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Abstract

This document contains normative text changes to TGk to correct inconsistencies and make other suggested changes to RCPI clauses noted in the comments.  These comment responses are captured in doc 05/0441r0.

This contribution addresses 108 of 120 LB73 comments in the RCPI category:  #3, 12, 42, 65, 66, 67, 68, 69, 70, 94, 99, 100, 111, 112, 152, 165, 169, 170, 204, 266, 267, 268, 269, 273, 274, 279, 286, 294, 333, 340, 341, 368, 373, 463, 464, 477, 478, 480, 485, 487, 522, 587, 591, 610, 611, 612, 614, 649, 659, 674, 695, 739, 826, 827, 829, 862, 863, 865, 870, 871, 892, 893, 901, 919, 920, 972, 973, 974, 975, 976, 977, 982, 1105, 1106, 1117, 1130, 1158, 1209, 1210, 1256, 1270, 1313, 1326, 1331, 1362, 1363, 1412, 1415, 1440, 1444, 1454, 1472, 1488, 1509, 1510, 1519, 1523, 1524, 1525, 1540, 1541, 1542, 1543, 1544, 1545, 1587, 1598, 1600.

.

Modify clauses of TGk draftD2.0 as indicated below in red and blue highlights:

3. Definitions

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

3.51 neighbor AP: Any AP to which one or more STAs in the current BSS could successfully associate from its current location.

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

3.53 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.

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

3.55 location configuration information (LCI): As defined in IETF RFC 3825, includes latitude, longitude, and altitude, with resolution indicators for each. The reference datum for each is also included.

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

7.2.3.5 Association Response frame format

Insert new rows into table 8 as shown below:

Table 8—Association Response frame body

Order
Information
Notes

7
Requested Information Element
Neighbor Report information element requested in the Request information element of the Association Request frame.

8
RCPI
The RCPI information element shall be present if dot11RadioMeasurementEnabled is true. The RCPI value represents the measured RCPI of the corresponding Association Request frame.





7.2.3.7 Reassociation Response frame format

Add new rowto table 10 as follows:

Table 10—Reassociation Response frame body

Order
Information
Notes

5
RCPI
The RCPI information element shall be present if dot11RadioMeasurementEnabled is true. The RCPI value represents the measured RCPI of the corresponding Reassociation Request frame.

7.3.2.21.6 Beacon Request

The Measurement Request field corresponding to a Beacon Request is shown in Figure k1.









Channel Number
Regulatory Class
Randomization Interval
Measurement Duration
Measurement Mode

Octets:
1
1
2
2
1








BSSID

Reporting Condition
Threshhold /Offset (optional)


Octets:
6
1
1


Figure k1—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 Regulatory Class as shown in Error! Reference source not found.. A Channel Number of 0 indicates a request to make iterative measurements for all channels in the Regulatory Class 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 Regulatory Class. This procedure is described in 11.7.8.1.

Regulatory Class indicates the frequency band for which the measurement request applies. Valid values of Regulatory Class are shown in Error! Reference source not found..

Randomization Interval specifies the upper bound of the random delay to be used prior to making the measurement in units of TU. See 11.7.3. 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 k1. The procedures for each mode are described in 11.7.8.1.

Table k1—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 Regulatory Class. 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 k2. For STAs in an IBSS, the Reporting Condition shall be limited to  values in the range 0-4, inclusive. Reporting Condition shall be set to 0 when Measurement Mode is Beacon Table. Procedures for Reporting Conditions are described in 11.7.8.1.
Table k2—Reporting Condition definitions for Beacon Request element


Condition Description for Repeated  Measurement
Reporting Condition

.
Report to be issued after each measurement
0


Report to be issued when the measured RCPI is above an absolute threshold .
1


Report to be issued when the measured RCPI is below an absolute threshold .
2


Report to be issued when the RCPI level crosses above an absolute threshold 
3


Report to be issued when the measured RCPI crosses below an absolute threshold .
4


Report to be issued when the measured RCPI crosses above a level defined by an offset  from the serving  AP's RCPI.
5


Report to be issued when the measured RCPI crosses below a level defined by an offset  from the serving AP’s RCPI.
6


Report to be issued when the measured RCPI crosses above a level defined by an offset  from the serving AP’s RSSI.
7


