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Background:

The spectrum assignments in which IEEE 802.11 can be used are a finite resource that is becoming more congested as 802.11 becomes more popular. The use of this spectrum can be made more efficient by techniques such as intelligent channel selection, transmit power control and time division. This document describes a method to allow access points to collaborate by sharing time on the wireless medium. This method is compatible with legacy APs and STAs and is designed to be robust to abuse by rogue APs.
The proposal is designed to fulfill requirement 2050 “Access Point Coordination” in the TGV objectives document [1].

This document is based upon TGv draft v0.13 and the IEEE P802.11-2007 baseline.
Insert the following new clause after 7.3.1.11:

7.3.1.12 AP Count field

The AP Count field is used in the CF-Offer frame to indicate the number of APs to which the same offer is being made. The length of the AP Count field is one octet. The AP Count field is illustrated in Figure v96.
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Figure v96—AP Count fixed field
Modify Clause 7.3.2.23 as indicated below:

7.3.2.23 Quiet element

The Quiet element may be included in Beacon frames, as described in 7.2.3.1, and Probe Response frames, as described in 7.2.3.9, CF-Offer frames, as described in 7.4.11.16, and CF-Response frames, as described in 7.4.11.17. The use of Quiet elements is described in 11.9.2 and 11.9.8.

Modify Clause 7.3.2.27 as indicated below:

Insert the following new row into Table 35a and change the reserved value as shown:

Table 35a—Capabilities field
	Bit
	Information
	Notes

	0
	Reserved
	

	1
	Wireless Network Management
	A STA sets the Wireless Network Management bit field in the Extended Capabilities Information field to 1 if the STA’s dot11WirelessManagementImplemented is true; otherwise, it is set to 0.

	2
	Time Collaboration 
	A STA shall set the Time Collaboration capability bit to true if dot11WirelessManagementImplemented is true and the AP supports sharing of time on the wireless medium and implements the CF-Offer and CF-Response action frames. Otherwise this capability bit shall be set to false.

	3-n
	Reserved
	


Modify Clause 7.4.11 as indicated below:

7.4.11 Wireless Network Management action details
Insert the following new rows into Table v43 and change the reserved value as shown:

Table v43—Wireless Network Management Action field values
	Action field value
	Description

	15
	CF-Offer

	16
	CF-Response

	17-255
	Reserved


Insert the following new clauses after 7.4.11.15:

7.4.11.16 CF-Offer frame format
The CF-Offer frame is transmitted by an AP to another AP to provide an offer of a period of time when the offering AP intends for its BSS to be silent on the channel used to send this frame. The contents of this frame are shown in table v90.
Table v90—CF-Offer frame body

	Order
	Information

	1
	Category

	2
	Action

	3
	Dialog Token

	4
	AP Count

	5
	Quiet Element


The Category field is set to the value indicating the Wireless Network Management category, as specified in Table 24 in 7.3.1.11.
The Action field is set to 15 (representing CF-Offer).
The Dialog Token field shall be set to a nonzero value chosen by the AP sending the CF-Offer frame.

The Dialog Token field is used for matching action responses with action requests and is defined in sub-clause 7.3.1.12.
The AP Count field shall be set to a nonzero value to indicate the number of APs to which the same period of silence is being offered. A value of one indicates that the period of silence as specified in the Quiet field will only be offered to one AP. A value greater than one indicates that the period of silence as specified in the Quiet field will be offered to more than one AP. The AP Count field is defined in sub-clause 7.3.1.12 
The Quiet field contains the time period that is being offered and is defined in sub-clause 7.3.2.23

The use of the CF-Offer frame is described in 11.9.8
7.4.11.17 CF-Response frame format
The CF-Response frame is transmitted in response to a CF-Offer frame. The frame body of the

CF-Response frame contains the information shown in table v91.

Table v91—CF-Response frame body

	Order
	Information

	1
	Category

	2
	Action

	3
	Dialog Token

	4
	Status Code

	5
	Quiet Element (Optional)


The Category field is set to the value indicating the Wireless Network Management category, as specified in Table 24 in 7.3.1.11.

The Action field is set to 16 (representing CF-Response).

