IEEE802.11 MAC Layer Management Entity Service Access Point (MLME SAP) interface defined in IEEE 802.11-1999 [1] to support the spectrum management services defined in [2] with the IBSS extensions proposed in [3].

1. Management Model

In common with §10.3 of [1], the services described in this paper are described in an abstract way. No particular implementation or exposed interface is implied in the specification.

The layer management extensions described assume a certain partition of Spectrum Management functionality between the MLME and SME. For DFS, in the model assumed here, the control of channel measurement and channel selection reside in the SME, while the process and protocol for measurement initiation and report forwarding are in the MLME. The actual channel switch in this model may be achieved at the appropriate time through the MLME-PLME interface. For TPC, the selection of local transmit power is by the SME.

2. Extension of Existing Primitives

This section specifies the additional parameters required in the existing MLME primitives specified in §10.3 of [1]. Additional information carried in existing parameters is not covered, e.g. the additional sub-fields in the Capability Information parameter to several primitives.

2.1 MLME-START.request

Add the following primitive parameters:

MLME-START.request
(


:


:


Country,


 Local Maximum Transmit Power,


IBSS DFS Interval,


IBSS DFS Recovery Interval


)

	Name
	Type
	Valid Range
	Description

	Country
	As defined in the Country Element format
	As defined in the Country Element format
	The information required to identify the regulatory domain in which the STA is located and to configure its PHY for operation in that regulatory domain.

	Local Maximum Transmit Power 
	As defined in the Power Constraint Element format
	-42 – 0 
	The local Maximum Transmit Power relative to the specified Maximum Transmit Power Level in the Country element
The value is in dB, and can have a multiple of -3.

	IBSS DFS Interval
	Integer
	1 – 65535
	Only present if BSSType = INDEPENDENT

The maximum time in normal operation that an IBSS will remain on a channel without re-evaluating the interference characteristics of that channel.

	IBSS DFS Recovery Interval
	Integer
	1 – 255
	Only present if BSSType = INDEPENDENT

The time interval that shall be used between a DFS Interval expiry and the switch to a new channel during the DFS Recovery procedure.


2.2 MLME-ASSOCIATE.request

Add the following primitive parameters:

MLME-ASSOCIATE.request
(


:


:


Power Capability,


Supported Channels


)

	Name
	Type
	Valid Range
	Description

	Power Capability
	Signed Integer
	-127 – 128
	The maximum power (EIRP in dBm) at which the STA is capable of transmitting in the current channel.

	Supported Channels
	As defined in the Supported Channels Element format
	As defined in the Supported Channels Element format
	Defines the channels in which the STA is capable of operating.


2.3 MLME-ASSOCIATE.indication

Add the following primitive parameters:

MLME-ASSOCIATE.indication
(


:


:


Power Capability,


Supported Channels


)

	Name
	Type
	Valid Range
	Description

	Power Capability
	Signed Integer
	-127 – 128
	The maximum power (EIRP in dBm) at which the STA is capable of transmitting in the current channel.

	Supported Channels
	As defined in the Supported Channels Element format
	As defined in the Supported Channels Element format
	Defines the channels in which the STA is capable of operating.


2.4 MLME-REASSOCIATE.request

Add the following primitive parameters:

MLME-REASSOCIATE.request
(


:


:


Power Capability,


Supported Channels


)

	Name
	Type
	Valid Range
	Description

	Power Capability
	Signed Integer
	-127 – 128
	The maximum power (EIRP in dBm) at which the STA is capable of transmitting in the current channel.

	Supported Channels
	As defined in the Supported Channels Element format
	As defined in the Supported Channels Element format
	Defines the channels in which the STA is capable of operating.


2.5 MLME-REASSOCIATE.indication

Add the following primitive parameters:

MLME-REASSOCIATE.indication
(


:


:


Power Capability,


Supported Channels


)

	Name
	Type
	Valid Range
	Description

	Power Capability
	Signed Integer
	-127 – 128
	The maximum power (EIRP in dBm) at which the STA is capable of transmitting in the current channel.

	Supported Channels
	As defined in the Supported Channels Element format
	As defined in the Supported Channels Element format
	Defines the channels in which the STA is capable of operating.


2.6 BSS Description

Add the following parameters to the definition of BSS Description:

	Name
	Type
	Valid Range
	Description

	Country
	As defined in the Country Element format
	As defined in the Country Element format
	The information required to identify the regulatory domain in which the STA is located and to configure its PHY for operation in that regulatory domain.

	Local Maximum Transmit Power
	As defined in the Power Constraint Element format
	-42 – 0


	The local Maximum Transmit Power relative to the specified Maximum Transmit Power Level in the Country element.

The value is in dB, and can have a multiple of -3.

	IBSS DFS Interval
	Integer
	1 – 65535
	Only present if BSSType = INDEPENDENT

The maximum time in normal operation that an IBSS will remain on a channel without re-evaluating the interference characteristics of that channel.

