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Abstract

This document proposes text for radio measurement requests and reports using management frames of the Action subtype with a new Radio Measurement category.

3. Definitions

Insert the following new definitions in alphabetical order, renumbering as necessary:

Received Power Indicator (RPI):  A quantized measure of the absolute received power level as seen at the antenna connector. 

Received Signal Power (RSP): A measure of the absolute received power of an 802.11 signal as seen at the antenna connector.

4. Abbreviations and acronyms

Insert the following new definitions in alphabetical order, renumbering as necessary:

RPI
Received Power Indicator 

RSP
Received Signal Power 

7.1.3.1.2 Type and Subtype fields

Insert the Management/Action row and change the Management/Reserved row in Table 1 as follows:

Table 1 - Valid type and subtype combinations

	Type Value

b3 b2
	Type description
	Subtype value

b7 b6 b5 b4
	Subtype description

	00
	Management
	1101
	Action

	00
	Management
	11011110-1111
	Reserved


Insert the following new section after Section 7.2.3.11:

7.2.3.12 Action frame format

The frame body of a management frame of subtype Action contains the information shown in Table 16.

Table 16 - Action frame body

	Order
	Information

	1
	Action


7.3.1.4 Capability Information field

Change the second paragraph as follows
The length of the Capability Information field is 2 octets. The format of the Capability Information field is as illustrated in Figure 27.

Change the contents of Figure 27 as follows:

	
	
	
	
	
	
	
	

	B0
	B1
	B2
	B3
	B4
	B5
	B6
	B7

	ESS
	IBSS
	CF Pollable
	CF Poll Request
	Privacy
	Short Preamble
	PBCC
	Channel Agility

	
	
	
	
	
	
	
	

	B8
	B9
	B10
	B11
	B12
	B13
	B14
	B15

	Reserved (0)
	Reserved (0)
	Reserved (0)
	Reserved (0)
	Radio Measurement
	Reserved (0)
	Reserved (0)
	Reserved (0)


Figure 27 - Capability Information fixed field

Insert the following text at the end of 7.3.1.4:

A STA shall set the Radio Measurement subfield in the Capability Information field equal to 1 if the STA’s dot11RadioMeasurementEnabled is true, otherwise it shall be set equal to 0.

Insert the following new section after Section 7.3.1.10 and renumber figuresand tables as necessary:

7.3.1.11 Action field

The Action field provides a mechanism for specifying extended management actions. The format of the Action field is shown in Figure 1

	
	
	

	
	Category

	Action Details


	Octets:
	1
	variable


Figure 1 – Action field

The Category field shall be set to one of the non-reserved values shown in Tab1e 1. If a STA receives a unicast Action frame with an unrecognized Category field or some other syntactic error and the most significant bit of the Category field set equal to 0 then the STA shall return the Action frame to the source without change except that the most significant bit of the Category field shall be set equal to 1.

The Action Details field contains the details of the action. The details of the actions allowed in each category are described in the appropriate subclause referenced in Tab1e 1.

Table 1 - Category values

	Name
	Value
	See subclause

	Reserved
	0-2
	-

	Radio measurement
	3
	7.4.1 [1]

	Reserved
	4-127
	-

	Error
	128-255
	-


[1] : Change this reference as required to match the Radio Measurement  subclause

7.3.2 Information Elements

Insert Element ID 38-39 into Table 3-1 and change the Reserved row accordingly: 

Table 0‑1 – Element IDs

	Information Element
	Element ID

	Measurement Request
	38

	Measurement Report
	39


Insert the following new subsections under Section 7.3.2, adjusting the subsection numbers, figure numbers and table numbers as necessary: 

7.3.2.19 Measurement Request Element

The Measurement Request element contains a request that the receiving STA undertake a radio measurement. The format of the Measurement Request element is shown in Figure 0‑1.

	
	
	
	
	
	
	

	
	Element ID

	Length
	Measurement Token
	Measurement Mode
	Measurement Type
	Measurement Request

	Octets:
	1
	1
	1
	1
	1
	variable


Figure 0‑1 –Measurement Request element format

	
	
	
	
	
	

	
	Parallel
	Enable
	Not Used
	Report
	Reserved

	Bit:
	0
	1
	2
	3
	4-7


Figure 0‑2 –Measurement Request mode field
The Element ID field shall be equal to the Measurement Request value in Table 0‑1.

The Length field variable and depends on the length of the Measurement Request field. The minimum value of the Length field is 3 (e.g., enabling or disabling autonomous reports and using a zero-length Measurement Request field).

The Measurement Token shall be set to a non-zero number that is unique among the Measurement Request elements in a particular Measurement Request frame.

· As shown in Figure 0‑2, the Measurement Mode field is a bit field with the following bits defined:

· Parallel bit (bit 0) shall indicate whether the request should start in series or in parallel with the request described by any immediately previous Measurement Request element in the same Measurement Request frame. A value of zero shall mean the request shall start immediately after the previous request completed. A value of one shall mean the request shall start at the same time as the previous request. 

