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Abstract

This document proposes text to address the specific comments listed below:

#21:  Added diagrams to clarify bit definitions for Beacon Request.

#22:  Clarified limit for delayed periodic measurements. Added periodic start time in procedures.

#24:  Used suggested wording.

#86: Added periodic start time diagram in procedures to clarify this

#87:  Clarified limit for delayed periodic measurements.

#88:  Added diagrams to clarify bit definitions for Beacon Request.

#89:  Clarified use of BSSID for periodic and single measurements.

#90:  Clarified measurement period and interval settings and defaults.

#91: .Clarified procedures to indicate that measurements cancel upon reassociation.

#93:  Clarified conditional reporting for periodic and single measurements.

#179: Corrected misspellings.

#180: Seems to have already been corrected in D0.12.

#277: Deleted "best effort" period, as suggested.

#278: Clarified procedures to indicate that measurements cancel upon reassociation.

#279: Clarified conditional reporting to use average values.

7.3.2.19.1 Beacon Request

The Measurement Request field corresponding to a Beacon Request is shown in Figure Error! No text of specified style in document.‑1. A response to a Beacon Request is one or more Beacon Reports.










Channel Number
Channel Band
Randomization Interval
Measurement Duration
Measurement Mode


Octets:
1
1
2
2
1











BSSID

Measurement Period
Measurement Interval
Reporting Condition
Threshold /Offset
Hysteresis

Octets:
6
2
2
1
1
1

Figure Error! No text of specified style in document.‑1 – Measurement Request field format for a Beacon Request

Channel Number indicates the channel on which the receiving STA shall carry out the requested measurement.

Channel Band indicates the frequency band, taken from Table 0-2 — Frequency band definitions for Radio Measurement

Channel Band
Band Name
Valid Channels

0
2.4GHz Band
See subclause 18.4.6.2

1
5 GHz Band
See subclause 17.3.8.3.3

2 – 255
Reserved
—



















, in which the receiving STA shall conduct its measurement.

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 equal to the duration of the requested measurement, expressed in TUs.

Measurement Mode shall be set to the type of measurement, according to Table Error! No text of specified style in document.‑1. The measurement behavior shall be as follows:

· In Active mode, the measuring STA shall transmit a probe request with the  BSID indicated in the Beacon Request. The measuring STA’s Beacon Report may contain (depending on reporting condition) 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 mode, the measuring STA shall passively receive on the specified channel and may return a Beacon Report containing one information element for the STA from which it detects a beacon or probe response with the BSSID indicated in the Beacon Request.  If the BSSID in the Beacon Request is the broadcast BSSID, the STA shall return one Beacon Report 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.

Table 0-2 — Frequency band definitions for Radio Measurement

Channel Band
Band Name
Valid Channels

0
2.4GHz Band
See subclause 18.4.6.2

1
5 GHz Band
See subclause 17.3.8.3.3

2 – 255
Reserved
—

Table Error! No text of specified style in document.‑1 – Measurement Mode definitions for Beacon Request element
Name
Measurement Mode

Passive Mode
0

Active Mode
1

Beacon Table Mode
2

Reserved
3-255

BSSID indicates the BSSID of the particular STA or STAs for which this measurement is requested.  The BSSID may be the BSSID of an individual STA or may be the broadcast BSSID.  The BSSID shall be set to the broadcast BSSID when the measurement is to be performed on any STA(s) on this channel.
The Measurement Period indicates whether this measurement is a single measurement event or is a periodic measurement which is scheduled and repeated each Measurement Period.  The Measurement Period is divided into two subfields: Time Unit and Period, as shown in Figure X-1.  The Time Unit subfield defines the time unit for the Period subfield as shown in Table X-1.

The Period subfield consists of a14 bit unsigned integer number representing the repeating time interval for this periodic measurement.  A Period subfield value of 0 shall indicate that the measurement is not periodic but is a single measurement.  A Period subfield value of 16383 (3FFF Hex) shall terminate any currently active periodic Beacon Request measurement for the indicated BSSID.  If scheduling conflicts prevent the STA from executing a periodic measurement at the requested measurement time, the STA may delay the periodic measurement, but shall execute the measurement as soon thereafter as possible.  A delayed periodic measurement shall not change the scheduled measurement time for any subsequent periodic measurements.  A periodic measurement may be delayed up to a maximum of one measurement period. Any periodic measurement which cannot be executed within the following measurement period shall be cancelled.





Time Unit
Period

Bit:
0-1
2-15

Figure X‑1 –Measurement Period field
Table X‑1 – Time Unit definitions
Measurement Time Unit
Time Unit value

TU
0

Millisecond (msec)
1

Second (sec)
2

Reserved
3

The Measurement Interval indicates the time interval during which this periodic measurement shall be implemented. Periodic measurements shall begin at the indicated start time. Periodic measurements shall continue for the Measurement interval time, then periodic measurements shall end.  The Measurement Interval is divided into two subfields: Time Unit and Interval, as shown in Figure X-2.  The Unit subfield defines the time unit for the Interval subfield as shown in Table X-1. 