	IBSS DFS Recovery Interval
	Integer
	1 – 255
	Only present if BSSType = INDEPENDENT

The time interval that shall be used between a DFS Interval expiry and the switch to a new channel during the DFS Recovery procedure.


3. Additional Primitives

This section specifies the additional MLME primitives required along with their parameters.

3.1 Channel Measurement Request

3.1.1 MLME-CMREQUEST.request

3.1.1.1 Function

This primitive requests transmission of a frame to a peer entity requesting that one or more channels be measured.

3.1.1.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CMREQUEST.request
(


Measurement Duration,


Channel Numbers,


Report Type,


Report Time Limit


)

	Name
	Type
	Valid Range
	Description

	Measurement Duration
	Integer
	0 – 65535
	The number of Time Units (TUs) which the requested STA should spend measuring each channel.

	Channel Numbers
	String of integers
	
1 – 200
(for each integer)
	The list of channels to be measured

	Report Type
	Enumeration
	BASIC,
EXTENDED CCA,
EXTENDED BSS,
EXTENDED CCA & EXTENDED BSS
	Defines the type of measurement report being requested.

	Report Time Limit
	Integer
	1 – 255
	Indicates the time duration in number of TBTTs in which the STA should report the results of the requested measurement


3.1.1.3 When Generated

This primitive is generated by the SME to request that a frame be sent to a peer entity to initiate the measurement of one of more channels.

3.1.1.4 Effect of Receipt

On receipt of this primitive, the MLME shall construct the Channel Measurement Request frame containing the Basic Channel Measurement Method element, both as specified in [2]. This frame shall then be scheduled for transmission.

3.1.2 MLME-CMREQUEST.confirm

3.1.2.1 Function

This primitive reports the result of a request to send a Channel Measurement Request frame.

3.1.2.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CMREQUEST.confirm
(


ResultCode


)

	Name
	Type
	Valid Range
	Description

	ResultCode
	Enumeration
	SUCCESS,
INVALID PARAMETERS,
TIMEOUT
	Reports the outcome of a request to send a Channel Measurement Request frame.


3.1.2.3 When Generated

This primitive is generated by the MLME when the request to transmit a Channel Measurement Request frame completes.

3.1.2.4 Effect of Receipt

On receipt of this primitive, the SME shall evaluate the ResultCode and act accordingly.

3.1.3 MLME-CMREQUEST.indication

3.1.3.1 Function

This primitive indicates that a frame has been received requesting that one or more channels are measured.

3.1.3.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CMREQUEST.indication
(


Measurement Duration,


Channel Numbers,


Report Type,


Report Time Limit


)

	Name
	Type
	Valid Range
	Description

	Measurement Duration
	Integer
	0 – 65535
	The number of Time Units (TUs) which the requested STA should spend measuring each channel.

	Channel Numbers
	String of Integers
	
1 – 200
(for each integer)
	The list of channels to be measured.

	Report Type
	Enumeration
	BASIC,
EXTENDED CCA,
EXTENDED BSS,
EXTENDED CCA & EXTENDED BSS
	Defines the type of measurement report being requested.

	Report Time Limit
	Integer
	1 – 255
	Indicates the time duration in number of TBTTs in which the STA should report the results of the requested measurement


3.1.3.3 When Generated

This primitive is generated by the MLME when a valid Channel Measurement Request frame is received.

3.1.3.4 Effect of Receipt

On receipt of this primitive, the SME shall commence the requested channel measurements.

3.2 Channel Measurement

3.2.1 MLME-CMEASURE.request

3.2.1.1 Function

This primitive is generated by the SME to request measurement of a channel by the STA.

3.2.1.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CMEASURE.request
(


Measurement Duration,


Channel Number,

Report Type


)

	Name
	Type
	Valid Range
	Description

	Measurement Duration
	Integer
	0 – 65535
	The number of Time Units (TUs) which the requested STA should spend measuring each channel.

	Channel Number
	Integer
	1 – 200
	Defines the channel in which the STA is capable of operating.

	Report Type
	Enumeration
	BASIC,
EXTENDED CCA,
EXTENDED BSS,
EXTENDED CCA & EXTENDED BSS
	Defines the type of measurement report being requested.


3.2.1.3 When Generated

This primitive is generated by the SME to request measurement of a channel.

3.2.1.4 Effect of Receipt

On receipt of this primitive, the MLME shall commence the measurement process.

3.2.2 MLME-CMEASURE.confirm

3.2.2.1 Function

This primitive reports the result of a channel measurement.

3.2.2.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CMEASURE.confirm
(


ResultCode,


Channel Measurement Report


)

	Name
	Type
	Valid Range
	Description

	ResultCode
	Enumeration
	SUCCESS,
INVALID PARAMETERS,
TIMEOUT
	Reports the outcome of a request to send a Channel Measurement Request frame.

	Channel Measurement Report
	As defined in the Channel Measurement Report Element format
	As defined in the Channel Measurement Report Element format
	Specified the results of the channel measurement


3.2.2.3 When Generated

This primitive is generated by the MLME to report the results when a channel measurement completes.

