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3. Definitions

Insert the following clauses and renumber as appropriate:

3.v.1 derivative measurement: A measurement calculated based on one or more direct measurements. A derivative measurement is not a direct measurement and therefore is not the value of a MAC or PHY parameter. 

3.v.2 direct measurement: A measurement of the value of a MAC or PHY parameter.

3.v.3 medium congestion control (MCC): A set of services including measurement of parameters potentially indicating channel congestion level, control of parameters potentially impacting channel congestion, and adaptation by applying controls based on measurements.
4. Abbreviations and acronyms

Insert the following new acronyms in alphabetical order:

ADR
aggregate data rate
AFT
aggregate frame rate

FDE
frame drop event

FR
frame rate

MCC
medium congestion control

MCW
mean contention window index

MDR
mean drop rate

MFP
MAC frame parameters

MRC
mean retry count 

NARL
network activity rate level

QL
queue level 

QS
queue size

RC
retry count

SD
source diversity

5. General description

5.3 Logical Service Interfaces 

Insert the item at the end of the list of architectural services in 5.3: 
o)
Medium congestion control 

5.3.1 Station service (SS) 

Insert the item at the end of the list of station services (SSs) in 5.3.1: 
j)
Medium congestion control

5.4 Overview of the services

Insert the following at the end of the first paragraph:

One of the services is used for medium congestion control. 
Insert the following new clause after 5.4.7.

5.4.1 Medium congestion control services

Two basic services are required for IEEE 802.11 to provide Medium Congestion Control (MCC) functionality: measurement of congestion level and control of congestion level. 

A client may request a measurement, receive results, and then determine and request an appropriate control. A client may also request the MAC automate this process by periodically invoking a specified measurement and, depending on the result and specified criteria, applying a specified control.
MCC services do not include flow control.

5.4.1.1 Measurement

To determine appropriate control of congestion, a client requires information about the congestion level. Measurements of parameters relating to congestion control are invoked by a client or automatically as a result of an adaptation requested by a client.

Measurement involves: (1) taking direct measurements within a wireless communication protocol stack, (2) deriving indirect measurements from direct measurements, and (3) reporting those derivative measurements to the client. Derivative measures are measurements that a communication layer computes or determines through additional processing of one or more direct measures. Only derivative measures shall be reportable to upper layers.

Measures either indicate a level of wireless medium congestion or an effect of wireless medium congestion. 

MCC measurement is independent of channel measurement for spectrum management.

5.4.1.2 Control

To impact congestion, a client requires a means to request changes at the MAC layer.  Control of MAC parameters relating to functions that potentially impact congestion is invoked by a client or automatically as a result of an adaptation request by a client.

Control involves potential action to address over-utilization or underutilization and potential reporting of action taken to an upper layer. There are two types of controls: basic and adaptive.

Basic controls provide a mechanism for a client to set or adjust parameters that can impact the STA’s contribution to the amount of congestion on the medium. Basic controls thus provide the client with manual controls. However, basic controls can also be operated by an adaptation requested by the client.
To automate congestion control a client may request the MAC adapt parameters. One or more controls can be applied based on the result of one or more measurements. A client may request an adaptation by specifying (1) a derivative measure, (2) a control, (3) an adaptation (how to change the control), (4) a threshold (how to trigger the adaptation to the control). An adaptation is executed by the MAC without requiring further input from a client.

6. Layer Management

6.3 MLME SAP Interface
Insert a new clause after Clause 10.3.40.

6.3.1 Medium congestion control protocol layer
The layer management extensions for Medium Congestion Control assume a portioning of functionality between the MLME and SME where the SME takes an active or passive decision making role. 