· Enable bit (bit 1) indicates whether this element is used to request the destination STA to enable or disable the sending of measurement requests and autonomous measurement reports of a specified type to this STA. The Enable bit shall be set equal to 1 when the Request bit and Report bit are valid. The Enable bit shall be set equal to 0 when the Request bit and Report bit are invalid.

· Report bit (bit 3) indicates whether the STA receiving the request shall enable or disable autonomous measurement reports of the type corresponding to the measurement report specified in the Measurement Type field. The Report bit shall be set equal to 1 when enabling an autonomous measurement report. The Report bit shall be set equal to 0 when disabling an autonomous measurement report or when the Report bit is invalid (i.e. when Enable bit is set equal to 0 or when the Measurement Type field contains a reserved measurement report type value).

· All other bits are reserved and shall be set equal to 0.

The Measurement Type field shall be set to a number that identifies a measurement request. Those Measurement Types that have been allocated are shown in Table 0‑2.

The Measurement Request field shall contain the specification of the measurement request, as described in the following clauses.

Table 0‑2 – Measurement Type definitions for Measurement Request element

	Measurment Name
	Measurement Type

	Unused
	0

	CCA Request
	1

	RPI Histogram Request
	2

	Beacon Request
	3

	Frame Request
	4

	Hidden Node Request
	5

	Reserved
	6-255


7.3.2.19.1 Beacon Request

The Measurement Request field corresponding to a Beacon Request is shown in Figure 0‑3 and contains the Measurement Duration and Channel Number for which the request applies. A response to a Beacon Request is a Beacon Report.

	
	
	
	

	
	Channel Number
	Scan Mode
	Measurement Duration

	Octets:
	1
	1
	2


Figure 0‑3 – Measurement Request field format for a Beacon Request
Channel Number indicates the channel number on which the requesting STA instructs the receiving STA to report detected beacons and probe responses.

Scan Mode shall be set to the type of scan, according to Table 0‑3. The scanning behavior shall be as follows:

· In Active Scan mode, the measuring STA shall transmit a probe request with the broadcast SSID. The measuring STA’s Beacon Report shall contain one information element for each STA from which it detects a beacon or probe response, regardless of whether the probe response was triggered by the measuring STA’s own probe request

· In Passive Scan mode, the measuring STA shall passively receive on the specified channel and return a Beacon Report containing one information element for each STA from which it detects a beacon or probe response. If the measuring channel is also the serving channel, the STA shall concurrently carry out its normal data traffic operation.

· In Beacon Table mode, the measuring STA shall return a Beacon Report containing the current contents of its beacon table without performing additional measurements.

The Measurement Duration field shall be set equal to the duration of the requested measurement, expressed in TUs.

Table 0‑3 – Scan Mode definitions for Beacon Request element
	Name
	Scan Mode

	Passive Scan
	0

	Active Scan
	1

	Beacon Table
	2

	Reserved
	3-255


7.3.2.19.2 Frame Request

The Measurement Request field corresponding to a Frame Request is shown Figure 0‑4 and contains the Measurement Duration and Channel Number for which the request applies. A response to a Frame Request is a Frame Report.

	
	
	
	

	
	Channel Number
	Spare
	Measurement Duration

	Octets:
	1
	1
	2


Figure 0‑4 – Measurement Request field format for a Frame Request

Channel Number indicates the channel number on which the requesting STA instructs the receiving STA to report detected 802.11 frames from any neighboring BSS or IBSS.

The Measurement Duration field shall be set equal to the duration of the requested measurement, expressed in TUs.

7.3.2.19.3 CCA Request

The Measurement Request field corresponding to a CCA Request is shown in Figure 0‑5 and contains the Measurement Duration and Channel Number for which the request applies. A response to a CCA Request is a CCA Report.

	
	
	
	

	
	Channel Number
	Spare
	Measurement Duration

	Octets:
	1
	1
	2


Figure 0‑5 – Measurement Request field format for a CCA Request
Channel Number indicates the channel number on which the AP instructs the receiving STA to issue a CCA Report.

The Measurement Duration field shall be set equal to the duration of the requested measurement, expressed in TUs.

7.3.2.19.4 RPI Histogram Request

The Measurement Request field corresponding to an RPI Histogram Request is shown in Figure 0‑6 and contains the Measurement Duration and Channel Number for which the request applies. A response to an RPI Histogram Request is an RPI Histogram Report.

	
	
	
	

	
	Channel Number
	Spare
	Measurement Duration

	Octets:
	1
	1
	2


Figure 0‑6 – Measurement Request field format for an RPI Histogram Request
Channel Number indicates the channel number on which the AP instructs the receiving STA to report background RF energy and non-802.11 interference on the specified channel.