3.2.2.4 Effect of Receipt

On receipt of this primitive, the SME shall store the channel measurements pending communication to the requesting entity, or local use.

3.3 Channel Measurement Report

3.3.1 MLME-CMREPORT.request

3.3.1.1 Function

This primitive requests transmission of a frame to a peer entity containing the results of the measurement on one or more channels.

3.3.1.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CMREPORT.request
(


Channel Measurement Report


)

	Name
	Type
	Valid Range
	Description

	Channel Measurement Report
	As defined in the Channel Measurement Report Element format
	As defined in the Channel Measurement Report Element format
	Specified the results of the channel measurement


3.3.1.3 When Generated

This primitive is generated by the SME to request that a frame be sent to a peer entity to report the results of measuring one of more channels.

3.3.1.4 Effect of Receipt

On receipt of this primitive, the MLME shall construct the Channel Measurement Report frame containing the Channel Measurement Report element, both as specified in [2]. This frame shall then be scheduled for transmission.

3.3.2 MLME-CMREPORT.confirm

3.3.2.1 Function

This primitive reports the result of a request to send a Channel Measurement Report frame.

3.3.2.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CMREPORT.confirm
(


ResultCode


)

	Name
	Type
	Valid Range
	Description

	ResultCode
	Enumeration
	SUCCESS,
INVALID PARAMETERS,
TIMEOUT
	Reports the outcome of a request to send a Channel Measurement Request frame.


3.3.2.3 When Generated

This primitive is generated by the MLME when the request to transmit a Channel Measurement Report Frame completes.

3.3.2.4 Effect of Receipt

On receipt of this primitive, the SME shall evaluate the ResultCode and act accordingly.

3.3.3 MLME-CMREPORT.indication

3.3.3.1 Function

This primitive indicates that a Channel Measurement Report frame has been received from a peer entity. This may be in response to an earlier Channel Measurement request (MLME-CMREQUEST.request).

3.3.3.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CMREPORT.indication
(


Channel Measurement Report


)

	Name
	Type
	Valid Range
	Description

	Channel Measurement Report
	As defined in the Channel Measurement Report Element format
	As defined in the Channel Measurement Report Element format
	Specified the results of the channel measurement


3.3.3.3 When Generated

This primitive is generated by the MLME when a valid Channel Measurement Report frame is received.

3.3.3.4 Effect of Receipt

On receipt of this primitive, the channel measurement data is available for SME processes such as channel selection.

3.4 Channel Switch

3.4.1 MLME-CHANNELSWITCH.request

3.4.1.1 Function

This primitive requests a switch to a new operating channel. 

3.4.1.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CHANNELSWITCH.request
(


Channel Number,


Activation Delay


)

	Name
	Type
	Valid Range
	Description

	Channel Number
	Integer
	1 – 200
	Specifies the new channel

	Activation Delay
	Integer
	1 – 255
	Specified the number of TBTTs until the channel switch event.


3.4.1.3 When Generated

This primitive is generated by the SME to schedule a channel switch and announce this to peer entities in the BSS.

3.4.1.4 Effect of Receipt

On receipt of this primitive, the MLME shall schedule the channel switch event and announce this to other STAs in the BSS using the Channel Switch Announcement frame and element. The MLME shall ensure the timing of frame transmission takes into account the channel switch period. The actual channel switch may be achieved at the appropriate time through the MLME-PLME interface using the PLME-SET primitive of dot11CurrentFrequency MIB.

3.4.2 MLME-CHANNELSWITCH.confirm

3.4.2.1 Function

This primitive reports the result of a request to switch channel.

3.4.2.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CHANNELSWITCH.confirm
(


ResultCode


)

	Name
	Type
	Valid Range
	Description

	ResultCode
	Enumeration
	SUCCESS,
INVALID PARAMETERS,
UNSPECIFIED FAILURE
	Reports the result of a channel switch request


3.4.2.3 When Generated

This primitive is generated by the MLME when a channel switch requet completes. Possible unspecified failure causes include an inability to schedule a channel switch announcement.

3.4.2.4 Effect of Receipt

On receipt of this primitive, the SME shall evaluate the ResultCode and act accordingly.

3.4.3 MLME-CHANNELSWITCH.indication

3.4.3.1 Function

This primitive indicates that a channel switch announcement has been received from a peer entity and the channel switch has been scheduled by the MLME. 

3.4.3.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-CHANNELSWITCH.indication
(


Channel Number,


Activation Delay


)

	Name
	Type
	Valid Range
	Description

	Channel Number
	Integer
	1 – 200
	Specifies the new channel.

	Activation Delay
	Integer
	1 – 255
	Specified the number of TBTTs until the channel switch event.


3.4.3.3 When Generated

This primitive is generated by the MLME when a valid Channel Switch Announcement is received and the channel switch event is scheduled accordingly. The actual channel switch may be achieved at the appropriate time through the MLME-PLME interface using the PLME-SET primitive of dot11CurrentFrequency MIB.

3.4.3.4 Effect of Receipt

None specified.
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