In the active role, the SME makes each control decision based on a measurement policy. The MLME performs the measurements and delivers the results to the SME. The MLME also executes the control commands from the SME.  Figure 1 illustrates the layer management in the active role. 
In the passive role, the SME makes an adaptation decision based on control and measurement policies. The MLME executes measurements and controls based on instructions received from the SME. In the passive role, the SME may instruct the MLME once and leave the management of measurement and control to the MLME.  Figure 2 illustrates the layer management in the passive role.
The SME may operate in active or passive role, both simultaneously, or alternate between roles.
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Figure 1 -  Layer management model: MCC Active Role
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Figure 2 -  Layer management model: MCC Passive Role

The informative diagrams within this subclause further illustrate the Medium Congestion Control model adopted. Figures 3 and 4 illustrate a typical exchange between SME and MLME for in an Active Role and Passive Role respectively.
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Figure 3 -  MCC Active Control
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Figure 4 -  MCC Passive Control
6.3.2 Medium Congestion Control
6.3.2.1 MLME-LOCALMCC.request

6.3.2.1.1 Function

This primitive requests one or more local congestion measurements and or controls.

6.3.2.1.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-LOCALMCC.request
(

Dialog Token, 

Periodicity, 

Report Period, 

Channel, 

AC Mask, 

Number of Measure Control Entry Pairs, 

Measure Control Entry Pair(s)

)

	Name
	Type
	Valid Range
	Description

	Dialog Token
	Integer
	0 – 255 
	The Dialog Token to identify the requested transaction.  
(0 = cancel all previous requests.) 

	Periodicity 
	Integer
	0 – 65535 
	Periodicity in [ms].  Indicates how frequently to perform the request.  
0 = continuously. 

65534 = only once. 

65535 = continuously while awake. 

	Report Period
	Integer
	0 – 255 
	Divider. 
(0 = no reports, 1 = report every period, 2 = report every-other period, etc.) 

	Channel
	Integer
	As defined in 17.3.8.3.3
	Specifies the channel number

	AC Mask
	AC Mask Encoding
	0-0xf
	Specifies the Access Categories

	Number of Measure Control Entry Pairs
	Integer
	0 – 255
	Length of list. 
0 = cancel previous request for Channel & AC. 

	Measure Control Entry Pair(s) 
	List of Measure Control Entry Pair(s)
	See below.
	See below.


Table 1 AC Mask Encoding

	Bit
	AC

	0
	AC_BE

	1
	AC_BK

	2
	AC_V1

	3
	AC_V0


Measure Control Entry Pair = 
(

Measurement, 

Condition Type, 

Condition Value, 

Control, 

Control Type, 

Control Value

)

	Name
	Type
	Valid Range
	Description

	Measurement
	Enumeration, see Table 2. 
	See Table 2
	See Table 2. 
Null = Basic Control. 

	Condition Type 
	Enumeration, see Table 3. 
	See Table 3
	Indicates the type of comparison between the Measurement and the Control Value. 
Ignored if Measurement = null. 

	Condition Value 
	See Table 2. 
	See Table 2
	Indicates the value to compare the Measure against. 
Ignored if Measurement or Condition Type = null.

	Control
	Enumeration, see Table 4. 
	See Table 4
	See Table 4. 
Null = Measurement only. 

	Control Type
	Enumeration, see Table 5. 
	See Table 6
	See Table 5. 
Ignored if Control = null. 

	Control Value
	(varies, see Table 4) 
	(varies, see Table 4) 
	Indicates the amount to change the Control Value (for increment or decrement), or the new Control Value setting.  See Table 4. 
Ignored if Control or Control Type = null. 


Table 2 MCC Measurements

	Measurements
	Type
	Units

	Null
	N/A
	N/A (no measurement)

	Receive Frame Rate (RX/FR)

	Integer
	Frames / second

	Transmit Frame Rate (TX/FR)
	Integer
	Frames / second

	Aggregate Frame Rate (Utilization) (AFR)
	Integer
	Frames / second

	Receive Data Rate (RX/DR)
	Integer
	Kbits/second

	Transmit Data Rate (TX/DR)
	Integer
	Kbits/second

	Aggregate Data Rate (Utilization) (ADR)
	Integer
	Kbits/second

	Queue Level (QL)
	Integer
	Kbits

	Mean Retry Count (MRC) 
	Integer
	Retry count

	Mean Frame Drop Rate (MDR)
	Integer
	Frames / second

	Mean Contention Window Index (MCW)
	Integer
	CW Index

	Network Activity Rate Level (NARL)
	Integer
	Fraction of busy slots or TUs (multiplied by 10,000)

	Source Diversity (SD)
	Integer
	Unique STAs


Table 3 MCC Condition Types

	Parameter
	Description

	Null
	No condition. 

