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Abstract

This document contains normative text changes to TGk draft to incorporate the remaining "accepted" and "counter" comment resolutions assigned to Kwak, as described in 06/0120r2.   These changes were included in 06/0118r2 (&r3) which was uploaded for vote at the January Waikoloa meeting, but was not voted on due to an upload error which made the uploaded document unreadable.  Changes are shown with respect to TGk draft D3.0.

Draft Amendment to STANDARD FOR
Telecommunications and Information Exchange Between Systems -
LAN/MAN Specific Requirements - 

Part 11: Wireless Medium Access Control (MAC) and physical layer (PHY) specifications:

Amendment 7: Radio Resource Measurement

[This amendment is based on IEEE Std 802.11™, 1999 Edition (Reaff 2003), as amended by IEEE Std 802.11a™-1999 (Reaff 2003), 802.11b™-1999 (Reaff 2003), 802.11b™-1999/Cor 1-2001 (Reaff 2003), 802.11d™-2001 (Reaff 2003), 802.11e™-2005, IEEE Std 802.11g™-2003, IEEE Std 802.11h™-2003, IEEE Std 802.11i™-2004 and IEEE Std 802.11j™-2004.]

NOTE—The editing instructions contained in this amendment define how to merge the material contained herein into the existing base standard to form the new comprehensive standard.

The editing instructions are shown in bold italic. Three editing instructions are used: change, delete, and insert. Change is used to make small corrections in existing text or tables. The editing instruction specifies the location of the change and describes what is being changed either by using strikethrough (to remove old material) or underscore (to add new material). Delete removes existing material. Insert adds new material with-out disturbing the existing material. Insertions may require renumbering. If so, renumbering instructions are given in the editing instruction. Editorial notes will not be carried over into future editions. 

2 Normative references

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

IETF RFC 3825, Dynamic Host Configuration Protocol Option for Coordinate-based Location Configuration Information, Polk, J., Schnizlein, J., Linsner, M., July 2004

3. Definitions

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

3.95 neighbor AP: Any validated AP that is a potential transition candidate.

3.96 non-serving channel: A channel that is not the operating channel of the BSS of which the STA is a member.

3.97 received channel power indicator (RCPI): An indication of the total channel power (signal, noise, and interference) of a received 802.11 frame as measured at the currently-in-use receiving antenna connector.

3.98 received signal to noise indicator (RSNI): An indication of the signal to noise plus interference ratio of a received 802.11 frame. RSNI is defined by the ratio of the received signal power (RCPI-ANPI) over the noise plus interference power (ANPI) as measured at the currently-in-use receiving antenna connector for a received 802.11 frame.

3.99 average noise power indicator (ANPI):  An indication of the average noise plus interference power measured on a channel when NAV is equal to 0 (when virtual CS mechanism indicates idle channel)except during frame transmission or reception.

3.100 serving channel: The operating channel of the BSS of which the STA is a member.

3.101 location configuration information (LCI): As defined in IETF RFC 3825, includes latitude, longitude, and altitude, with resolution indicators for each.

3.102 idle power indicator (IPI): An indication of the total channel power (noise and interference) as measured in the  channel at the receiving antenna connector while the STA is neither transmitting nor receiving a frame.

3.103 ap reachablility: An AP is reachable by a STA if an 802.1X pre-authentication frame sent by the STA to the AP BSSID can be received by the AP.

3.104 validated neighbor: an AP that has either been explictedly configured as a Neighbor in the MIB, or learned through a mechanism like the Beacon Report and confirmed through trusted mechanisms such as a secure Inter-Access Point Protocol (IAPP).

3.105 serving AP: The AP which transmits beacons on the serving channel.


3.106 antenna connector: the logical measurement point of reference for RF measurements in a STA.  The antenna connector is the point in the STA architecture representing the output/input of the antenna subsystem and the input/output of the receiver/transmitter subsystem.  The receive power level at the antenna connector is amplified by the gain of the antenna with respect to a 0db omnidirectional reference antenna. In systems using multiple antennas or antenna arrays,  the antenna connector is a virtual point representing the aggregate output of the multiple antennas. In systems using antenna arrays with active array processing, the antenna connector is the output of the active array which includes any processing gain of the active antenna subsystem. 
7.3.2.22.5 Noise Histogram Report [NOTE TO EDITOR: new changes in 11.11.9.1 are highlighted in yellow.]

The format of the Measurement Report field of a Noise Histogram Report is shown in Figure k2.












Regulatory Class
Channel Number
Actual Measurement Start Time
Measurement Duration
Antenna ID
ANPI

Octets:

1
1
8
2
1
1













IPI 0 Density
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Figure k2—Measurement Report field format for a Noise Histogram Report

Regulatory Class indicates the channel set for which the measurement request applies. Regulatory Class and Channel Number together specify the channel frequency and spacing for which the measurement request applies.   Valid values of Regulatory Class are shown in Error! Reference source not found..