The Dialog Token field is set to the value in the corresponding CF-Offer frame.
The Status Code field contains the response to the time period that was offered and is defined in sub-clause 7.3.1.9. The Status Code should be set to 0 (“Successful”) for an accepted offer and 37 (“The request has been declined”) for an offer that is being declined.
The Quiet field contains the time period that is suggested to be offered and is defined in sub-clause 7.3.2.23. If Status Code equals 0 (“Successful”), the quiet field is optional and if present shall contain the same values as provided in the CF-Offer frame. If Status Code equals 37 (“The request has been declined”) the quiet field is optional and if present specifies an alternative silence period.
Modify Clause 9.3.3.2 as indicated below:
9.3.3.2 Operation with overlapping point-coordinated BSSs

To further reduce the inter-PC collisions, when the PC receives a CF-Offer frame (as defined in sub-clause 7.4.11.16) from another AP, it should transmit the CF-Response frame (as defined in sub-clause 7.4.11.17) with the Status Code field set to 37 (“The request has been declined”) if the specified period of silence does not overlap with the PC’s CFP. A quiet field should be supplied in the CF-Response frame that matches the CFP period of the PC. This allows the PC to suggest an alternative period of silence that coincides with its CFP.
Insert the following new clauses after 10.3.59:

10.3.60 CF offer request
This set of primitives supports the initiation of time-period based collaboration between peer SMEs.

10.3.60.1 MLME-CFOFFER.request

10.3.60.1.1 Function

This primitive requests the transmission of a CF-Offer to a peer entity.

10.3.60.1.2 Semantics of the service primitive
The primitive parameters are as follows:

MLME-CFOFFER.request
(
Peer MAC Address,
Dialog Token,
AP Count,
CF Offer
)

	Name
	Type
	Valid Range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual MAC Address
	The address of the peer MAC entity to which the CF Offer shall be sent.

	Dialog Token
	Integer
	0 – 255
	A dialog token to identify the CF offer transaction.

	AP Count
	Integer
	1 – 255
	The number of peer MAC entities to which the same Quiet element has been or will be sent.

	CF Offer
	Quiet element
	As defined in 7.3.2.23
	A quiet element describing the offered silence period.


10.3.60.1.3 When generated
This primitive is generated by the SME to request that a CF-Offer frame be sent to a peer entity to convey an offer of a period of silence on a channel.

10.3.60.1.4 Effect of receipt

On receipt of this primitive, the MLME constructs a CF-Offer frame containing the quiet element specified. This frame is then scheduled for transmission

10.3.60.2 MLME-CFOFFER.confirm

10.3.60.2.1 Function

This primitive reports the result of a request to send a CF-Offer frame.

10.3.60.2.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-CFOFFER.confirm
(
Dialog Token,
ResultCode
)

	
	
	
	

	Name
	Type
	Valid Range
	Description

	Dialog Token
	Integer
	0 – 255
	The dialog token to identify the CF offer transaction.

	ResultCode
	Enumeration
	SCCESS, INVALID PARAMETERS, or UNSPECIFIED FAILURE
	Reports the outcome of the request to send a CF-Offer frame.

	
	
	
	


10.3.60.2.3 When generated

This primitive is generated by the MLME when the request to transmit a CF-Offer frame completes.

10.3.60.2.4 Effect of receipt

On receipt of this primitive, the SME evaluates the result code.

10.3.60.3 MLME-CFOFFER.indication

10.3.60.3.1 Function
This primitive indicates that a CF-Offer frame has been received.

10.3.60.3.2 Semantics of the service primitive

The primitive parameters are as follows:
MLME-CFOFFER.indication
(
Peer MAC Address,
Dialog Token,
AP Count,
CF Offer
)

	Name
	Type
	Valid Range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual MAC Address
	The address of the peer MAC entity from which the CF Offer was sent.

	Dialog Token
	Integer
	0 – 255
	The dialog token to identify the CF offer transaction.

	AP Count
	Integer
	1 – 255
	The number of peer MAC entities to which the same Quiet element has been or will be sent.

	CF Offer
	Quiet element
	As defined in 7.3.2.23
	A quiet element describing the offered silence period.