The Interval subfield consists of a 14 bit unsigned integer number representing the time period during which  periodic measurements are requested.  An Interval subfield value of 0 shall terminate any currently active periodic Beacon Request measurement for the indicated BSSID. If the Measurement Period is set to 0 or 16383 (3FF Hex), the Measurement Interval shall be set to 0.  Otherwise, the Measurement Interval shall be set to a value greater than or equal to twice the Measurement Period. 





Time Unit
Interval

Bit:
0-1
2-15

Figure X‑2 –Measurement Interval field

The Reporting Condition defines when the measured results are to be reported to the requesting STA.  The Reporting Condition values are defined in Table 0-3.  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 levels referred to in Table 0-3 are average values.  The STA shall average the current measured level with the most recent 19 measured levels and shall use this average level to test for the reporting conditions listed.  If 19 recent measurements are not available, the STA shall average the current measurement with any available recent measurements.  
Table 0-3 – Reporting Condition definitions for Beacon Request element
Condition Description
Reporting Condition

Report to be issued  after each measurement.
0

Report to be issued when the RCPI level of the measured STA crosses above an absolute threshold with hysteresis.
1

Report to be issued when the RCPI level of the measured STA crosses below an absolute threshold with hysteresis.
2

Report to be issued when the RSSI level of the measured STA crosses above an absolute threshold with hysteresis.
3

Report to be issued when the RSSI level of the measured STA crosses below an absolute threshold with hysteresis.
4

Report to be issued when the RCPI level of the measured STA crosses above a threshold defined by an offset (with hysteresis) from the serving AP’s RCPI.
5

Report to be issued when the RCPI level of the measured STA crosses below a threshold defined by an offset (with hysteresis) from the serving AP’s RCPI.
6

Report to be issued when the RSSI level of the measured STA crosses above a threshold defined by an offset (with hysteresis) from the serving AP’s RSSI.
7

Report to be issued when the RSSI level of the measured STA crosses below a threshold defined by an offset (with hysteresis) from the serving AP’s RSSI.
8

Periodic reports (one per measurement) to begin when 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

Periodic reports (one per measurement) to begin when 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

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.

Insert the following new subsections (11.7 and 11.8) 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 may be executed by the STA as concurrent measurements, which do not require the STA to interrupt its normal data traffic operation. 

11.7.2 Station responsibility for measuring off-serving channel

All stations are responsible for (1) providing a power-save notification before switching channels to execute off-serving channel measurements or (2) remaining in active mode and relying on application-specific knowledge or other knowledge to determine that no incoming frames are expected. To facilitate broadcast and multicast measurements, the Radio Measurement category specifies a randomization interval to reduce the likelihood of packet collisions among measuring stations.

11.7.3 Measurement start time

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 random number streams among STAs.
11.7.x Periodic measurement start time

A measurement request for periodic measurement is processed to set up a series of measurements.  Once the series of measurements is setup, the periodic measurement process runs concurrently with other Radio Measurements, including other periodic measurements.  A STA may process only one periodic measurement per BSSID at any given time.  The STA shall determine if STA resources are available to process periodic measurement requests.  A STA may reject or ignore any periodic measurement request for lack of STA resources.  

The timing relationships for periodic measurements are diagrammed in Figure X-3, below.  The first measurement start time in the series may include a random delay, as described above for Measurement Start Time.  Subsequent measurements are scheduled at fixed, periodic intervals from the time of the first measurement.  The Measurement Interval defines the total time interval during which periodic measurements are scheduled.  Due to higher priority STA processing, the actual measurement start times for periodic measurements may be delayed.  A delayed periodic measurement does not change the scheduled start time for any subsequent measurement.  A measurement may be delayed up to an entire measurement period.  If a measurement is delayed and cannot be executed during the following measurement period, that measurement is cancelled (skipped).  Normally, periodic measurements are executed during the specified Measurement Interval, as shown in Figure X-3.  However, if the STA processes a new periodic measurement request with the same BSSID, the prior measurement process is terminated and the STA may process the new periodic measurement request.
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Figure X-3:  Timing of Periodic Measurements
11.7.4 Timing of subsequent measurements in a sequence

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

11.7.5 Station responsibility for conducting measurements

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, 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 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 12.

Table 12 – Allowed measurement requests

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


AP
STA
Unicast, multicast, broadcast

Infrastructure BSS
STA
AP
Unicast only


STA
STA
None

Independent BSS
STA
STA
Unicast, multicast, broadcast

The Measurement Request elements within a Measurement Request frame may specify 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 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. Rather, the measuring STA is responsible for issuing a power-save notification to suspend incoming traffic according to standard power-save procedures. 

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 shall 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 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 Specific measurement usage

11.7.7.1 Beacon Report

If a station 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. In this case, the element shall contain all of the Beacon Report fixed fields and may optionally eliminate the Received Elements. 

 SUBJECT  \* MERGEFORMAT 
page 8
Joe Kwak, InterDigital


_1140923614.unknown