The Measurement Duration field shall be set equal to the duration of the requested measurement, expressed in TUs.

7.3.2.19.5 Hidden Node Request

The Measurement Request field corresponding to a Hidden Node Request is shown Figure 0‑7.

	
	
	

	
	Spare
	Measurement Duration

	Octets:
	2
	2


Figure 0‑7 – Measurement Request field format for a Hidden Node Request
The Measurement Duration field shall be set equal to the duration of the requested measurement, expressed in TUs.

7.3.2.20 Measurement Report element

Measurement Report element contains a radio measurement report. The format of the Measurement Report element is shown in Figure 0‑8.

	
	
	
	
	
	
	

	
	Element ID

	Length
	Measurement Token
	Measurement Mode
	Measurement Type
	Measurement Report

	Octets:
	1
	1
	1
	1
	1
	variable


Figure 0‑8 –Measurement Report element format

	
	
	
	
	

	
	Parallel
	Incapable
	Refused
	Reserved

	Bit:
	0
	1
	2
	3-7


Figure 0‑9 –Measurement Report mode field
The Element ID field shall be equal to the Measurement Report value in Table 0‑1.

The Length field is variable and depends on the length of the Measurement Report field. The minimum value of the Length field is 3 (e.g., reporting a Measurement Mode equal to Incapable or Refused and using a zero-length Measurement Report field).

The Measurement Token field shall be set equal to the Measurement Token in the corresponding Measurement Request element. If the Measurement Report element is being sent autonomously then the Measurement Token shall be set equal to zero.

As shown in Figure 0‑9, the Measurement Mode field is a bit field with the following bits defined:

· Parallel bit (bit 0) shall indicate whether the measurement was started in series or in parallel with the measurement described by any immediately previous Measurement Report element in the same Measurement Report frame or in a previous Measurement Report frame with the same Dialog Token value. A value of zero shall mean the measurement started immediately after the previous measurement completed. A value of one shall mean the measurement started at the same time as the previous measurement.

· Incapable bit (bit 1) shall indicate whether this STA is incapable of generating a report of the type specified in the Measurement Type field as requested by the STA receiving this Measurement Report element. The Incapable bit shall be set equal to 1 when the STA is incapable. The Incapable bit shall be set equal to 0 when the STA is capable or the report is autonomous.

· Refused bit (bit 1) shall indicate whether this STA is refusing to generate a report of the type specified in the Measurement Type field as requested by the STA receiving this Measurement Report element. The Refused bit shall be set equal to 1 when the STA is refusing. The Refused bit shall be set equal to 0 when the STA is not refusing or the report is autonomous.

· All other bits are reserved and shall be set equal to 0.

The Measurement Type field shall be set to a number that identifies the measurement report. Those Measurement Types that have been allocated are shown in Table 0‑4.

The Measurement Report field shall be null when the Incapable bit is set equal to 0 or the Refused bit is set equal to 0 and shall contain the specification of the measurement report, as described in the following clauses, otherwise. 

Table 0‑4 – Measurement Type definitions for Measurement Request element

	Measurement Name
	Measurement Type

	Unused
	0

	CCA Report
	1

	RPI Histogram Report
	2

	Beacon Report
	3

	Frame Report
	4

	Hidden Node Report
	5

	Reserved
	6-255


7.3.2.20.1 Beacon Report

The format of the Measurement Report field corresponding to Beacon Report is shown in Figure 0‑10.

	
	
	
	
	
	
	

	
	Channel Number
	Spare
	Measurement Duration
	PHY Type
	Received Signal Power
	BSSID

	Octets:
	1
	1
	2
	1
	1
	6

	
	
	
	
	
	
	

	
	Parent TSF
	Target TSF
	Beacon Interval
	Capability Information
	Received Elements
	

	Octets:
	4
	8
	2
	2
	variable
	


Figure 0‑10 – Measurement Report field format for a Beacon Report
Channel Number indicates the channel number to which the Beacon Report applies. 

Measurement Duration shall be set equal to the duration over which the Beacon Report was measured, expressed in TUs.

PHY Type indicates the physical medium type. Valid entries are listed in Table 0‑5.

Received Signal Power is a signed integer that indicates the received strength of the beacon or probe response frame in dBm. The measurement tolerance shall be ±3 dB.

BSSID contains the 6-byte BSSID of the STA that transmitted the beacon or probe response frame.

Parent TSF contains the lower 4 bytes of the serving AP’s TSF value at the time the measuring STA received the beacon or probe response frame.

Target TSF contains the 8-byte TSF value contained in the beacon or probe response received by the measuring STA.

Beacon Interval is equal to the 2-byte Beacon Interval field in the received beacon or probe response.

Capability Information is equal to the 2-byte Capability Information field in the received beacon or probe response.