Channel Number indicates the channel number for which the measurement report applies. Channel Number is defined within a Regulatory Class as shown in Error! Reference source not found..

Actual Measurement Start Time shall be set to the value of the measuring STA's TSF timer at the time the measurement started.

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

Antenna ID shall be set to the identifying number for the antenna(s) used for this measurement. Antenna ID is defined in 7.3.2.30.

ANPI shall be set to the average noise plus interference power value measured during the indicated Measurement Duration while the indicated channel is idle as described in 11.11.9.4.

The Noise Histogram Report shall contain the IPI densities, as defined in 11.11.9.4, observed in the channel for the nine IPI levels defined in Table k1.
Table k1—IPI Definitions for a Noise Histogram Report

IPI Level
IPI Measured Power (dBm)

0
IPI  -92

1
-92 < IPI -87

2
-87  IPI -82

3
-82  IPI -77

4
-77 IPI -72

5
-72 IPI -67

6
-67 IPI -62

7
-62 IPI -57

8
-57 IPI

11 MLME

Insert the following new clauses after clause 11.10:

11.11 Radio Measurement Procedures 

11.11.9 Specific measurement usage

11.11.9.1 Beacon Report  [NOTE TO EDITOR: new changes in 11.11.9.1 are highlighted in yellow.]
If a STA accepts a Beacon Request it shall respond with a Radio Measurement Report frame containing Beacon Measurement Reports for all observed BSSs matching the BSSID and SSID in the Beacon Measurement Request. The RCPI in the Beacon Report indicates the power level of the received Beacon, Measurement Pilot or Probe Response frame. RCPI in a Beacon Report element may be used with other Beacon Report elements to determine the most suitable AP target for BSS transitions. For repeated measurements (when the Measurement Request frame contains a non-zero value for the Number of Repetitions field), the transmission of the Beacon Report element may be conditional on the measured RCPI or RSNI value. When the Measurement Request frame contains a 0 value for the Number of Repetitions field, the Reporting Condition field in all Beacon Requests in that frame shall be set to 0.  Error! Reference source not found. lists the reporting conditions that are based on the measured RCPI or RSNI levels.


If the Measurement Mode in the measurement request is Passive or Passive Pilot, the measuring STA shall perform the following procedure (or equivalent 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 SSID and BSSID to compile the measurement report. If no Beacons or Probe Responses with the requested SSID and BSSID were received in the measurement duration, and if the requested Measurement Mode was Passive Pilot, process all Measurement Pilot Frames with the requested BSSID to compile the measurement report. Otherwise, compile an empty Beacon measurement report.
If the Measurement Mode in the measurement request is Active, the measuring STA shall perform the following procedure (or equivalent procedure) on the requested channel:

a) If the channel is not the serving channel, wait for dot11RadioProbeDelay , 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 in the Probe Request shall be set to the SSID element in the measurement request.

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 SSID and BSSID to compile the measurement report. Otherwise, compile an empty Beacon measurement report.
If the Measurement Mode is STA Selected, the selection of measurement mode shall be made by the measuring STA. STA selected measurement mode may be requested when a STA requests a Beacon measurement and will accept measurement reports in Passive, Passive Pilot or Active modes. If the measuring STA supports Passive Pilot mode and the measurement request contained the wildcard SSID, the measuring STA shall select between Passive, Passive Pilot, or Active mode. Otherwise the selection shall be between Passive and Active mode. The choice of mode is outside the scope of this amendment.

When more than one Beacon, or Probe Response from a BSS is received in the measurement duration, the contents of the Beacon Report shall be based on the latest received. If only Measurement Pilot frames were received in the measurement duration and the Measurement Mode was Passive Pilot, the contents of the Beacon Report shall be based on the latest Measurement Pilot frame received.