10.3.60.3.3 When generated

This primitive is generated by the MLME when a valid CF-Offer frame is received.

10.3.60.3.4 Effect of receipt

On receipt of this primitive, the SME decides whether to accept or reject the collaboration offer.
10.3.61 CF response
This set of primitives supports the response to a request for time-period based collaboration between peer SMEs.

10.3.61.1 MLME-CFRESPONSE.request

10.3.61.1.1 Function

This primitive requests the transmission of a CF-Response frame to a peer entity.

10.3.61.1.2 Semantics of the service primitive
The primitive parameters are as follows:

MLME-CFRESPONSE.request
(
Peer MAC Address,
Dialog Token,
ResultCode,
CF Suggestion
)

	Name
	Type
	Valid Range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual MAC Address
	The address of the peer MAC entity to which the CF Offer Response shall be sent.

	Dialog Token
	Integer
	0 – 255
	The dialog token to identify the CF offer transaction.

	ResultCode
	Enumeration
	SUCCESS, REQUEST DENIED, INVALID PARAMETERS, or UNSPECIFIED FAILURE
	Indicates the result response to the CF offer from the peer MAC entity.

	CF Suggestion
	Quiet element
	As defined in 7.3.2.23
	A quiet element providing a suggested silence period.


10.3.61.1.3 When generated

This primitive is generated by the SME to request that a CF-Response frame be sent to a peer entity.

10.3.61.1.4 Effect of receipt

On receipt of this primitive, the MLME constructs a CF-Response frame and schedules it for transmission

10.3.61.2 MLME-CFOFFERRESPONSE.confirm

10.3.61.2.1 Function

This primitive reports the result of a CF-Response request.

10.3.61.2.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-CFOFFERRESPONSE.confirm
(
Dialog Token,
ResultCode
)

	
	
	
	

	Name
	Type
	Valid Range
	Description

	Dialog Token
	Integer
	0 – 255
	The dialog token to identify the CF response transaction.

	ResultCode
	Enumeration
	SUCCESS, INVALID PARAMETERS, or UNSPECIFIED FAILURE
	Reports the outcome of a request to send a CF-Response frame.

	
	
	
	


10.3.61.2.3 When generated

This primitive is generated by the MLME when the request to transmit a CF-Response frame completes.

10.3.61.2.4 Effect of receipt

On receipt of this primitive, the SME evaluates the result code.

10.3.61.3 MLME-CFOFFERRESPONSE.indication

10.3.61.3.1 Function
This primitive indicates that a CF-Response frame has been received.

10.3.61.3.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-CFOFFERRESPONSE.indication
(
Peer MAC Address,
Dialog Token,
ResultCode,

CF Suggestion
)

	Name
	Type
	Valid Range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual MAC Address
	The address of the peer MAC entity from which the CF-Response frame was received.

	Dialog Token
	Integer
	0 – 255
	The dialog token to identify the CF response transaction.

	ResultCode
	Enumeration
	SUCCESS, REQUEST DENIED, INVALID PARAMETERS, or UNSPECIFIED FAILURE
	Indicates the result response to the CF offer from the peer MAC entity.

	CF Suggestion
	Quiet element
	As defined in 7.3.2.23
	A quiet element describing an alternative suggested by the peer MAC entity from which the CF-Response was sent.


10.3.61.3.3 When generated

This primitive is generated by the MLME when a valid CF-Response frame is received.

10.3.61.3.4 Effect of receipt

On receipt of this primitive, the SME either rejects the response or commences the collaboration transaction as described in 11.9.8.
11.9 DFS procedures
Insert the following new clause after 11.9.7:

11.9.8 AP collaboration
11.9.8.1 Quieting channels for AP collaboration
An AP in a BSS may schedule quiet intervals by transmitting one or more Quiet elements in Beacon frames and Probe Response frames as described in 11.9.2. These quiet intervals can be used to provide time-period based collaboration between APs operating on the same channel.