	Less Than
	Determine if Measure is < Threshold. 

	Less Than or Equal
	Determine if Measure is < Threshold. 

	Equal
	Determine if Measure is = Threshold. 

	Greater Than or Equal
	Determine if Measure is > Threshold. 

	Greater Than
	Determine if Measure is > Threshold. 


Table 4 MCC Controls

	Control 
	Type
	Units

	Null
	N/A
	N/A

	CWmin
	Integer
	See 802.11e

	CWmax
	Integer
	See 802.11e

	TXOPLimit
	Integer
	See 802.11e

	AIFSN
	Integer
	See 802.11e

	SuspendAC
	Boolean
	0 (normal), 1 (suspend)

	SuspendACDuration
	Integer
	[ms]

	FlushACQueue
	Boolean
	0 (normal), 1 (flush, then revert to state 0)

	Delay
	Integer
	[us]

	Throttle
	Integer
	[us]

	AccessTimeConstraint
	Integer
	Numerator in fraction N/255 (percentage)

	ShortRetryLimit
	Integer
	Maximum number of attempts.

	LongRetryLimit
	Integer
	Maximum number of attempts.

	RTSThreshold 
	Integer
	[bytes]

	AlwaysBackoff
	Boolean
	0 (normal), 1 (force backoff)

	CWReversion
	Integer
	Number of successful transmissions before reversion.

	CWIncrement 
	Integer
	CW Index Step

	SuspendChannel
	Integer
	(mask, 1 = enabled)


Table 5 MCC Control Type

	Parameter
	Description

	Null
	No control. 

	Increment
	Increment the specified control by the value provided. 

	Decrement
	Decrement the specified control by the value provided. 

	Set
	Set the control value to the value provided. 


Table 6 MCC Control Values
	Control 
	Valid Control Types
	Control Value Type
	Control Value Units

	CWmin 
	All
	See aCWmin and 802.11e
	See aCWmin and 802.11e

	CWmax
	All
	See aCWmax and 802.11e
	See aCWmax and 802.11e

	TXOPLimit
	All
	See TXOPLimit in 802.11e
	See TXOPLimit in 802.11e

	AIFSN
	All
	See AIFS in 802.11e
	See AIFS in 802.11e

	SuspendAC
	Set
	Boolean
	None

	SuspendACDuration
	All
	Integer
	[ms] (0 = indefinitely)

	FlushACQueue
	Set
	Boolean
	None

	Delay
	All
	Integer
	[us]

	Throttle
	All
	Integer
	[us]

	AccessTimeConstraint
	All
	Integer
	Units of Control.

	ShortRetryLimit
	All
	Integer
	Number of attempts.

	LongRetryLimit
	All
	Integer
	Number of attempts.

	RTSThreshold 
	All
	Integer
	[bytes]

	AlwaysBackoff
	Set
	Boolean
	0 (false), 1 (true)

	CWReversion
	All
	Integer
	Number of successful transmissions before reversion (step).

	CWIncrement 
	All
	Integer
	CW Index Step (step)

	SuspendChannel
	Set
	Integer
	(mask, 1 indicates enabled (suspended), 0 indicates disabled (normal / no change))


6.3.2.1.3 When generated
This primitive is generated by the client to request one or more local congestion measurements and or controls.  
6.3.2.1.4 Effect of receipt

This primitive shall be processed by the STA to determine validity of the parameters. The STA shall send an MLME-LOCALMCC.confirm either indicating validity of the request or rejecting the request as invalid. A valid request must have either (a) at least one non-null Measurement or Control in each Measure Control entry pair or (b) cancel an active request(s).  All parameters of a valid request must be within the Valid Ranges indicated above.  If a request is valid, the STA shall initiate the measurement and or control process according to the Periodicity value indicated in the MLME-LOCALMCC.request, and send an MLME-LOCALMCC.indication according to the Report value indicated in the request. 
6.3.2.2 MLME-LOCALMCC.confirm

6.3.2.2.1 Function

This primitive confirms a measurement control pair capability or rejects a measurement control pair request.