The Received Elements portion of the Beacon report contains a variable number of information elements. The information elements listed in Table 0‑6 must be included in the Beacon Report if they are present in the measured beacon or probe response and if the measured BSSID is different from the STA’s current BSS . All reported TIM elements shall be truncated to 4 octets. The measuring STA may optionally report elements not listed in Table 0‑6. 

Table 0‑5 – PHY Types

	PHY Name
	PHY Type

	FH
	1

	DSS
	2

	IR
	3

	OFDM
	4

	High Rate DSS
	5

	ERP
	6

	Reserved
	0, 7-255


Table 0‑6 – Mandatory Information Elements to be included in Beacon Report

	Element Name
	Comment

	SSID
	

	Supported Rates
	

	FH Parameter Set
	

	DS Parameter Set
	

	CF Parameter Set
	May truncate and report first 6 octets only

	IBSS Parameter Set
	

	TIM
	May truncate and report first 6 octets only

	Radio Management Capability
	May delete OUI and Version, reporting RM State only


7.3.2.20.2 Frame Report 

The format of the Measurement Report field corresponding to a Frame Report is shown in Figure 0‑11.

	
	
	
	
	
	
	

	
	Channel Number
	Spare
	Measurement Duration
	
	
	

	Octets:
	1
	1
	2
	
	
	

	
	
	
	
	
	
	

	
	Transmit Address
	BSSID
	Received Signal Power
	Number of Frames
	The element contains one or more quadruplets
	

	Octets:
	6
	6
	1
	1
	
	


Figure 0‑11– Measurement Report field format for a Frame Report
Channel Number indicates the channel number to which the Frame Report applies.

Measurement Duration shall be set equal to the duration over which the Frame Report was measured, expressed in TUs.

Transmit Address contains the 6-byte MAC address of the transmitter STA of the measured frame. 

BSSID contains the 6-byte BSSID of the STA that transmitted the beacon or probe response frame.

Received Signal Power is a signed integer that indicates the average signal strength of the received 802.11 frames (in dBm) from the preceding transmit address. This field may be the weighted average or unweighted average of signal strengths of the individual frames. The measurement tolerance shall be ±3 dB.

Number of Frames is a count of the frames received from the transmit address in the quadruplet.

7.3.2.20.3 CCA Report 

The format of the Measurement Report field corresponding to a CCA Report is shown in Figure 0‑12.

	
	
	
	
	

	
	Channel Number
	Spare
	Measurement Duration
	CCA Busy Fraction

	Octets:
	1
	1
	2
	1


Figure 0‑12 – Measurement Request field format for a CCA Report
Channel Number indicates the channel number to which the CCA Report applies.

Measurement Duration shall be set equal to the duration over which the CCA Report was measured, expressed in TUs. 

CCA Busy Fraction shall contain the fractional duration over which CCA indicated the channel was busy during the measurement duration. It is defined as Ceiling (255 * [Duration CCA indicated channel was busy] / [Measurement duration]).

7.3.2.20.4 RPI Histogram Report

The format of the Measurement Report field of an RPI Histogram Report is shown in Figure 0‑13.

	
	
	
	
	
	
	
	
	
	
	
	

	
	Channel Number
	Spare
	Measurement Duration
	RPI 0 Density
	RPI 1 Density
	RPI 2 Density
	RPI 3 Density
	RPI 4 Density
	RPI 5 Density
	RPI 6 Density
	RPI 7 Density

	Octets:
	1
	1
	2
	1
	1
	1
	1
	1
	1
	1
	1


Figure 0‑13 – Measurement Request field format for an RPI Histogram Report
Channel Number indicates the channel number to which the RPI Histogram Report applies.

Measurement Duration shall be set equal to the duration over which the RPI Histogram Report was measured, expressed in TUs.

The RPI Histogram Report shall contain the RPI densities in each of eight power ranges defined in Table 0‑7 as measured in the specified channel over the specified measurement duration. The RPI density is defined as Ceiling (255 * [Period receiving at RPI / Measurement Period]).

Table 0‑7 – RPI Definitions for an RPI Histogram Report

	RPI
	Power Observed at Antenna (dBm)

	0
	Power -87

	1
	-87  Power -82

	2
	-82  Power -77

	3
	-77 Power -72

	4
	-72 Power -67

	5
	-67 Power -62

	6
	-62 Power -57

	7
	-57 Power


7.3.2.20.5 Hidden Node Report

The format of the Measurement Report field of a Hidden Node Report is shown in Figure 0‑14.

	
	
	
	
	
	
	

	
	Channel Number
	Spare
	Measurement Duration
	
	
	

	Octets:
	1
	1
	2
	
	
	

	
	
	
	
	
	
	

	
	Hidden Station Address
	Spare
	Number of Frames
	The element contains one or more triplets
	
	

	Octets:
	6
	1
	1
	
	
	


Figure 0‑14 – Measurement Report field format for a Hidden Node Report
Channel Number indicates the channel number to which the Hidden Node Report applies.

