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Abstract

This document contains changes to TGk draft v1.2 to modify the way periodic measurements are implemented.  Instead of implementing periodic measurements only for beacon requests, this paper proposes providing periodicity at the Measurement Request Frame level.  Also the approach for periodic measurements is changed to align with the "loose time" processing used for the sequence measurement request elements in a Measurement Request frame.  Instead of specifying a measurement interval, the Measurement Request frame specifies the number of repetitions to be processed.  A time delay between repetitions of the measurement frame is provided at the frame level.  Also a time delay is provided as a measurement request element in order to loosely control the timing between measurements.

This document is based on TGK draft v1.2.  This contribution provides comment resolution for #86, #466 and 921 and substantially improves many of the already accepted comment resolutions for periodic Beacon Requests.…. 

Make the following noted changes to the latest TGk draft.  Changes are noted with for deletions and highlighted underscore for additions:

7.3.2.21 Measurement Request element

Change clause 7.3.2.21 as follows:

The Measurement Request element contains a request that the receiving STA undertake the specified measurement action. The format of the Measurement Request element is shown in Figure 46g.










Element ID

Length

Measurement Token
Measurement Request Mode (see Figure 46h)
Measurement Type
Measurement Request

Octets:
1
1
1
1
1
variable

Figure 46g—Measurement Request element format











Reserved
(0)

Parallel
Enable
Request
Report
Duration Mandatory
Periodic
Reserved
(0)

Bit:
0
1
2
3
4
5
6-7

Figure 46h—Measurement Request Mode field

The Length field is variable and depends on the length of the Measurement Request field. The minimum value of the Length field is 3 (based on a minimum length for the Measurement Request field of 0 octets)

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

The Measurement Request Mode field (shown in Figure 46h) is a bit field with the following bits defined:

· Parallel bit (bit 0) indicates whether the measurement should start in series or in parallel with the measurement described by any immediately previous Measurement Request element in the same Measurement Request frame. A value of 0 shall mean the measurement shall start immediately after the previous measurement completed. A value of 1 shall mean the measurement shall start at the same time as the previous measurement. The Parallel bit shall only be set to 1 in Measurement Report elements within Radio Measurement action frames. For a periodic measurement, the parallel bit applies only to the start time of the first measurement in the periodic measurement interval.

· 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 to 1 when the Request bit and Report bit are valid. The Enable bit shall be set to 0 when the Request bit and Report bit are invalid.

· Request bit (bit 2) indicates whether the STA receiving the request shall enable or disable measurement requests of the type specified in the Measurement Type field. The Request bit shall be set to 1 when enabling a measurement request. The Request bit shall be set to 0 when disabling a measurement request or when the Request bit is invalid (i.e. when Enable bit is set to 0 or when the Measurement Type field contains a reserved measurement request type value).

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

· Duration Mandatory bit (bit 4) indicates whether the measurement duration contained within the Measurement Request should be interpreted as mandatory by the STA receiving the request. A value of 0 shall indicate that the duration requested is a target duration, but the requesting STA will accept measurement results taken over a shorter duration. A value of 1 shall indicate that the duration requested is a mandatory duration.

· Periodic bit (bit 5) indicates that the measurement is periodic.  A value of 1 indicates that the measurement shall be repeated as specified in the measurement request frame. A value of 0 indicates that the measurement is performed only once.
· All other bits are reserved and shall be set to 0.

The use of the Enable, Request and Report bits is also summarized in Table 20a. See 11.6.6 for the description of how a STA shall handle requests to enable or disable measurement requests and autonomous reports.

Table 20a—Summary of use of Enable, Request and Report bits

Bits
Meaning of bits

Enable
Request
Report


0
0
0
When Enable bit set to 0, Request and Report bits are invalid and shall be set to 0

0
0
1
Not allowed

0
1
0
Not allowed

0
1
1
Not allowed

1
0
0
The transmitting STA is requesting that it is sent neither measurement requests nor autonomous measurement reports of the types indicated in the Measurement Type field

1
1
0
The transmitting STA is indicating it will accept measurement requests and requesting it is not be sent autonomous measurement reports of the types indicated in the Measurement Type field

1
0
1
The transmitting STA is requesting it not be sent measurement requests and indicating it will accept autonomous measurement reports of the types indicated in the Measurement Type field

1
1
1
The transmitting STA is indicating it will accept measurement requests and autonomous measurement reports of the type indicated in the Measurement Type field

The Measurement Type field shall be set to a number that identifies a measurement request or a measurement report. Those Measurement Types that have been allocated for measurement requests are shown in Table 20b and measurement reports are shown in Table 20c (in 7.3.2.207.3.2.22).