Time-period based collaboration between APs operating on the same channel can be negotiated between peer APs using the wireless medium or it can be controlled by an external management entity. The AP that silences its BSS is referred to as the “silenced AP” and the AP that is able to use this period of silence is referred to as the “recipient AP”. There can be multiple silenced APs and multiple recipient APs as there may be more than two BSS operating on the same channel within radio range.
The Quiet Count field, Quiet Duration field and the Quiet Offset field in Quiet elements define the starting time and duration of the period of silence. The Quiet Period field in a CF-Offer or CF-Response frame shall be set to zero.

If there are any non-AP STAs associated to the AP that do not have spectrum management enabled (indicated by a zero in the Spectrum Management subfield in (re)associated requests) the AP shall employ an additional method to schedule quiet intervals by using a CF-Poll-to-self. Immediately preceding the start of the quiet interval, the AP shall schedule a frame of type “CF-Poll (no data)” with the RA matching its own MAC address and the duration/ID field set to the duration of the quiet interval. This CF-Poll frame shall be transmitted at one of the PHY rates included in the BSSBasicRateSet parameter. The moment immediately preceding the start of the quiet interval is defined as the start of the quiet interval minus the time required to transmit the CF-Poll frame minus SIFS. It should be noted that the transmission of the CF-Poll frame may be delayed into the quiet period because of CSMA deferrals.

A recipient AP that is the sole recipient of a quiet period (as specified by a value of one in the AP count subfield of the CF-Offer frame) may end the quiet period before its scheduled end by sending a CF-End frame containing the BSSID of the silenced AP. If the AP count subfield of the CF-Offer frame is greater than one, the recipient AP shall not use this mechanism and control of the wireless medium will follow the procedures as defined in section 9.

11.9.8.1 AP collaboration between peer-APs
When operating in peer-AP negotiated collaboration mode, an AP may offer time to another AP that supports AP collaboration.
The first phase of collaboration starts when the offering AP sends a CF-Offer frame to a recipient AP. An AP shall only send CF-Offer frames to an AP that advertises its ability to collaborate by setting the “Time Collaboration” bit in the Extended Capabilities information element set to true. 
When an AP detects more than one other BSS operating on the same channel, it may send offers of silence for the same period of time to multiple APs. The AP offering the silence shall send individual CF-Offer frames to each AP, with each frame containing the same values in the Quiet Element and AP Count subfields. The AP Count subfield shall be set to the total count of all the APs to which this offer will be sent.
The method by which an offering AP decides to schedule CF-Offer frames is unspecified and is beyond the scope of this standard. It is recommended to use an algorithm that rewards an AP for providing CF-Offers by reciprocation. An example of such an algorithm is “tit-for-tat” where an AP makes an initial CF-Offer and then only makes further offers if it receives a CF-Offer from another AP. Some latitude in reciprocation is also recommended as the characteristics of the wireless medium may cause offers and responses to be lost.
An AP that transmits a CF-Offer frame and has this offer accepted is not precluded from failing to honor this offer by failing to scheduling a quiet interval. An AP accepting an offer should monitor the beacon frames of the AP that initiated the offer to check that a quiet interval has been scheduled.

An AP that supports collaboration shall respond to a valid CF-Offer frame with a CF-Response Frame. This response contains the decision by the recipient AP to accept or reject this offer. If the offer is accepted, the offering AP should schedule a quiet interval by transmitting one or more Quiet elements in Beacon and Probe Response frames as described in 11.9.2. The quiet interval in Beacon and Probe Response frames should specify the same period of time as that in the CF-Offer that has been accepted.

If the offer is rejected, the AP rejecting the offer may suggest an alternative quiet interval to the AP that made the offer. An AP that receives a rejected offer with a suggested silence period shall send another CF-Offer frame (containing an offer with the period of silence suggested in the previously received CF-Response Frame) if it is able to honor this suggested period of silence.
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Figure v97—AP Collaboration message flow

11.9.8.2 AP collaboration using a centralized management entity

Time-period based collaboration between APs operating on the same channel can be controlled by an external management entity by appropriate configuration of the dot11MgmtOptionBeaconOffset, dot11MgmtOptionGrantPeriodOffset, dot11MgmtOptionGrantPeriodLength, dot11MgmtOptionQuietPeriodOffset and dot11MgmtOptionQuietPeriodLength MIB variables.