Measurement Duration shall be set equal to the duration over which the RPI Histogram Report was measured, expressed in TUs.

Hidden Station Address contains the 6-byte MAC address of the destination of the 802.11 frame sent by the AP and received by the measuring STA without the detecting subsequent acknowledgement.

Number of Frames is a count of the frames received from the hidden station address in the triplet.

Insert the following new subsection under Section 7.4, adjusting the subsection number, figure numbers and table numbers as necessary: 

7.4 Management Actions

This subclause describes the Action frame formats, including the Action Details field, allowed in each of the action categories defined in Table 1 in 7.3.1.11.

7.4.1 Radio Measurement Action Details

Two Action frame formats are defined for Radio Measurement purposes. An Action field, in the octet field immediately after the Category field, differentiates the two formats. The Action field values associated with each frame format are defined in Table 5.

Table 5 – Radio Measurement Action field values 

	Action field value 
	Description

	0
	Measurement Request

	1
	Measurement Report

	2-255
	Reserved


7.4.1.1 Measurement Request frame format

The Measurement Request frame uses the Action frame body format and is transmitted by a STA requesting another STA to measure one or more channels. The format of the Measurement Request frame body is shown in Figure 22.

	
	
	
	
	
	
	

	
	Category
	Action
	Dialog Token
	Activation Delay
	Measurement Offset
	Measurement
Request Elements

	Octets:
	1
	1
	1
	1
	1
	variable


Figure 22 - Measurement Request frame body format

The Category field shall be set equal to the value indicating the Radio Measurement category, as specified in Table 1 in 7.3.11.

The Action field shall be set equal to the value indicating Measurement Request, as specified in Table 5 in 7.4.1.

The Dialog Token field shall be set equal to a non-zero value chosen by the STA sending the measurement request to identify the request/report transaction.

The Activation Delay field shall be set equal to the number of TBTTs until the interval specified by the Measurement Offset field starts. A value of 0 indicates no activation delay. A value of 1 indicates the next TBTT.

The Measurement Offset field shall be set equal to the time after the activation delay, expressed in TUs, at which the measurement specified by the first Measurement Request element shall start. If there is no activation delay, the Measurement Offset shall be set equal to zero and the measurement specified by the first Measurement Request element shall begin after reception of the Measurement Request frame is complete. The value of the Measurement Offset field shall be less than one Beacon interval.

The Measurement Request Elements field shall contain one or more of the Measurement Request elements described in 7.3.2.19. The number and length of the Measurement Request elements in a Measurement Request frame is limited by the maximum allowed MMPDU size.

7.4.1.2 Measurement Report frame format

The Measurement Report frame uses the Action frame body format and is transmitted by a STA in response to a Measurement Request frame or by a STA autonomously providing measurement information. The format of the Measurement Report frame body is shown in Figure 23.

	
	
	
	
	

	
	Category
	Action
	Dialog Token
	Measurement
Report Elements

	Octets:
	1
	1
	1
	variable


Figure 23 - Measurement Report frame body format

The Category field shall be set equal to the value indicating the Radio Measurement category, as specified in Table 1 in 7.3.11.

The Action field shall be set equal to the value indicating Measurement Report, as specified in Table 5 in 7.4.1.

The Dialog Token field shall be set equal to the value in any corresponding Measurement Request frame. If the Measurement Report frame is not being transmitted in response to a Measurement Request frame then the Dialog token shall be set equal to zero.

The Measurement Report Elements field shall contain one or more of the Measurement Report elements described in 7.3.2.20. The number and length of the Measurement Report elements in a Measurement Report frame is limited by the maximum allowed MMPDU size.

10.3 MLME SAP Interface

Insert the following new subsections under Section 10.3, adjusting the subsection numbers, figure numbers and table numbers as necessary: 

10.3.11 Radio Measurement Protocol Layer Model

The layer management extensions for radio measurement assume a certain partition of Radio Measurement functionality between the MLME and SME. This partitioning assumes that policy decisions regarding measurement reside in the SME, while the protocol for measurement and the associated frame exchanges resides within the MLME.
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Figure 27 – Layer Management Model

The informative diagrams within this clause further illustrate the radio measurement protocol model adopted. Figure 28 and Figure 29 depict the measurement process for a peer STA accepting and rejecting a measurement request respectively.


Figure 28 - Measurement Request - Accepted


Figure 29 - Measurement Request - Rejected

10.3.12
Measurement Request

This set of primitives supports the signaling of Measurement requests between peer SME entities.

10.3.12.1 MLME-MREQUEST.request

10.3.12.1.1 Function

This primitive requests the transmission of a measurement request to a peer entity.

10.3.12.1.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MREQUEST.request
(
Peer MAC Address,
Dialog Token,
Activation Delay,
Measurement Offset,
Measurement Request Set
)

	
	
	
	

	Name
	Type
	Valid Range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual or group MAC Address
	The address of the peer MAC entity to which the measurement request shall be set.