Table 20b—Measurement Type definitions for measurement requests

Name
Measurement Type

Basic Request
0

Clear Channel Assessment (CCA) request
1

Receive power indication (RPI) histogram request
2

Channel load request
3

Noise histogram request
4

Beacon request
5

Frame request
6

Hidden Station request
7

Medium sensing time histogram request
8

STA statistics request
9

Measurement Pause request
10

Reserved
311-255




The Measurement Request field shall be nullempty when the Enable bit is set to 1. and When the Enable bit is set to 0, the Measurement Request field shall contain the specification of the the specification of the measurement request, as described in 7.3.2.19.17.3.2.21.1 through 7.3.2.19.37.3.2.21.10, when the Enable bit is set to 0.

The Measurement Request element is included in a Measurement Request frame as described in 7.4.1.1. The use of Measurement Request elements and frames is described in 11.6.6.
The Measurement Request element is included in spectrum management Measurement Request frames as described in 7.4.1.1, or radio measurement Measurement Request frames as described in 7.4.2.1. Measurement Types 0, 1 and 2 are defined for spectrum management and shall only be included in spectrum management Measurement Request frames. All other Measurement Types are defined for radio measurement and shall only be included in radio measurement Measurement Request frames. The use of Measurement Request elements and frames for spectrum management is described in 11.6.6. The use of Measurement Request elements and frames for radio measurement is described in 11.7.

7.3.2.21.6 Beacon Request

The Measurement Request field corresponding to a Beacon Request is shown in Figure k5.










Channel Number
Channel Band
Randomization Interval
Measurement Duration
Measurement Mode


Octets:
1
1
2
2
1











BSSID



Reporting Condition
Threshhold /Offset
Hysteresis

Octets:
6
2
2
1
1
1

Figure k5 – Measurement Request field format for a Beacon Request

Channel Number indicates the channel number for which the measurement request applies. Channel Number is defined within a Channel Band as shown in Table k1. A Channel Number of 0 indicates a request to make iterative measurements for all channels in the Channel Band that are valid for the current regulatory domain. A Channel Number of 255 (FF Hex) indicates a request to make iterative measurements for all channels listed in the AP Channel Report for the Channel Band. This procedure is described in 11.7.8.1.

Channel Band indicates the frequency band for which the measurement request applies. Valid values of Channel Band are shown in Table k1.

Randomization Interval shall be set equal to the desired maximum random delay in the start time, expressed in TUs. For periodic measurements, the randomization of the measurement start time shall be applied only to the first measurement of the periodic series of measurements.

The Measurement Duration field shall be set to the preferred duration of the requested measurement, expressed in TUs. If the Duration Mandatory bit is set to 1 in the Measurement Request Mode field this shall be interpreted as a mandatory measurement duration. If the Duration Mandatory bit is set to 0 this shall be interpreted as a target measurement duration. See 11.7.4.

Measurement Mode indicates the mode to be used for the measurement. The valid measurement modes are listed in Table k3. The procedures for each mode are described in 11.7.8.1.

Table k3 – Measurement Mode definitions for Beacon Request element
Mode
Value

Passive
0

Active
1

Beacon Table
2

Reserved
3-255




The BSSID field indicates the BSSID of the particular BSS, or BSSs for which a beacon report is requested. This may be the BSSID of an individual BSS, or may be the broadcast BSSID. The BSSID shall be set to the broadcast BSSID when requesting beacon reports for all BSSs on the channel.












































If channel Number is 0 and scan mode is set to Active mode or Passive mode, the receiving STA shall iteratively conduct measurements for all channels that are valid for the current regulatory domain in the specified channel band.. The time between each consecutive measurement is defined in subclause 11.7.2. The receiving STA shall randomly select a channel number to start with and pursue iterative measurements for all channels during the measurement interval.