Report to be issued when the measured RCPI crosses below a level defined by an offset  from the serving AP’s RSSI.
8


Report to be issued when the measured RCPI enters and remains in a range bound by the serving AP’s RCPI and an offset from the serving AP’s RCPI.
9


Report to be issued when the measured RCPI enters and remains in a range bound by the serving AP’s RSSI and an offset  from the serving AP’s RSSI.
10


Reserved
11-255

Condition Description for Repeated  Measurement
Reporting Condition

Report to be issued after each measurement
0

Report to be issued when the measured RCPI is above an absolute threshold .
1

Report to be issued when the measured RCPI is below an absolute threshold .
2

Report to be issued when the RCPI level crosses above an absolute threshold.
3

Report to be issued when the measured RCPI crosses below an absolute threshold .
4

Report to be issued when the measured RCPI crosses above a level defined by an offset  from the serving  AP's RCPI.
5

Report to be issued when the measured RCPI crosses below a level defined by an offset  from the serving AP’s RCPI.
6

Report to be issued when the measured RSSI crosses above a level defined by an offset  from the serving AP’s RSSI.
7

Report to be issued when the measured RSSI crosses below a level defined by an offset  from the serving AP’s RSSI.
8

Report to be issued when the measured RCPI enters and remains in a range bound by the serving AP’s RCPI and an offset from the serving AP’s RCPI.
9

Report to be issued when the measured RSSI enters and remains in a range bound by the serving AP’s RSSI and an offset  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. Threshold/Offset is not included when the Reporting Condition is 0. For Reporting Conditions  1 - 4, the threshold value is an unsigned 8 bit integer having the same units as RCPI. For Reporting Conditions 5, 6, and 9, the offset value is a signed 7 bit integer in the range [-127, +127] in the same units as RCPI. . For Reporting Conditions 7, 8and 10, the offset value is a signed 7 bit integer in the range [-127, +127] in the same units as RSSI.

7.3.2.28 RCPI Information element

The RCPI information element contains a RCPI value.







Element ID

Length
RCPI

Octets:
1
1
1

Figure k3 — RCPI Information element format

The length field shall be set to 1.

The RCPI field shall contain the RCPI value as defined in the RCPI measurement clause for the PHY type at the measuring STA. The RCPI Information element is used in the active scan procedure as described in 11.1.3.2.2. The RCPI Information element is also used in the Association and Reassociation Response frame to indicate the received power level of the corresponding Association or Reassociation Request frame.
10. Layer management

10.3 MLME SAP Interface

10.3.2 Scan

10.3.2.2 MLME-SCAN.confirm

10.3.2.2.2 Semantics of the Service Primitive

Add the following rows to the BSSDescription following BSSBasicRateSet:





Name
Type
Valid Range
Description

RCPIMeasurement
Integer
As defined in 15.4.8.5, or 17.3.10.6, or 18.4.8.5
The RCPI of the Probe Request frame measured during the active scan procedure.

This parameter shall be present within a BSSDescription returned in an MLME-SCAN.confirm primitive when an RCPI Information element was present in the received Probe Response. Present only when the MIB attribute dot11RadioMeasurementEnabled is true.

PowerConstraint
As defined in frame format
As defined in frame format
The contents of the Power Constraint element when received. Present only when the MIB attribute dot11SpectrumManagementRequired is true and when or dot11RadioMeasurementEnabled is true.

TPCReport
As defined in frame format
As defined in frame format
The contents of the TPC Report element when received. Present only when either the MIB attribute dot11SpectrumManagementRequired or dot11RadioMeasurementEnabled is true.

APChannelReportSet
Set of AP Channel Reports each as defined in the Channel Report element format
Set of AP Channel Reports each as defined in the Channel Report element format
The contents of any AP Channel Report elements received. Present only when the MIB attribute dot11RadioMeasurementEnabled is true.






11.1.3.2.2 Active scanning procedure

Change the last paragraph in this subsection as shown below:

When all channels in the ChannelList have been scanned, the MLME shall issue an MLME-Scan.confirm with the BSSDescriptionSet containing all of the information gathered during the scan.