6.3.2.2.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-LOCALMCC.confirm
(

Dialog Token, 

Status 
)

	Name
	Type
	Valid Range
	Description

	Dialog Token
	Integer
	0 – 255 
	The Dialog Token to identify the measurement request transaction. 

	Status
	Boolean
	0 (failed), 1 (success)
	Indicates success or failure of a measurement request.


6.3.2.2.3 When generated

This primitive is generated by the STA to confirm a MLME-LOCALMCC.request as either valid or invalid. 
6.3.2.2.4 Effect of receipt

This primitive is received by the client. If the confirmation indicates success, the client may expect one or more MLME-LOCALMCC.indication primitives according to the parameters of the request. If the confirmation indicates a failure, the client shall not expect subsequent measurements.
6.3.2.3 MLME-LOCALMCC.indication

6.3.2.3.1 Function

This primitive indicates a Measurement Control Pair report.

6.3.2.3.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-LOCALMCC.Indication
(

Dialog Token, 

Number of Measure Control Report Pairs, 

Measure Control Report Pair(s)

)

	Name
	Type
	Valid Range
	Description

	Dialog Token
	Integer
	1 – 255
	The Dialog Token to identify the measurement request transaction. 

	Number of Measure Control Report Pairs
	Integer
	0 – 255
	Length of list

	Measure Control Report Pair(s) 
	List of Measure Control Report Pair(s)
	See below.
	See below.


Measure Control Report Pair = 
(

Measurement, 

Measurement Value, 

Control, 

Trigger Count, 

Control Count

)
	Name
	Type
	Valid Range
	Description

	Measurement
	Enumeration
	see Table 2
	see Table 2

	Measurement Value 
	see Table 2
	see Table 2
	see Table 2

	Control
	Enumeration
	See Table 4
	See Table 4

	Trigger Count
	Integer
	0 – 65535 
	Number of times triggered.

	Control Count
	Integer
	0 – 65535 
	Number of times parameter was changed.


6.3.2.3.3 When generated

This primitive is generated by the STA to report a Measurement Control Pair according to the Periodicity indicated in an MLME-LOCALMCC.request.
6.3.2.3.4 Effect of receipt

This primitive provides the result of a Measurement Control request that may be used by the client to determine and control channel congestion. The client may use the Dialog Token parameter to associate the measurement with a MLME-LOCALMCC.request and determine an appropriate subsequent request or change to an active request.
7. MLME

…

Insert a new clause after Clause 11.6.

7.3 Medium Congestion Control
This subclause describes the procedures used for IEEE 802.11 Medium Congestion Control (MCC). The procedures include methods for measurement, control and adaptation. 
Upon receipt of a MLME-LOCALMCC.request, the MLME shall determine whether the request is valid and supported. The MLME shall respond to the client with a MLME-LOCALMCC.confirm that reflects the result. 
When a STA receives a request to cancel all local MCC requests (Dialog Token = 0), it shall cancel all active requests (any Local MCC requests received by the STA that have not been cancelled, rejected, or completed).  Otherwise, if the Number of Measure Control Entry Pairs = 0, the active request corresponding to the provided Dialog Token is cancelled.  Otherwise, if the Dialog Token or the Channel and AC match an active Local MCC request, the STA shall override the parameter values from the previous request with the parameter values from the new request. 
If the request is valid and supported, the MLME shall determine the periodicity of the request and process each Measure Control Pair at the determined periodicity. Each Measure Control Pair may be either a Measurement only (null Control), a Control only (null Measurement), or an adaptation (both Measurement and Control are non-null). Each type is processed according to the appropriate procedure.

The MLME shall send a MLME-LOCALMCC.indication at the requested interval reflecting the result of the requested measure(s), control(s) or adaptation(s) if a report was requested.
7.3.1 Measurement procedures

This subclause describes the procedures relating to the measurement service.