The Reporting Condition defines when the measured results are to be reported to the requesting STA. The Reporting Condition values are defined in Table k6. For STAs in an IBSS, the Reporting Condition shall be set to a value in the range 0-4, inclusive. For purposes of conditional reporting, the RSSI and RCPI reference levels referred to in Table k6 are moving average values of the RSSI or RCPI levels of the most recent beacons received from the measuring STA's serving AP. In order to reduce the sampling error to several dB, the RSSI and RCPI reference levels are averaged over the last 20-40 serving AP beacons. The STA shall use this average reference level to test the measured STA beacon level for the reporting conditions listed in Table k6. If levels from the 20 last serving AP beacons are not available, the STA shall average the levels from any available serving AP beacons received in the last 40 beacon intervals.

Table k6 – Reporting Condition definitions for Beacon Request element
Condition Description for Single Measurement
Condition Description for Periodic Measurement
Reporting Condition

Report to be issued after each measurement.
0

The RCPI level of the measured STA is above an absolute threshold.
The RCPI level of the measured STA crosses above an absolute threshold with hysteresis.
1

The RCPI level of the measured STA is below an absolute threshold.
The RCPI level of the measured STA crosses below an absolute threshold with hysteresis.
2

The RSSI level of the measured STA is above an absolute threshold.
The RSSI level of the measured STA crosses above an absolute threshold with hysteresis.
3

The RSSI level of the measured STA is below an absolute threshold.
The RSSI level of the measured STA crosses below an absolute threshold with hysteresis.
4

The RCPI level of the measured STA is above a threshold defined by an offset from the serving AP’s RCPI.
The RCPI level of the measured STA crosses above a threshold defined by an offset (with hysteresis) from the serving  AP's RCPI.
5

The RCPI level of the measured STA is below a threshold defined by an offset from the serving AP’s RCPI.
The RCPI level of the measured STA crosses below a threshold defined by an offset (with hysteresis) from the serving AP’s RCPI.
6

The RSSI level of the measured STA is above a threshold defined by an offset from the serving AP’s RSSI.
The RSSI level of the measured STA crosses above a threshold defined by an offset (with hysteresis) from the serving AP’s RSSI.
7

The RSSI level of the measured STA is below a threshold defined by an offset from the serving AP's RSSI.
The RSSI level of the measured STA crosses below a threshold defined by an offset (with hysteresis) from the serving AP’s RSSI.
8

The RCPI level of the measured STA is within a range bound by the serving AP’s RCPI and an offset from the serving AP’s RCPI.
The RCPI level of the measured STA enters and remains in a range bound by the serving AP’s RCPI and an offset (with hysteresis) from the serving AP’s RCPI.
9

The RSSI level of the measured STA is within a range bound by the serving AP’s RSSI and an offset from the serving AP’s RSSI.
The RSSI level of the measured STA enters and remains in a range bound by the serving AP’s RSSI and an offset (with hysteresis) from the serving AP’s RSSI.
10

Reserved
11-255

Figure k9 – Hysterisis for Reporting Condition[image: image2.wmf]time
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Threshold/Offset provides either the threshold value or the offset value to be used for conditional reporting. A threshold value is an unsigned 8 bit integer having the same units as RSSI or RCPI. An offset value is a signed 7 bit integer in the range [-127, +127] in the same units as RSSI or RCPI.

Hysteresis provides an unsigned 8 bit integer hysteresis value having the same units as used in the Threshold/Offset field. Hysteresis for reporting conditions is shown in Figure k9.

7.3.2.21.7 Frame Request

The Measurement Request field corresponding to a Frame Request is shown Figure k10.








Channel Number
Channel Band
Randomization Interval
Measurement Duration

Octets:
1
1
2
2

Figure k10 – Measurement Request field format for a Frame Request

Channel Number indicates the channel number for which the measurement request applies. Channel Number is defined within a Channel Band as shown in Table k1.

Channel Band indicates the frequency band for which the measurement request applies. Valid values of Channel Band are shown in Table k1.

Randomization Interval shall be set equal to the desired maximum random delay in the start time, expressed in TUs.