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

	Activation Delay
	Integer
	0 – 255
	The measurement activation delay in TBTTs as defined for the Measurement Request frame type.

	Measurement Offset
	Integer
	0 – 255
	The measurement offset in TUs as defined for the Measurement Request frame type.

	Measurement Request Set
	Set of measurement requests each as defined in the Measurement Request element format

	Set of measurement requests each as defined in the Measurement Request element format
	A set of measurement requests each containing a Measurement Token, Measurement Request Mode, Measurement Type and a Measurement Request.


10.3.12.1.3 When Generated

This primitive is generated by the SME to request that a Measurement Request frame be sent to a peer entity to initiate one or more measurements.

10.3.12.1.4 Effect of Receipt

On receipt of this primitive, the MLME shall construct a Measurement Request frame containing the set of Measurement Request elements specified. This frame shall then be scheduled for transmission.

10.3.12.2 MLME-MREQUEST.confirm

10.3.12.2.1 Function

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

10.3.12.2.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MREQUEST.confirm
(
ResultCode
)




	
	
	
	

	Name
	Type
	Valid Range
	Description

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


10.3.12.2.3 When Generated

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

10.3.12.2.4 Effect of Receipt

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

10.3.12.3 MLME-MREQUEST.indication

10.3.12.3.1 Function

This primitive indicates that a Measurement Request frame has been received requesting the measurement of one or more channels.

10.3.12.3.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MREQUEST.indication
(
Peer MAC Address,
Dialog Token,
Activation Delay,
Measurement Offset,
Measurement Request Set 
)

	
	
	
	

	Name
	Type
	Valid Range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual Address
	The address of the peer MAC entity from which the measurement request was received.

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

	Activation Delay
	Integer
	0 – 255
	The measurement activation delay in TBTTs as defined for the Measurement Request frame type.

	Measurement Offset
	Integer
	0 – 255
	The measurement offset in TUs as defined for the Measurement Request frame type.

	Measurement Request Set
	Set of measurement requests each as defined in the Measurement Request element format
	Set of measurement requests each as defined in the Measurement Request element format
	A set of measurement requests each containing a Measurement Token, Measurement Request Mode, Measurement Type and a Measurement Request.


10.3.12.3.3 When Generated

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

10.3.12.3.4 Effect of Receipt

On receipt of this primitive, the SME shall either reject the request, or commence the requested measurements.

10.3.13 Channel Measurement

This set of primitives supports the request and reporting of measurement data.

10.3.13.1 MLME-MEASURE.request

10.3.13.1.1 Function

This primitive is generated by the SME to request that the MLME initiate specified measurements.

10.3.13.1.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MEASURE.request
(
Dialog Token,
Activation Delay,
Measurement Offset,
Measurement Request Set
)

	
	
	
	

	Name
	Type
	Valid Range
	Description

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

	Activation Delay
	Integer
	0 – 255
	The measurement activation delay in TBTTs as defined for the Measurement Request frame type.

	Measurement Offset
	Integer
	0 – 255
	The measurement offset in TUs as defined for the Measurement Request frame type.

	Measurement Request Set
	Set of measurement requests each as defined in the Measurement Request element format
	Set of measurement requests each as defined in the Measurement Request element format
	A set of measurement requests each containing a Measurement Token, Measurement Request Mode, Measurement Type and a Measurement Request.


10.3.13.1.3 When Generated

This primitive is generated by the SME to request that the MLME initiate the specified measurements.

10.3.13.1.4 Effect of Receipt

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

10.3.13.2 MLME-MEASURE.confirm

10.3.13.2.1 Function

This primitive reports the result of a measurement.

10.3.13.2.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MEASURE.confirm
(
ResultCode,
Dialog Token,
Measurement Report Set
)

	
	
	
	

	Name
	Type
	Valid Range
	Description

	ResultCode
	Enumeration
	SUCCESS,
INVALID PARAMETERS, UNSPECIFIED FAILURE
	The outcome of the measurement request.

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

	Measurement Report Set
	Set of measurement reports each as defined in the Measurement Report element format
	Set of measurement reports each as defined in the Measurement Report element format
	A set of measurement reports each containing a Measurement Token, Measurement Report Mode, Measurement Type and a Measurement Report.


10.3.13.2.3 When Generated

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

10.3.13.2.4 Effect of Receipt

On receipt of this primitive, the SME shall evaluate the result code and if appropriate shall store the channel measurements pending communication to the requesting entity, or for local use.

10.3.14 Measurement Report

This set of primitives supports the signaling of measurement reports.

10.3.14.1 MLME-MREPORT.request

10.3.14.1.1 Function

This set of primitives supports the signaling of Measurement reports between peer SME entities.