If dot11RadioMeasurementEnabled is true, a STA may request RCPI information in the active scan procedure by including the RCPI Element ID within the Request Information element in a Probe Request frame. If an RCPI Information element is received in a Probe Response framethe STA shall include the RCPI value in the RCPIMeasurement parameter of the BSSDescription.

If dot11RadioMeasurementEnabled is true and if the Request Information element of the Probe Request includes the RCPI Element ID, an AP shall include an RCPI Information element in the Probe Response.  An AP may measure RCPI on the received Probe Request frame and include the result in the RCPI Information element of the Probe Response. If no measurement result is available, the RCPI value shall be set to indicate measurement not available.

11.7.8 Specific measurement usage

11.7.8.1 Beacon Report

If a STA accepts a Beacon Request it shall respond with a Radio Measurement Report frame containing one Measurement (Beacon) Report element for each BSSID matching the BSSID in the Beacon Request. The RCPI in the Beacon Report indicates the power level of the received beacon.  RCPI in a Beacon Report element may be used with other Beacon Report elements to determine the most suitable AP target for roaming.  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, based on the beacon's measured RCPI or RSSI value with respect to the requested reporting condition. Table k3 lists the reporting conditions which are based on the measured RCPI or RSSI levels.
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 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.

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 Regulatory Class 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. Subsequent channels shall be measured in order of ascending channel number; returing to the lowest channel valid number after the highest channel number has been measured.

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 Regulatory Class. 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. Subsequent channels shall be measured in order of ascending channel number; returing to the lowest channel number in the report after the highest channel number has been measured. If an AP Channel Report is not available in the STA, the STA shall iteratively conduct measurements on all channels in the specified Regulatory Class 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 with the requested BSSID without performing additional measurements. The receiving STA shall ignore the channel 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 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.

For repeated measurements, the Beacon Request element may specify a reporting condition which determines when the measuring STA is to send a Beacon Report element for a received beacon 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 received beacon only if the condition indicated in Table k3 is true.  Otherwise, a Beacon Report element is not created for that received beacon. For reporting conditions 5-10, the serving AP's RCPI and the serving AP's RSSI referred to in Table k3 are moving average values of the RCPI or RSSI of the 10 most recent beacons received from the measuring STA's serving AP. The serving AP's RCPI and the serving AP's RSSI 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 RCPI or RSSI (with offset, if any) to test the measured beacon RCPI or RSSI to determine whether or not to create and send a Beacon Report element for this received beacon. Figure kx diagrams the beacon RCPI measurements for reporting conditions 5 and 6.
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Figure kx—Reporting Condition for RCPI Crossing Level with Offset
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 and insert text following the third paragraph 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.

15.4.5 PMD_SAP detailed service specification

Insert the following subclause (15.4.5.16) after 15.4.5.15:
15.4.5.16 PMD_RCPI.indicate

15.4.5.16.1 Function

This optional primitive, generated by the PMD sublayer, provides the received channel power indicator to the PLCP and MAC.

15.4.5.16.2 Semantics of the service primitive

The primitive shall provide the following parameter: 

PMD_RCPI.indicate(RCPI). 

The RCPI shall be a measure of the channel power received by the DSSS PHY. RCPI indications are supported as defined in 15.4.8.5.

15.4.5.16.3 When generated

This primitive shall be generated by the PMD when the DSSS PHY is in the receive state. It shall be continuously available to the PLCP, which, in turn, provides the parameter to the MAC entity.

15.4.5.16.4 Effect of receipt

This parameter shall be provided to the PLCP layer for information only. The RCPI may be used in conjunction with RSSI to measure input signal quality.

15.4.8 PMD receiver specifications

Insert the following subclause  after 15.4.8.4:
15.4.8.5 Received Channel Power Indicator (RCPI) Measurement

The RCPI indicator is a measure of the received RF power in the selected channel. This parameter shall be a measure by the PHY sublayer of the received RF power in the channel measured over the entire received frame. RCPI shall be a monotonically increasing, logarithmic function of the received power level defined in dBm. The allowed values for the Received Channel Power Indicator (RCPI) parameter shall be an 8 bit value in the range from 0 through 220, with indicated values rounded to the nearest 0.5 dB as follows:

0:     Power <  -110 dBm

1:     Power =  -109.5 dBm

2:     Power =  -109.0 dBm

 and so on where 

RCPI   =  int{(Power in dBm +110)*2} for  0dbm > Power > -110dBm
220: Power >  -0 dBm

221-254:      reserved

255: Measurement not available

Accuracy for each measurement shall be +/- 5dB within the specified dynamic range of the receiver. The measurement shall assume a receiver noise equivalent bandwidth equal to the channel bandwidth multipled by 1.1.