The Measurement Duration field shall be set to the preferred duration of the requested measurement, expressed in TUs. If the Duration Mandatory bit is set to 1 in the Measurement Request Mode field this shall be interpreted as a mandatory measurement duration. If the Duration Mandatory bit is set to 0 this shall be interpreted as a target measurement duration. See 11.7.4.

7.3.2.21.8 Hidden Station Request

The Measurement Request field corresponding to a Hidden Station Request is shown Figure k12.








Channel Number
Channel Band
Randomization Interval
Measurement Duration

Octets:
1
1
2
2

Figure k12 – Measurement Request field format for a Hidden Station Request
Channel Number indicates the channel number for which the measurement request applies. Channel Number is defined within a Channel Band as shown in Table k1.

Channel Band indicates the frequency band for which the measurement request applies. Valid values of Channel Band are shown in Table k1.

Randomization Interval shall be set equal to the desired maximum random delay in the start time, expressed in TUs.

The Measurement Duration field shall be set to the preferred duration of the requested measurement, expressed in TUs. If the Duration Mandatory bit is set to 1 in the Measurement Request Mode field this shall be interpreted as a mandatory measurement duration. If the Duration Mandatory bit is set to 0 this shall be interpreted as a target measurement duration. See 11.7.4.

7.3.2.21.9 Medium Sensing Time Histogram Request

The Measurement Request field corresponding to a Medium Sensing Time Histogram Request is shown in Figure k14.













Channel Number
Channel Band
Randomization Interval
Measurement Duration
Medium Sensing Measurement Subtype
RPI Threshold
Bin Offset
Bin Duration
Number of Bins

Octets:
1
1
2
2
1
1
1
1
1

Figure k14 – Measurement Request field format for a Medium Sensing Time Histogram Request
Channel Number indicates the channel number for which the measurement request applies. Channel Number is defined within a Channel Band as shown in Table k1.

Channel Band indicates the frequency band for which the measurement request applies. Valid values of Channel Band are shown in Table k1.

Randomization Interval shall be set to the desired maximum random delay in the start time, expressed in TUs.

The Measurement Duration shall be set to the preferred duration of the requested measurement, expressed in TUs. If the Duration Mandatory bit is set to 1 in the Measurement Request Mode field this shall be interpreted as a mandatory measurement duration. If the Duration Mandatory bit is set to 0 this shall be interpreted as a target measurement duration. See 11.7.4.

The Medium Sensing Measurement subtype indicates the subtype of the Medium Sensing Time Histogram measurement. The available subtypes of Medium Sensing Measurement are defined in Table k8.

Table k8 – Medium Sensing Measurement Subtype definition

Medium Sensing Measurement Subtype
Medium Sensing Measurement Name

0
RPI Time Histogram

1
CCA Idle Time Histogram

2
CCA Busy Time Histogram

3
NAV Busy Time Histogram

4-255
Reserved

The RPI Threshold identifies a received power level threshold according to Table k10. The RPI Threshold is used to determine when a Medium Sensing Interval begins and ends, while collecting information for the RPI Time Histogram.

The Bin Offset indicates the position of the first bin, expressed in microseconds.

The Bin Duration indicates the time interval during which Medium Sensing Events are counted to be in this bin, expressed in slot times. Medium Sensing Events are defined in Error! Reference source not found..

The Number of Bins indicates the total number of time intervals that are covered by the time histogram.

Table k10 – RPI Threshold Definitions for an RPI Time Histogram

RPI Threshold
RCPI Measured Power (dBm)

0
-87

1
-82

2
-77

3
-72

4
-67

5
-62

6
-57

7-254
Reserved

255
RPI Threshold does not apply when Medium Sensing Measurement Subtype is not equal to 0.

7.3.2.21.10 STA Statistics Request

The Measurement Request field corresponding to a STA Statistics Request is shown in Figure k16.







Randomization Interval
Measurement Duration
Group Identity

Octets:
2
2
1

Figure k16 – Measurement Request field format for a STA Statistics Request
Randomization Interval shall be set to the desired maximum random delay in the measurement start time, expressed in TUs. The use of Randomization Interval is described in 11.7.3.

