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Abstract

This submission contains proposed normative text for the following RRM functions outlined in an earlier framework proposal [1]:

1. STA statistics gathering

2. Two cases concerning the distribution of RRM information to STAs

· The provision of neighbourhood information to assist in streamlining the roaming process

· The distribution of averaged STA statistics information

3. Establishment of measurement thresholds

The following functions from a submission on Proposed Text for Radio Measurement Requests & Reports [2] are assumed:

1. The addition of a field within the Capability Information Field (§7.3.1.4) to indicate RRM capability

2. The Action field (§7.3.1.11) and Action frame formats (§7.4), which are added to by the proposed text here.
The following editorial comments should be noted:

1.
Italic text outlined within a frame is commentary and is not a part of the normative text proposal

2.
New tables and figures are numbered sequentially with a preceding ‘+’ starting at +1. It is left to the TGk editor to correct these on insertion of any adopted text. Edited figures and tables take their original numbering.
3.
This text assumes a baseline comprising current edition of IEEE Std 802.11 1999 Edition and the 802.11a, 802.11b, 802.11b-cor1 and 802.11d supplements. The later is important since it allows the BSS Information element to be reported in probe response.

References to this Submission
[1]
11-03-080r0-K-A_Framework_for_RRM
[2]
11-03-207r3-K-Radio-Measurement-Request-Report
[3]
11-03-232r0-K-STA_MIB_Statistics
[4]
11-03-234r1-K-RRM_Measurement_Classification
The addition to the Beacon below provides an extensible mechanism of communicating that RRM information is available within the BSS.
7.2.3.1 Beacon frame format

Amend the text in Table 5 at the end of 7.2.3.1
Table 5 – Beacon frame body
	Order
	Information
	Notes

	11
	RRM Parameter Set
	Shall be included if dot11RadioMeasurementEnabled is true


The purpose of the changes to Probe Request and Probe Response below is to allow RRM information elements to be returned in a Probe Request-Response exchange. 

7.2.3.8 Probe Request frame format

Amend the text in Table 11 at the end of 7.2.3.8
Table 11 – Probe Request frame body
	Order
	Information
	Notes

	3
	Request Information
	May be included if dot11MultiDomainCapabilityEnabled or dot11RadioMeasurementEnabled are is true


7.2.3.9 Probe Response frame format

Add the following text to the last paragraph of 7.2.3.9 immediately prior to Table 12.

A STA may return multiple Information Elements of a requested type if appropriate.
7.3.2 Information Elements

Insert the following information elements into Table 20 of clause 7.3.2 and change the Reserved row accordingly: 
Table 20 – Element IDs

	Information Element
	Element ID

	Measurement Request
	38

	Measurement Report
	39

	RRM Parameter Set
	40

	BSS Information
	41

	BSS Load 
	42

	Quality Estimation
	43


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

7.3.2.19 Measurement Request Element

This submission builds upon the Measurement Request-Response mechanism from [2]and assumes the presence of that text.
Table +1 – Measurement Type definitions for Measurement Request element

	Measurement Name
	Measurement Type

	Specified in [2]
	0 - 7

	STA Statistics Request
	8

	STA Summary Request
	9

	Reserved
	10 - 255


7.3.2.19.5 STA Statistics Request

The Measurement Request field corresponding to a STA Statistics Request is shown in Figure +1.
	
	
	

	
	Measurement Duration
	Group Identity

	Octets:
	2
	1


Figure +1 – Measurement Request field format for a STA Statistics Request
The Measurement Duration field shall be set equal to the duration of the requested measurement in TUs.

Group Identity indicates the requested statistics group according to Table +2. 

Table +2 – Group Identity for a STA Statistics Report

	Statistics Name
	Group Identity

	STA Counters
	0

	Reserved
	1 - 255


7.3.2.19.6 STA Summary Request
The STA Summary requests a shortform summary of the link statistics between an STA and the AP with which it is currently associated. It is only relevant to the current channel.
	
	

	
	Measurement Duration

	Octets:
	2


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

7.3.2.20 Measurement Report Element

This submission builds upon the Measurement Request-Response mechanism from [2]and assumes the presence of that text.
Table 0‑5 – Measurement Type definitions for Measurement Report element

	Measurement Name
	Measurement Type

	Specified in [2]
	0 - 7

	STA Statistics Report
	8

	STA Summary Report
	9

	Reserved
	10 - 255


7.3.2.20.5 STA Statistics Report

The format of the Measurement Report field of an STA Statistics Report is shown in Figure +2.

	
	
	

	
	Measurement Duration
	Statistics Group Data

	Octets:
	2
	Variable


Figure +2 – Measurement Report field format for a STA Statistics Report

Measurement Duration shall be set equal to the duration over which the Statistics Data was measured, expressed in TUs. A Measurement duration of 0 indicates instantaneous data.

Statistics Group Data shall contain the requested statistics from MIB related to the interface on which the request was received according to Table +3.
Table +3 – Group Identity for a STA Statistics Report

	Group Identity Requested
	Statistics Returned

	0
	dot11TransmittedFragmentCount (Counter32),
dot11MulticastTransmittedFrameCount (Counter32),
dot11FailedCount (Counter32),
dot11RetryCount (Counter32),
dot11MultipleRetryCount (Counter32),
dot11FrameDuplicateCount (Counter32),
dot11RTSSuccessCount (Counter32),
dot11RTSFailureCount (Counter32),
dot11ACKFailureCount (Counter32)
dot11ReceivedFragmentCount (Counter32),
dot11MulticastReceivedFrameCount (Counter32),
dot11FCSErrorCount (Counter32),
dot11TransmittedFrameCount (Counter32).