10.3.14.1.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MREPORT.request
(
Peer MAC Address,
Dialog Token,
Measurement Report Set
)

	
	
	
	

	Name
	Type
	Valid Range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual MAC Address
	The address of the peer MAC entity to which the measurement report shall be set.

	Dialog Token
	Integer
	0 – 255
	The Dialog Token to identify the measurement transaction. Set to 0 for an autonomous report.

	Measurement Report Set
	Set of measurement reports each as defined in the Measurement Report element format
	Set of measurement reports each as defined in the Measurement Report element format
	A set of measurement reports each containing a Measurement Token, Measurement Report Mode, Measurement Type and a Measurement Report.


10.3.14.1.3 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.

10.3.14.1.4 Effect of Receipt

On receipt of this primitive, the MLME shall construct a Measurement Report frame containing the set of Measurement Reports, or Requests according to the Status. This frame shall then be scheduled for transmission.

10.3.14.2 MLME-MREPORT.confirm

10.3.14.2.1 Function

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

10.3.14.2.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MREPORT.confirm
(
ResultCode
)

	
	
	
	

	Name
	Type
	Valid Range
	Description

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


10.3.14.2.3 When Generated

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

10.3.14.2.4 Effect of Receipt

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

10.3.14.3 MLME-MREPORT.indication

10.3.14.3.1 Function

This primitive indicates that a Measurement Report frame has been received from a peer entity. This may be in response to an earlier Measurement request (MLME-MREQUEST.request), or may be an autonomous report.

10.3.14.3.2 Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MREPORT.indication
(
Peer MAC Address,
Dialog Token,
 Measurement Report Set
)

	
	
	
	

	Name
	Type
	Valid Range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual MAC Address

	The address of the peer MAC entity from which the Measurement Report frame was received.

	Dialog Token
	Integer
	0 – 255
	The Dialog Token to identify the measurement transaction. Set to 0 for an autonomous report.

	Measurement Report Set
	Set of measurement reports each as defined in the Measurement Report element format
	Set of measurement reports each as defined in the Measurement Report element format
	Only present if Status = 0, or 1.
A set of measurement reports each containing a Measurement Token, Measurement Report Mode, Measurement Type and a Measurement Report.


10.3.14.3.3 When Generated

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

10.3.14.3.4 Effect of Receipt

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

11 MLME

Insert the following new subsections under Section 11, adjusting the subsection numbers, figure numbers and table numbers as necessary: 

11.7 Radio Measurement Procedures 

This section describes the radio measurements and the procedures for requesting and reporting radio measurements between 802.11 stations.

11.7.1 Dedicated versus concurrent measurements

Measurements on non-serving channels are dedicated measurements, requiring the measuring STA to interrupt its normal data traffic operation, switch channels and acquire radio measurements.

Measurements on the serving channel shall be executed by the STA as concurrent measurements, which do not require the STA to interrupt its normal data traffic operation. 

11.7.2 Notifying the AP before measuring off-serving channel

All stations are responsible for providing a power-save notification before switching channels to execute off-serving channel measurements. To facilitate broadcast and multicast measurements, the Radio Measurement category specifies randomized start times to reduce the likelihood of packet collisions among measuring stations.

11.7.3 Randomization of measurement start time

Measurements in the Radio Measurement category do not require precise time synchronization between stations. The Radio Measurement category specifies randomized start times to simplify the implementation and to use the channel efficiently when collecting measurements via broadcast and multicast requests. This randomization avoids the traffic storms that could arise with synchronized measurements before each off-serving channel measurement and after completing the full measurement sequence.

All measurement requests contain a start time for the measurement sequence, as specified by the Activation Delay and Measurement Offset in the Measurement Request frame. The Radio Measurement category requires stations to randomize the start time of the first measurement in a requested sequence. Each station shall start its measurement sequence at a randomly selected time within a predefined interval that begins at the requested start time. A station may adopt any randomization interval between 4 ms and 40 ms. Actual start times must be uniformly random across the interval.

11.7.4 Requesting and reporting of measurements

A STA may measure one or more channels itself or a STA may request other STAs in the same BSS or IBSS to measure one or more channels on its behalf.

When requesting other STAs to measure one or more channels, a STA shall use a Measurement Request frame containing one or more Measurement Request elements. The measurement request may be sent to a unicast, multicast or broadcast destination address. The measurement requests allowed by these rules are shown in Table 0‑1.

Table 0‑1 – Allowed measurement requests

	Service Set
	Source of Request
	Destination of Request
	Type of Measurement Request Allowed

	
	AP
	STA
	Unicast, multicast, broadcast

	BSS
	STA
	AP
	Unicast only

	
	STA
	STA
	None

	IBSS
	STA
	STA
	Unicast, multicast, broadcast


The Measurement Request elements within a Measurement Request frame may specifiy multiple measurement types across multiple channels. 

Only the most recently received Measurement Request frame of highest precedence is active at each station. Unicast measurement requests take precedence over multicast requests, which take precedence over broadcast requests.