The Measurement Duration field shall be set to the duration of the requested measurement in TUs. The Measurement, if accepted, shall be performed over the requested duration without regard to the Duration Mandatory bit in the Measurement Request Mode field. If a measurement over the requested duration is not possible, the request shall be refused. A Measurement Duration of 0 shall be used to request instantaneous values of the requested STA counters.

Group Identity indicates the requested statistics group according to Table k12. 

Table k12 – Group Identity for a STA Statistics Request

Statistics Name
Group Identity

STA Counters from dot11CountersTable
0

Reserved
1 – 255

7.3.2.21.11 Measurement Pause Request

The Measurement Request field corresponding to a Measurement Pause Request is shown in Figure kx.




Pause Time

Octets:
2

Figure kx – Measurement Pause Request field format 
The Pause Time subfield consists of a 15 bit unsigned integer number representing the time period during which measurements are suspended or paused.  Measurement Pause Requests are used to provide time delays between the execution times of measurement request elements in a Measurement Request Frame. The Pause Time field consists of a Time Unit subfield and a Pause Time subfield as shown in Figure kx0.  The Time Unit subfield is defined in Table kx1 and represents the time units for the integer in the Pause Time subfield.





Time Unit
Pause Time

Bit:
0
1-15

Figure kx0 – Pause Time field

Table kx1 – Time Unit Definitions
Time Unit
Time Unit value

TU
0

1000 TUs
1




7.4 Measurement Actions

7.4.1 Spectrum Management Action Details

Change the first paragraph as follows: 

Five Action frame formats are defined for Spectrum Management purposes. An Action field, in the octet field immediately after the Category field, differentiates the five formats. The Action field values associated with each frame format are defined in Table 5. Action frame formats corresponding to action field values 2 and 3 can be used for Radio Measurement purposes.
Change the final paragraph of 7.4.1.1 to correct the reference error as follows:

The Measurement Request Elements field shall contain one or more of the Measurement Request elements described in 7.3.2.1921. The number and length of the Measurement Request elements in a Measurement Request frame is limited by the maximum allowed MAC management PDU (MMPDU) size.

Change the final paragraph of 7.4.1.2 to correct the reference error as follows:

The Measurement Report Elements field shall contain one or more of the Measurement Report elements described in 7.3.2.2022. The number and length of the Measurement Report elements in a Measurement Report frame is limited by the maximum allowed MAC management PDU (MMPDU) size.
Add the following new subsections after the end of subsection 7.4.1:

7.4.2 Radio Measurement Action Details

Several Action frame formats are defined for Radio Measurement purposes. An Action field, in the octet field immediately after the Category field, differentiates the formats. The Action field values associated with each frame format are defined in Table k14.

Table k14 — Radio Measurement Action field values 

Action field value 
Description

0
Measurement Request

1
Measurement Report

2
TPC Request

3
TPC Report

4
Neighbor Report Request

5
Neighbor Report Response

7-255
Reserved

7.4.2.1 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 frame shall be as defined in Figure kx below.










Category

Action
Dialog Token
Number of Repetitions
Frame Restart Delay
Measurement Request Elements

Octets:
1
1
1 
2
2
variable

Figure kx – Measurement Request frame body format

The Category field shall be set to indicate the Radio Measurement category according to Table 19a.

The Action field shall be set to indicate a Measurement Request according to Table k14.

The Dialog Token and Measurement Request Elements fields shall be as defined in clause 7.4.1.1.
The Number of Repetions field contains the requested number of repetitions for the periodic measurement request elements in this frame.  A value of zero in the Number of Repetitions field indicates measurement request elements are executed once without repetition.
The Frame Restart Delay field contains the requested time delay between repetitions of the set of periodic Measurement Request Elements in this frame. As shown in Figure kx2 REF _Ref77654332 \h 
 \* MERGEFORMAT , the Measurement Period is divided into two subfields: Time Unit and Restart Dleay. The Time Unit subfield defines the time unit for the Restart Delay subfield as shown in  REF _Ref77654729 \h 
 \* MERGEFORMAT . The  subfield consists of a 15 bit unsigned integer number representing the repeating time delay from the completion of the last periodic measurement request element in this frame until the frame is restarted with a repetition of the first periodic measurement request element in this frame.. Start times for repeated measurement request frames are described in more detail in 11.7.7.