An AP that has dot11MgmtOptionAPCollaborationImplemented set TRUE and has a non-zero value of dot11MgmtOptionQuietPeriodLength shall schedule quiet intervals by transmitting one or more Quiet elements in Beacon and Probe Response frames as described in 11.9.2. The Quiet elements shall indicate the period starting at offset (in TUs) given by the MIB variable dot11MgmtOptionQuietPeriodOffset, and length (in TUs) given by the MIB variable dot11MgmtOptionQuietPeriodLength. If there are any non-AP STAs associated to the AP that do not have spectrum management enabled (indicated by a zero in the Spectrum Management subfield in (re)associated requests) the AP shall in addition employ the secondary method to schedule quiet intervals by using a CF-Poll-to-self, as described in 11.9.8.1.
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Figure v98—Example timing of silence and grant periods
Insert the following new rows into A.4.18:

A.4.18 Wireless Network Management extensions

	
	
	
	
	

	Item
	Protocol Capability
	References
	Status
	Support

	RME13
	AP Collaboration
	11.9.8
	(CFv&SM7):O
	Yes, No, N/A

	RME13.1
	CF-Offer 
	7.4.2.5
	(CF1&RME10):M
	Yes, No, N/A

	RME13.2
	CF-Response 
	7.4.2.6
	(CF1&RME10):M
	Yes, No, N/A


Annex D
Insert the following after dot11MgmtOptionMultiBSSIDEnabled:


dot11MgmtOptionAPCollaborationImplemented

TruthValue,

dot11MgmtOptionBeaconOffset



INTEGER,

dot11MgmtOptionGrantPeriodOffset


INTEGER,

dot11MgmtOptionGrantPeriodLength


INTEGER,

dot11MgmtOptionQuietPeriodOffset


INTEGER,

dot11MgmtOptionQuietPeriodLength


INTEGER }

Insert the following after dot11MgmtOptionMultiBSSIDEnabled OBJECT-TYPE:

dot11MgmtOptionAPCollaborationImplemented OBJECT-TYPE

SYNTAX TruthValue

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute, when TRUE, indicates the capability of the AP to support collaboration using the Time Collaboration capability bit  of the Extended Capabilities information element, the CF-Offer and CF-Response frames. The default value of this attribute is FALSE.”

::= { dot11WirelessMgmtOptionsEntry 8 }

dot11MgmtOptionBeaconOffset OBJECT-TYPE

SYNTAX INTEGER (-1..32767)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute contains the offset, in TUs, from the common time reference until the start of the Beacon transmission. A value of -1 indicates no common time reference has been established for this AP.”

::= { dot11WirelessMgmtOptionsEntry 9 }

dot11MgmtOptionGrantPeriodOffset OBJECT-TYPE

SYNTAX INTEGER (0..131071)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute contains the offset, in TUs, from the scheduled start of the Beacon transmission until the start of the time period granted exclusively for use by this AP.”

::= { dot11WirelessMgmtOptionsEntry 10 }

dot11MgmtOptionGrantPeriodLength OBJECT-TYPE

SYNTAX INTEGER (0..65535)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute contains the duration, in TUs, of the period granted exclusively for use by this AP. When zero, no period has been granted for exclusive use by this AP.”

::= { dot11WirelessMgmtOptionsEntry 11 }

dot11MgmtOptionQuietPeriodOffset OBJECT-TYPE

SYNTAX INTEGER (0..131071)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute contains the offset, in TUs, from the scheduled start of the Beacon transmission until the start of the time period this AP is to remain quiet.”

::= { dot11WirelessMgmtOptionsEntry 12 }

dot11MgmtOptionQuietPeriodLength OBJECT-TYPE

SYNTAX INTEGER (0..65535)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute contains the duration, in TUs, of the quiet period for this AP. When zero, no quiet period has been set for this AP.”

::= { dot11WirelessMgmtOptionsEntry 13 }
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Abstract


This document describes a mechanism to allow multiple APs on the same channel to cooperatively share time on the wireless medium. This enables enhanced QoS by allowing collaborating APs to avoid allocating overlapping contention free periods and reducing back off periods due to collisions.
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