A STA may issue another measurement request while a previous measurement request is pending and has not yet started. In this case, the new request supersedes any previous request of the same precedence, and the measuring STA discards the partial results from the previous measurement.

A STA that successfully requests another STA to perform a measurement on the serving channel may transmit MPDUs and MMPDUs to that STA during the measurement itself. 

A STA that successfully requests another STA to perform a measurement on a non-serving channel is not required to take any special action to suspend traffic to that STA. Rather, the measuring STA is responsible for issuing a power-save notification to suspend incoming traffic according to standard power-save procedures. 

The execution of each request in the Radio Measurement category is optional and may be ignored by the receiving STA if its execution would significantly degrade the station’s performance. Reasons may include reduced quality of service, unacceptable power consumption, or other significant degradations.

The result of each Measurement Request frame shall be returned without undue delay to the requesting STA in Measurement Report elements using one or more Measurement Report frames. The measuring STA may choose to truncate its results, if necessary, to limit its response to a single Measurement Report frame.

The Measurement Report frames shall contain the same Dialog Token field as the corresponding Measurement Request frame and each Measurement Report element shall contain the same Measurement Token field as the corresponding Measurement Request element.

A STA may respond to a unicast Measurement Request with an indication that the STA is refusing or is incapable of completing the measurement request. A STA may not respond to broadcast and multicast requests in this manner.

If enabled, a STA may autonomously report measurements to another STA in its BSS or IBSS using a Measurement Report frame with a Dialog Token field set equal to 0 containing one or more Measurement Report elements. A STA in an IBSS may also autonomously report measurements to other STAs in the IBSS using the IBSS Basic Reports fields in the IBSS DFS element in a Beacon or Probe Response.

A STA may enable or disable autonomous measurement reports from another STA by transmitting Measurement Request elements with the Enable bit set equal to 1 and Report bit set equal to 0 or 1 as appropriate. These elements do not require a corresponding Measurement Report element in a Measurement Report Frame. All solicited measurement reports are enabled by default. All autonomous measurement requests are disabled by default in a BSS and enabled by default in an IBSS.

Since measurements on non-serving channels could potentially degrade a station’s performance, non-serving channel measurements should be requested sparingly and for short durations. Since measurements on the serving channel execute concurrently with normal traffic processing, serving channel measurements may be requested more frequently and for longer durations. If desired, the AP may to issue periodic concurrent measurement requests to achieve near-continuous reporting.

11.7.5 Station responsibilities

A Radio Measurement-capable STA is responsible for decoding and interpreting each Measurement Report frame and assessing its impact on its own performance. However, the execution of each request in the Radio Measurement category is optional and may be ignored by the receiving STA if its execution would significantly degrade the station’s performance. Reasons may include reduced quality of service, unacceptable power consumption, or other significant degradations.

11.7.6 Specific measurement usage

11.7.6.1 Beacon Report

A STA receiving a Beacon Request shall respond with a Radio Measurement Report frame containing one Measurement (Beacon) Report element for each BSSID from which it detected a beacon or probe response. If requested on the serving channel, the measuring STA shall include a Radio Measurement (Beacon) Report element describing its serving AP. In this case, the element shall contain all of the Beacon Report fixed fields and may optionally eliminate the Received Elements. 

11.7.6.2 Frame Report

A STA receiving a Frame Request shall respond with a Radio Measurement Report frame containing one or more Measurement (Frame) Report elements. Each element contains one or more Frame Report quadruplets, each consisting of the Number of Frames, Received Signal Power, BSSID and Transmit Address. Each quadruplet summarizes the traffic from one transmit address. The Received Signal Power may be the weighted average or unweighted average of signal strengths of the individual frames. 

11.7.6.3 CCA Report

A STA receiving a CCA Request shall respond with a Radio Measurement Report frame containing one Measurement (CCA) Report element. The CCA Report in the Radio Measurement category is identical to the CCA Report in the Spectrum Management category. 

11.7.6.4 RPI Histogram Report

A STA receiving an RPI Histogram Request shall respond with a Radio Measurement Report frame containing one Measurement (RPI Histogram) Report element. The RPI Histogram Report in the Radio Measurement category shall include only non-802.11 energy in its result by sampling the channel only when CCA indicates that no 802.11 signal is present.

11.7.6.5 Hidden Node Report 

A STA receiving a Hidden Node Request shall respond with a Radio Measurement Report frame containing one or more Measurement (Hidden Node) Report elements. Each element contains one or more Hidden Node Report triplets, each consisting of the Number of Frames and the address of the hidden station.

A measuring STA detects a potential hidden node when it receives a downlink frame to which it detects no acknowledgement. To minimize false alarms, the measuring STA shall issue a Hidden Node report only when the detected downlink frame is an initial transmission. It shall not issue a Hidden Node report when the downlink frame is a retransmission. 
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