7.3.1.1 Procedures

The MLME shall invoke the direct measurement(s) corresponding to the requested derivative measurement(s). Upon completion of all direct measurements(s) corresponding to requested derivative measurement(s), the MLME shall compute the requested derivative measurement(s). 

7.3.1.2 Direct Measurements 

The STA shall support measuring of all of the direct measurements listed in Table 7. The STA shall determine the measurement from the given source on a per-channel, per-AC or per frame basis depending on the particular measurement.
Table 7 MCC Direct Measurements
	Measurement
	Parameter(s)
	Description of Source

	Clear Channel Acquisition (CCA) State
	Channel
	PHY service (PHY-SAP): PHY-CCA.indication (see 12.3.5)

	Network Activity Vector (NAV) value
	Channel
	DCF access procedure (see 9.2.9.4)

	Contention Window (CW) index value
	Channel, AC
	DCF backoff procedure (see 9.2.4)

	Queue size (QS)
	Channel, AC
	MAC queues

	MAC Frame Parameters (MFP)
	Frame
	MAC data services and primitives: MA-UNITDATA.request, MA-UNITDATA.indication, MA-UNITDATA-STATUS.indication (see 6.2.1), MAC control and management frames (see 7.2) and PHY: PLME-TXTIME.request, PLME-TXTIME.confirm (see 10.4).

	Retry counts  (RC)
	None
	DCF access procedure (see 9.2.5)

	Frame drop event(s) (FDE)
	None
	DCF access procedure (see 9.2.5)

	PHY Characteristics (PHY-CHAR)
	None
	PLME SAP interface: PLME-CHARACTERISTICS.request, PLME-CHARACTERISTICS.confirm (see 10.4)


7.3.1.3 Derived Measurements
The STA shall support all mandatory measurements listed in Table 8 and may support the optional measurements listed. The STA shall derive the measurements according to the description provided based on the direct measurements each depends upon.
Table 8 MCC Derived Measurements
	Derived Measurement
	Dependencies
	Mandatory / Optional
	Description of derivation

	Receive Frame Rate (RX/FR)
	MFP, PHY-CHAR


	M
	Rate of frames received (destined to the measuring STA). 

	Transmit Frame Rate (TX/FR)
	
	M
	Rate of frames transmitted (by the measuring STA).

	Aggregate Frame Rate (Utilization) (AFR)
	
	M
	Rate of frames received and transmitted (including received frames destined to other STAs).

	Receive Data Rate (RX/DR)
	
	O
	Ratio of payload received to burst rate used (destined to the measuring STA).

	Transmit Data Rate (TX/DR)
	
	O
	Ratio of payload transmitted to burst rate used (by the measuring STA).

	Aggregate Data Rate (Utilization) (ADR)
	
	O
	Ratio of utilization to burst rate used (including received frames destined to other STAs).

	Queue Level (QL)
	QS
	M
	Queue size relative to maximum size.

	Mean Retry Count (MRC)
	RC
	M
	Average of retry count or frame drop rate over a predetermined or given time.

	Mean Frame Drop Rate (MDR)
	FDE
	M
	Fraction of frames dropped over a predetermined or given time.

	Mean Contention Window Index (MCW)
	CW
	M
	Average of contention window index value over a predetermined or given time.

	Network Activity Rate Level (NARL)
	NAV, CCA
	M
	Ratio of busy time to total time period(s) considered.

	Source Diversity (SD)
	MFP
	O
	Number of unique MAC addresses observed over total time period(s).


7.3.2 Control procedures

This subclause describes the procedures relating to the control service.

7.3.2.1 Default Control Values

The control parameters shall be set to their default values at initialization and when a control has been cancelled. The default values are given in Table 9.