Time Unit
Restart Delay

Bit:
0
1-15

Figure kx2 – Frame Restart Delay field
Table k16 – Time Unit Definitions
Time Unit
Time Unit value

TU
0

1000 TUs
1




11.7 Radio Measurement Procedures 

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

11.7.1 Dedicated versus concurrent measurements

Measurements on non-serving channels are dedicated measurements, requiring the measuring STA to interrupt its normal operation on the serving channel, switch channels and make measurements.

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

11.7.2 Station responsibility for measuring non-serving channel

All stations are responsible for maintaining data services and an association or membership with the BSS or IBSS respectively, on the serving channel while performing measurements on non-serving channels.

A STA shall determine the time between successive non-serving channel measurements by applying a rule that requires it to return to the serving channel for a particular length of time between non-serving channel measurements. This time may be a fixed length, or it may be determined by the STA using application-specific, or other knowledge.

11.7.3 Measurement start time

A Measurement Request frame may contain a single Measurement Request element or a sequence of Measurement Request elements.  A STA that accepts a measurement request sequence specified within a measurement request frame shall process the first measurement in the sequence as soon as practical after receiving the request

The Radio Measurement category permits a randomization interval to be specified for measurement start times. This avoids the traffic storms that could arise with synchronized broadcast and multicast measurements. Prior to making each measurement in the requested sequence, the STA shall calculate a random delay distributed uniformly in the range 0 to the randomization interval specified in the measurement request. The STA shall wait for this delay prior to making the measurement. It is important that designers recognize the need for statistical independence among the pseudo random number streams among STAs.
.The Measurement Request frame may specify the number of repetitions for the Measurement Request frame. In this case, the measurements in the frame may be repeated as detailed further in section 11.7.7.  Each time a measurement is repeated, the STA shall recalculate the random delay as described above.
11.7.4 Measurement Duration

If the Duration Mandatory bit is set to 1 in the Measurement Request mode field of a measurement request, the requested STA, if it accepts the request, shall perform the measurement over the Measurement Duration specified in the request. If the STA is unable to commit to making the measurement over the requested duration it shall refuse the request by sending a measurement report with the refused bit set in the Measurement Report Mode field. The measurement duration in the measurement report shall be equal to the requested measurement duration.

If the Duration Mandatory bit is set to 0 in the Measurement Request mode field of a measurement request, the actual measurement duration shall be at the discretion of the measuring STA, but shall not exceed the Measurement Duration specified in the request. The duration over which the measurement was made shall be included in the measurement duration field of the measurement report.

All measurements shall be performed over one continuous time period.

11.7.5 Station responsibility for conducting measurements

A Radio Measurement enabled STA is responsible for decoding and interpreting each Measurement Request 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, measurement scheduling conflicts, or other significant factors.

In assessing the performance impact of each measurement request element, a STA may use application-specific knowledge or other knowledge to limit the time it spends away from the serving channel. In doing so, the STA may reject any measurement request element whose duration exceeds the maximum allowed off-serving channel time. 

Radio Measurement requests and reports are specific transactions localized in a BSS.  A STA shall cancel all in-process Radio Measurements and shall delete all pending, unprocessed Radio Measurement requests upon association or reassociation with a BSSID different from its most recent association.

11.7.6 Requesting and reporting of measurements

A STA may measure one or more channels itself or a STA may request other STAs in the same infrastructure BSS or independent BSS 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 k17.

Table k17 – Allowed measurement requests

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

Infrastructure BSS
AP
STA
Unicast, multicast, broadcast


STA
AP
Unicast only


STA
STA
None

Independent BSS
STA
STA
Unicast, multicast, broadcast

The source and destination of a measurement request shall both be a member of the same BSS or a member of the same IBSS.

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.

The Measurement Request elements are processed in sequence, with certain Measurement Request elements processed in parallel according to the parallel bit field setting.  If measurement resources are available, the STA processes each element by setting up and making the specified measurement.  Additionally, if the measurement request element is periodic, the STA schedules the series of periodic measurements before beginning the first measurement in the series.