If the BSSID field in the Measurement Request contains a broadcast BSSID, all observed BSSs with the requested SSID shall be reported. If the SSID element in the Measurement Request contains the wildcard SSID, all observed BSSs shall be reported. In Active mode, Probe Response frames shall be evaluated regardless of whether the Probe Response frame was triggered by the measuring STA's Probe Request.
On accepting a Beacon measurement request with Channel Number set to 0 a STA shall conduct iterative measurements on all supported channels in the specified Regulatory Class where the measurement is permitted on the channel and the channel is valid for the current regulatory domain. For these iterative beacon measurements, the measurement duration applies to the measurement on each channel. Measurements shall be made using the specified Measurement Duration with the time between each consecutive measurement as defined in 11.11.2. Iterative measurements shall cease when all supported channels have been measured. Note that while the STA is processing a Beacon measurement request for interative channel measurements, the STA may not begin processing the next measurement request in the measurement request frame.
On accepting a Beacon measurement request with Channel Number set to 255 a STA shall conduct iterative measurements on all supported channels listed in the AP Channel Report where the measurement is permitted on the channel and the channel is valid for the current regulatory domain. For iterative beacon measurements, the measurement duration applies to the measurement on each channel. Measurements shall be made using the specified Measurement Duration with the time between each consecutive measurement as defined in 11.11.2. Iterative measurements shall cease when all supported channels have been measured. A Beacon measurement request with Channel Number set to 255 shall only specify a specific BSSID (broadcast BSSID not allowed). If an AP Channel Report for the specific BSSID is not available in the STA, the STA shall iteratively conduct measurements on all supported channels in the specified Regulatory Class that are valid for the current regulatory domain. Note that while the STA is processing a Beacon measurement request for interative channel measurements, the STA may not begin processing the next measurement request in the measurement request frame.
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 supported channel with the requested SSID and BSSID without performing additional measurements. The receiving STA shall ignore the channel and measurement duration specified 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 acquire these results. If the STA has no beacon information available then the STA may either refuse the request or send an empty Beacon Report.
For repeated measurements, the Beacon Request element may specify a reporting condition that determines when the measuring STA is to send a Beacon Report element for a measured Beacon, Measurement Pilot or Probe Response frame with the requested BSSID. When the requested Reporting Condition value is non-zero, the STA shall create and transmit a Beacon Report element for that measured frame only if the condition indicated in Error! Reference source not found. is true. Otherwise, a Beacon Report element is not created for that measured frame. If multiple Beacons, Measurement Pilots or Probe Response frames with the requested BSSID are received during the measurement duration, the reporting condition shall only be applied to the latest received Beacon, Measurement Pilot or Probe Response. For reporting conditions 5-10, the serving AP's reference RCPI level and the serving AP's reference RSNI level referred to in Error! Reference source not found. are  average values of the RCPI or RSNI of the 10 most recent Beacon frames received from the measuring STA's serving AP. The serving AP's reference RCPI level and the serving AP's reference RSNI level are so averaged to provide a more accurate and stable indication of the signal level from the serving AP. For reporting conditions 5-10, the STA shall use the serving AP's reference RCPI level or reference RSNI level (with offset, if any) to test the measured RCPI or RSNI to determine whether to create and send a Beacon Report element for this measured Beacon, Measurement Pilot or Probe Response frame. Figure k3 diagrams the beacon RCPI measurements for reporting conditions 5 and 6.
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Figure k3—Reporting Condition for RCPI Crossing Level with Offset

11.11.9.4 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 shall contain the IPI densities observed in the channel for the nine IPI levels defined in Table k1.

To compute the IPI densities, the STA shall measure the IPI in the specified channel as a function of time over the measurement duration when NAV is equal to 0 (when virtual CS mechanism indicates idle channel) except during frame transmission or reception. The time resolution of the IPI measurements shall be in microseconds. The IPI densities are then computed for each of the nine possible IPI values using Integer (256 * ([Duration receiving at IPI value (microseconds)] / (1024 * [Measurement Duration (TU)] – [NAVBUSY (microseconds)]))). NAVBUSY is the total time in microseconds that NAV is non-zero during the Measurement Duration. The sum of the IPI densities will be approximately 256. 

Average Noise Power Indicator (ANPI) value represents the average noise plus interference power on the measured channel at the antenna connector during the measurement duration. . The STA may use Noise Histogram IPI density values to calculate ANPI.  The IPI densities in the Noise Histogram Report may be used to calculate an average noise power for the channel during the measurement duration.  This calculated average IPI power value may be reported as the value for ANPI. Any equivalent method to measure ANPI may also be used.. ANPI power is defined in dBm using the same units and accuracy as defined for RCPI.
12 PHY service specification

12.3 Detailed PHY service specifications

12.3.4 Basic service and options

12.3.4.3 PHY-SAP service primitives parameters

Change row 4 and insert 2 new rows into Table 29 as shown:

Table 29—PHY-SAP service primitive parameters

Parameter
Associated primitive
Value

RXVECTOR
PHY-RXSTART.indication PHY-RXEND.indication
A set of parameters

IPI-STATE
PHY-CCARESET.request PHY-CCARESET.confirm
IPI-ON, IPI-OFF

IPI-REPORT
PHY-CCA.indication
PHY-CCARESET.confirm
A set of IPI values for the preceding time interval

12.3.5 PHY-SAP detailed service specification

12.3.5.8 PHY-CCARESET.request

Change the following clauses as shown:

12.3.5.8.1 Function

This primitive is a request by the MAC sublayer to the local PHY entity to reset the CCA state machine and to turn IPI reporting on and off by means of the IPI-STATE parameter.