Table 9 MCC Default Control Values

	Control 
	Default Control Value
	Units

	CWmin, CWmax, TXOPLimit, AIFSN
	See 9.2.5 and 802.11e.
	N/A

	SuspendAC
	Clear
	N/A

	SuspendACDuration
	0
	[ms]

	FlushACQueue
	Clear
	N/A

	Delay
	0 (none)
	[us]

	Throttle
	1 s
	[us]

	AccessTimeConstraint

	0 (unlimited)
	[ms]

	ShortRetryLimit, LongRetryLimit, RTSThreshold
	See 9.2.5.
	N/A

	AlwaysBackoff
	Clear
	N/A

	CWReversion
	0 (normal)
	[index]

	CWIncrement
	1 (normal)
	[index]

	SuspendChannel
	Clear
	N/A


7.3.2.2 Basic Control Procedures

The MLME shall invoke the control(s) requested. 
7.3.2.2.1 Basic Controls 

The STA shall support all mandatory controls listed in Table 10 and may support the optional controls listed. The STA shall perform the operation (set the control parameter) as described.
Table 10 MCC Mandatory and Optional Controls
	Control
	Mandatory / Optional
	Description of Control 

	CWmin, CWmax, TXOPLimit, AIFSN
	M
	See 9.2.5 and 802.11e.

	SuspendAC
	M
	If the control is set, frames in the given AC shall be suspended.

	SuspendACDuration
	M
	Controls duration of suspension of AC activated by SuspendAC.

	FlushACQueue
	M
	If the control is set, frames in the given AC shall be deleted.

	Delay
	O
	If the control is set, every frame shall be delayed by the given Delay before submitting to the MAC for transmission.

	Throttle
	M
	If the control is set, every frame shall be flow controlled at the MAC so that the effective aggregate transmit time for frames submitted from the queue to the contention mechanism for the corresponding channel and AC, per second, is maintained below the given throttle value.

	AccessTimeConstraint
	O
	The STA shall not be permitted to access the medium for more than the AccessTimeConstraint fraction of time. 

	ShortRetryLimit, LongRetryLimit, RTSThreshold
	M
	See 9.2.5.

	AlwaysBackoff
	M
	If the control is set, all frames shall enter backoff procedure (first retry) without attempting immediately transmit.

	CWReversion
	O
	Instead of reverting the CW index to CWmin upon successful retry, the CW index shall be ratcheted down in steps of CWReversion.

	CWIncrement
	O
	Instead of incrementing the CW index by one, the CW index shall be increment in steps of CWIncrement.

	SuspendChannel
	M
	If the control is set, the STA shall temporarily suspend TX or RX use of the channel by the STA (including preventing tuning to the channel).


7.3.2.3 Adaptive Control Procedures

The MLME shall execute the measurement(s) requested and evaluate the condition. If the condition is met, the MLME shall execute the control(s). 

7.3.2.3.1 Adaptations

The STA shall support all mandatory adaptation parameters listed in Table 11. The STA may support the optional adaptation parameters listed. The STA shall perform the operation (set the control parameter) as described.
All adaptation parameters are mandatory if the corresponding control parameter is supported (whether optional or mandatory).

Table 11 MCC Valid Control Types
	Control 
	Description of Valid Control Types

	CWmin 
	Set, increment by multiplier, decrement by divisor.

	CWmax
	Set, increment by multiplier, decrement by divisor.

	TXOPLimit
	Set, increment by value, decrement by value.

	AIFSN
	Set, increment by value, decrement by value.

	SuspendAC
	Set (or Clear) only.

	SuspendACDuration
	Set, increment by value, decrement by value.

	FlushACQueue
	Set (or Clear) only. 

	Delay
	Set, increment by value, decrement by value.

	Throttle
	Set, increment by value, decrement by value.

	AccessTimeConstraint
	Set, increment by value, decrement by value.

	ShortRetryLimit
	Set, increment by value, decrement by value.

	LongRetryLimit
	Set, increment by value, decrement by value.

	RTSThreshold 
	Set, increment by value, decrement by value.

	AlwaysBackoff
	Set (or Clear) only.

	CWReversion
	Set, increment by value, decrement by value.

	CWIncrement 
	Set, increment by value, decrement by value.

	SuspendChannel
	Set (or Clear) only.
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