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

A STA may issue another measurement request while a previous measurement request is pending and has not yet completed. 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 issues a measurement request to 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 issues a measurement request to 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. All stations are responsible for maintaining data services and an association or membership with the BSS or IBSS respectively, on the serving channel while performing measurements on non-serving channels. 

The result of each measurement requested in a Measurement Request element shall be reported in a Measurement Report element of type corresponding to the request. The result of each measurement shall be returned without undue delay to the requesting STA.

When more than one Measurement Request element is present in a Measurement Request frame, the STA may return the corresponding Measurement Report elements in one or more Measurement Report frames. 

Each Measurement Report frame shall contain the same Dialog Token field value as the corresponding Measurement Request frame. Each Measurement Report element shall contain the same Measurement Token field value as the corresponding Measurement Request element.

When a STA is permanently unable to make a requested measurement, e.g. because the requested measurement type in not supported, the STA shall respond to such a unicast Measurement Request with an indication that it is incapable of completing the measurement request. A STA shall not respond to broadcast and multicast requests in this manner.

A STA may refuse to make any requested measurement and shall respond to such a unicast Measurement Request with an indication that the it is refusing the measurement request. A STA shall not respond to broadcast and multicast requests in this manner.

If enabled, a STA may autonomously report measurements to another STA in its infrastructure BSS or independent BSS using a Measurement Report frame with a Dialog Token field set equal to 0 containing one or more Measurement Report elements.

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 reports are enabled by default.

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 requesting STA may issue periodic concurrent measurement requests to achieve near-continuous reporting.

11.7.7 Repeated Measurement Request Frames 
Measrurement Request frames contain a field specifying the number of repetitions for the Measurement Request frame and a field specifying the frame restart delay.  If the Measurement Request frame is specified with a non-zero value for the number of repetitions, the STA shall use this procedure.  When a STA first completes the processing all the Measurement Request elements in the  Measurement Request frame, the STA shall pause measurement processing for the time period indicated in the frame restart delay field.  After the frame restart delay period, the STA shall again begin processing (repeat) the Measurement Request frame.  When repeating a Measurement Request frame, the STA shall only process those Measurement Request elements which have the periodic bit set to 1.  After completing the processing of all the periodic Measurement Request elements in the Measurement Request frame, the STA shall decrement the number of repetitions and repeat this procedure until the remaining number of repetitions is zero.





11.7.8 Specific measurement usage

11.7.8.1 Beacon Report

If a STA accepts a Beacon Request it may 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 BSS beacon.

When more than one Beacon, or Probe Request from a BSS is received in the measurement duration, the contents of the Beacon Report shall be based on the latest received.

If the Measurement Mode in the measurement request is Passive, the measuring STA shall perform the following procedure on the requested channel:

a) Set a measurement duration timer.

b) At the end of the measurement duration, process all received Beacon, or Probe Response management frames with the requested BSSID to compile the measurement report.

If the Measurement Mode in the measurement request is Active, the measuring STA shall perform the following procedure on the requested channel:

a) If the channel is not the serving channel, wait for dot11RadioMeasurementProbeDelay, or until a PHY-RXSTART.indication has been received.

b) Using the basic access protocol in 9.2.5.1, send a Probe Request management frame to the broadcast destination address (DA). The BSSID field in the Probe Request shall be set to the BSSID field in the measurement request, the SSID element shall be set to indicate the broadcast SSID.

c) Set a measurement duration timer.

d) At the end of the measurement duration, process all received Probe Response and Beacon management frames with the requested BSSID to compile the measurement report.

e) If the measurement channel is not the serving channel, clear NAV and return to the serving channel.

If the BSSID field in the Measurement Request contains a broadcast BSSID, all observed BSSs shall be reported. In Active mode, this shall be regardless of whether a received Probe Reponse frame was triggered by the measuring STAs Probe Request.

On accepting a Beacon measurement request with Channel Number set to 0 a STA shall iteratively conduct measurements on all channels in the specified Channel Band that are valid for the current regulatory domain. Measurements shall be made within the specified Measurement Interval with the time between each consecutive measurement as defined in 11.7.2. Measurements shall cease either when all channels have been measured, or the measurement interval has expired. The Channel Number for the first measurement shall be randomly selected.