12.3.5.8.2 Semantics of the service primitive

The semantics of the primitives are as follows:

PHY-CCARESET.request(IPI-STATE)
This primitive has no parameters.
The IPI-STATE parameter shall be present if dot11RadioMeasurementEnabled is true. The IPI-STATE parameter can be one of two values: IPI-ON or IPI-OFF. The parameter value is IPI-ON when the MAC sublayer is requesting the PHY entity to report IPI values when the PHY is neither receiving nor trans mitting an MPDU. IPI-ON turns on IPI reporting in the PHY entity. IPI-OFF turns off IPI reporting in the PHY entity.

12.3.5.8.3 When generated

This primitive is generated by the MAC sublayer for the local PHY entity at the end of a NAV timer. This request can be used by some PHY implementations that may synchronize antenna diversity with slot timings.

12.3.5.8.4 Effect of receipt

The effect of receipt of this primitive by the PHY entity is to reset the PLCP CS/CCA timers to the state appropriate for the end of a received frame. If IPI-STATE parameter is set to IPI-ON, the PHY entity collects IPI values when it is not transmitting or receiving and provides those values to the MAC sublayer using the IPI-REPORT parameter.

12.3.5.9 PHY-CCARESET.confirm

Change the following clauses as shown:

12.3.5.9.1 Function

This primitive is issued by the PHY to the local MAC entity to confirm that the PHY has reset the CCA state Machine and to provide observed IPI values when IPI reporting is turned on.

12.3.5.9.2 Semantics of the service primitive

The semantics of the primitives are as follows:

PHY-CCARESET.requestconfirm(IPI-STATE, IPI-REPORT)
This primitive has no parameters.
The IPI-STATE parameter shall be present if dot11RadioMeasurementEnabled is true. The IPI-STATE parameter can be one of two values: IPI-ON or IPI-OFF. The IPI-STATE value shall be set to the value of IPI-STATE received by the PHY entity in the most recent PHY-CCARESET.request.

The IPI-REPORT parameter shall be present if dot11RadioMeasurementEnabled is true and if IPI reporting was turned on prior to the receipt of the latest PHY-CCARESET.request. The IPI-REPORT parameter provides a set of IPI values for a time interval. The set of IPI values are recent values observed by the PHY entity since the generation of the most recent PHY-TXEND.confirm, PHY-RXEND.indication, PHY-CCARESET.confirm, or PHY_CCA.indication, whichever occurred latest.

12.3.5.10 PHY-CCA.indication

Change the following clauses as shown:

12.3.5.10.1 Function

This primitive is an indication by the PHY to the local MAC entity of the current state of the medium and to provide observed IPI values when IPI reporting is turned on.

12.3.5.10.2 Semantics of the service primitive

The primitive provides the following parameter:

PHY-CCA.indication (STATE, IPI-REPORT)

The STATE parameter can be one of two values: BUSY or IDLE. The parameter value is BUSY if the channel assessment by the PHY determines that the channel is not available. Otherwise, the value of the parameter is IDLE.

The IPI-REPORT parameter shall be present if dot11RadioMeasurementEnabled is true and if IPI reporting has been turned on by the IPI-STATE parameter. The IPI-REPORT parameter provides a set of IPI values for a time interval. The set of IPI values may be used by the MAC sublayer for Radio Measurement purposes. The set IPIof IPI values are recent values observed by the PHY entity since the generation of the most recent PHY-TXEND.confirm, PHY-RXEND.indication, PHY-CCARESET.confirm, or PHY_CCA.indication, whichever occurred latest.

12.3.5.11 PHY-RXSTART.indication

12.3.5.11.2 Semantics of the service primitive

Change the third paragraph as shown:

The RXVECTOR represents a list of parameters that the PHY provides the local MAC entity upon receipt of a valid PLCP Header or upon receipt of the last PSDU data bit in the received frame. This vector may contain both MAC and MAC management parameters. The required parameters are listed in 12.3.4.4.

12.3.5.12 PHY-RXEND.indication

12.3.5.12.2 Semantics of the service primitive

Change the first two paragraphs as shown:

The primitive provides the following parameters:

PHY-RXEND.indication (RXERROR, RXVECTOR)

Insert the following text after the third paragraph:

The RXVECTOR represents a list of parameters that the PHY provides the local MAC entity upon receipt of a valid PLCP Header or upon receipt of the last PSDU data bit in the received frame. RXVECTOR is an included parameter only when dot11RadioMeasurementEnabled is true. This vector may contain both MAC and MAC management parameters. The required parameters are listed in 12.3.4.4.
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