Insert the following new section after Section 17.2.3.4:
17.2.3.5 RXVECTOR RCPI

The allowed values for the RCPI parameter are in the range from 0 through 255, as defined in 17.3.10.6. This parameter is a measure by the PHY of the received channel power. RCPI indications of 8 bits are supported. RCPI shall be measured over the entire received frame. 
17.3 OFDM PLCP sublayer

17.3.10 PMD receiver specifications

Insert the following new section after Section 17.3.10.5:
17.3.10.6 Received Channel Power Indicator (RCPI) Measurement

The RCPI indicator is a measure of the received RF power in the selected channel. This parameter shall be a measure by the PHY sublayer of the received RF power in the channel measured over the entire received frame. RCPI shall be a monotonically increasing, logarithmic function of the received power level defined in dBm. The allowed values for the Received Channel Power Indicator (RCPI) parameter shall be an 8 bit value in the range from 0 through 220, with indicated values rounded to the nearest 0.5 dB as follows:

0:     Power <  -110 dBm

1:     Power =  -109.5 dBm

2:     Power =  -109.0 dBm

and so on where 

RCPI = int{(Power in dBm +110)*2} for  0dbm > Power > -110dBm

220: Power >  -0 dBm

221-254:      reserved

255: Measurement not available

Accuracy for each measurement shall be +/- 5dB within the specified dynamic range of the receiver. The measurement shall assume a receiver noise equivalent bandwidth equal to the channel bandwidth multipled by 1.1.

17.5.5 PMD_SAP detailed service specification

Insert the following subclause (17.5.5.8) after 17.5.5.7:
17.5.5.8 PMD_RCPI.indicate

17.5.5.8.1 Function

This primitive, generated by the PMD sublayer, provides the received channel power indicator to the PLCP and MAC entity.

17.5.5.8.2 Semantics of the service primitive

The primitive shall provide the following parameter:

PMD_RCPI.indicate(RCPI).

The RCPI shall be a measure of the channel power received by the OFDM PHY. RCPI indications of 8 bits are supported, as defined in 17.3.10.6.
17.5.5.8.3 When generated

This primitive shall be generated by the PMD when the OFDM PHY is in the receive state. It shall be continuously available to the PLCP, which, in turn, provides the parameter to the MAC entity.

17.5.5.8.4 Effect of receipt

This parameter shall be provided to the PLCP layer for information only. The RCPI may be used in conjunction with RSSI to measure input signal quality.

18.4.8 PMD receiver specifications

Insert the following subclause (18.4.8.5) at the end of 18.4.8:
18.4.8.5 Received Channel Power Indicator (RCPI) Measurement

The RCPI indicator is a measure of the received RF power in the selected channel. This parameter shall be a measure by the PHY sublayer of the received RF power in the channel measured over the entire received frame. RCPI shall be a monotonically increasing, logarithmic function of the received power level defined in dBm. The allowed values for the Received Channel Power Indicator (RCPI) parameter shall be an 8 bit value in the range from 0 through 220, with indicated values rounded to the nearest 0.5 dB as follows:

0:     Power <  -110 dBm

1:     Power =  -109.5 dBm

2:     Power =  -109.0 dBm

and so on where 

RCPI   =  int{(Power in dBm +110)*2} for  0dbm > Power > -110dBm

220: Power >  -0 dBm

221-254:      reserved

255: Measurement not available

Accuracy for each measurement shall be +/- 5dB within the specified dynamic range of the receiver. The measurement shall assume a receiver noise equivalent bandwidth equal to the channel bandwidth multipled by 1.1.

19. Extended Rate PHY specification

19.2 PHY specific service parameter list

Insert new row into  Table 123B as follows:

Table 123B—RXVECTOR parameters

Parameter
Value

RCPI
The RCPI is a measure of the received channel power and is included when dot11RadioMeasurementEnabled is true. The 8-bit RCPI value is described in 17.2.3.5 and 18.4.5.16.
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