On accepting a Beacon measurement request with Channel Number set to 255 (FF Hex) a STA shall iteratively conduct measurements on all channels listed in the AP Channel Report for the specified Channel Band. Measurements shall be made within the specified Measurement Interval with the time between each consecutive measurement as defined in 11.7.2. Measurements shall cease either when all channels have been measured, or the measurement interval has expired. The Channel Number for the first measurement shall be randomly selected. If an AP Channel Report is not available in the STA, the STA shall iteratively conduct measurements on all channels in the specified Channel Band that are valid for the current regulatory domain.

If the Measurement Mode in the measurement request is Beacon Table, the measuring STA shall return a Beacon Report containing the current contents of any stored beacon information for any channel without performing additional measurements.  The receiving STA shall ignore specified channel in the Beacon Request when Beacon Table mode is selected.  The beacon information accumulated may be the result of any operation that caused the STA to save these results.  If the STA has no saved beacon information then the STA may either refuse the request or send an empty Beacon Report.

11.7.8.2 Frame Report

If a station accepts a Frame Request it 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, RCPI, BSSID and Transmit Address. Each quadruplet summarizes the traffic from one transmit address. The reported RCPI shall be the average of the RCPI values of the individual frames received. 

11.7.8.3 Channel Load Report

If a station accepts a Channel Load Request it shall respond with a Radio Measurement Report frame containing one Measurement (Channel Load) Report element. 

11.7.8.4 Noise Histogram Report

If a station accepts a Noise Histogram Request it shall respond with a Radio Measurement Report frame containing one Measurement (Noise Histogram) Report element. The Noise 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 idle.

11.7.8.5 Hidden Station Report 

If a station accepts a Hidden Station Request it shall respond with a Radio Measurement Report frame containing one or more Measurement (Hidden Station) Report elements. Each element contains one or more Hidden Station Report doublet, each consisting of the Number of Frames and the MAC address of the hidden station.

A measuring STA detects a potential hidden station if it receives a frame for which an acknowledgement is required and it does not receive the acknowledgement. To minimize false alarms, the measuring STA shall issue a Hidden Station report only when the detected frame is an initial transmission. It shall not issue a Hidden Station report when the frame is a retransmission. 

11.7.8.6 Medium Sensing Time Histogram Report

If a station accepts a Medium Sensing Time Histogram Request it shall respond with a Medium Sensing Time Histogram Report containing the histogram(s) according to the requested Medium Sensing Measurement Subtype(s). For the purpose of assessing the confidence of the reported data, the total number of counted Medium Sensing Events shall also be provided.

The Medium Sensing Time Histogram Report provides information describing many characteristics of the current radio activities present in the measured channel. The Medium Sensing Time Histogram Report provides the statistical distribution of the medium busy and idle duration. Knowing, for example, the characteristics of an interference source may be crucial to support quality of service.

First, the Medium Sensing Time Histogram can be used to collect information about neighbor 802.11 STAs without the requirement of successfully decoding frames from the STAs. This is helpful in the case of partially overlapping BSSs. For example, the CCA idle histogram may provide information on whether contention free access is used on the channel by neighbor BSSs, and how often it is used. Further, traffic load priorities may also be estimated.

Moreover, the Medium Sensing Time Histogram can be used to collect information about non-802.11 systems present in the measured channel. The RPI Time Histogram, for example, may be used to detect the presence of microwave ovens, which exhibit a distinctive busy and idle cycle. Additionally, many non-802.11 radio activities such as a periodic radio channel access by cordless phones can be detected, and the presence of other radio devices that may interfere the operation on the measured channel, can be reported. The information, for example, may be used by 802.11 systems to choose the optimal frame length when operating in the measured channel.

11.7.8.7 STA Statistics Report 

A STA receiving a STA Statistics Request shall respond with a Radio Measurement Report frame containing one or more Measurement (STA Statistics) Report elements. Each element contains a group of STA Statistics.
11.7.8.8 Measurement Pause

If a STA accepts a Measurement Pause Request it shall delay processing of the next measurement request. This delay shall be no less than the Pause delay specified in the Maeasurement Pause Request.   There is no measurement report associated with a Measurement Pause Request. 
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