	1 – 255
	None


7.3.2.19.6 STA Summary Report
The STA Summary reports a shortform summary of the link statistics between an STA and the AP with which it is currently associated. It is only relevant to the current channel.

	
	
	
	
	
	

	
	Measurement Duration
	Average
RSSI
	Average Noise Floor
	Average Transmit Rate
	Average Re-transmission Ratio

	Octets:
	2
	1
	1
	1
	1


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

The average RSSI shall be set equal to the average RSSI during the measurement duration.
The Average Noise Floor shall give the average RSSI during channel idle periods over the measurement interval in –dBm.

The Average TX Rate shall give the average transmission rate in units of 500kbit/s of all successful unicast MPDU transmissions over the Measurement Interval.

The Average Re-transmission Ratio field shall give the average number of retransmissions for each transmitted unicast MPDU over the Measurement Interval.

7.3.2.21 RRM Parameter Set

The RRM Parameter Set indicates the RRM information available in a BSS. The format of the RRM Information Element is shown in Figure +3.

	
	
	
	

	
	Element ID
	Length
	RRM Information

	Octets:
	1
	1
	2


Figure +3 – RRM Parameter Set Element Format
The Element ID field shall be equal to the RRM Parameter Set value in Table 1. The value of the Length field is 2.

The RRM Information field shall contain a number of subfields as defined in Figure +4.

	
	
	

	
	BSS Information
	Reserved

	Bit:
	0
	1-7


Figure +4 – RRM Information field
The BSS Information subfield shall be set to 1 if BSS Information is available from the BSS, otherwise it shall be set to 0.
7.3.2.22 BSS Information Element

The BSS Information element contains a shortform summary of the characteristics of a BSS. The format of the BSS Information Element is shown in Figure +5.

It is intended that the BSS information here is relatively static information that allows an STA to locate the BSS to determine whether it might provide alternative service, for example this information might be used to direct background scanning activity. It is not intended that BSS information provide complete information to enable a roaming decision to be made.

The source of information for BSS reports is the Station Management MIB. The mechanism by which the MIB is set is considered outside the scope of this standard, though it could be preconfigured, or collected through Beacon type measurements.

	
	
	
	
	
	
	

	
	Element ID
	Length
	BSSID
	PHY Type
	PHY Specific Information
	Beacon Interval

	Octets:
	1
	1
	6
	1
	1 or 5
	2

	
	
	
	
	
	
	

	
	Capability Information
	Supported Rates
	Control
	
	
	

	Octets:
	2
	2 - 9
	1
	
	
	

	
	
	
	
	
	
	


Figure +5 – BSS Information Element Format

The Element ID field shall be equal to the BSS Information value in Table 1.

The value of the Length field is variable and depends on the PHY Specific Information and Supported Rates. The minimum value of the Length field is 15 octets.

The BSSID field shall contain the BSSID of the BSS being reported in the element.

The PHY Type field shall contain an enumerated value corresponding to the PHY type relevant to the BSS being reported according to Table +4.

Table +4 – Enumerated PHY Types

	PHY Name
	Enumerated PHY Type

	Frequency Hopping according to clause 14
	1

	DSS according to clause 15
	2

	Reserved
	3

	OFDM according to IEEE802.11a
(clause 17)
	4

	High Rate DSS according to IEEE802.11
(clause 18)
	5

	ERP according to IEEE802.11g (clause 19)
	6

	Reserved
	0, 7-255


For PHY Types 2, 4, 5 and 6, the PHY Specific Information field shall consist of a single octet containing the current channel number. For PHY Type 1, the PHY specific information field shall contain the Dwell Time, Hop Set and Hop Pattern and Hop Index as defined in 7.3.2.3. Use of Hop Index is optional and this field shall be set to 0 on transmission and ignored on reception if unused.

The Beacon Interval field shall contain the Beacon Interval for the BSS being reported as defined in 7.3.1.3.

The Capabilities Field shall contain the Capability Information Field for the BSS being reported as defined in 7.3.1.4. 

It may be prudent to consider coding an extended capability element here as 802.11e/D4.0 clause 7.3.2.17

The Supported Rates field shall contain the Length and Supported Rates fields of the Supported Rates Element for the BSS being reported as defined in 7.3.2.3.

The Control field shall contain a number of subfields as defined in Figure +6.

	
	
	

	
	Boundary
	Reserved

	Bit:
	0
	1-7


Figure +6 – Control field
The Boundary subfield shall be set to 1 if the MIB attribute dot11RRMBSSBoundary is set for the BSS being reported. The Boundary subfield is used to indicate that the BSS being reported is a boundary of the ESS.

7.3.2.23 BSS Load Element

The BSS Load Element shall report the peak and average load in the BSS over the given measurement interval. The format of the BSS Load element is shown in Figure +n
	
	
	
	
	
	

	
	Element ID
	Length
	Measurement Interval
	Channel Band
	Peak Associations

	Octets:
	1
	1
	2
	2
	2

	
	
	
	
	
	

	
	Current Associations
	Average 
Load
	Average Re-transmission Ratio
	Averate TX Rate
	

	Octets:
	1
	1
	1
	1
	

	
	
	
	
	
	


Figure +5 – BSS Load Element Format

The Element ID field shall be equal to the BSS Load Element value in Table 1. The value of the Length field shall be 10.

The Measurement Interval field shall give the period in TU over which peak and average information is given.
Channel Band indicates the frequency band according to Table tbd.

The Peak Associations field shall give the peak number of associated STAs during the Measurement Interval.

The Current Associations field shall give the number of associated STAs at the instant that the BSS Load element is scheduled for transmission.

The Average Load field shall give the average channel load over the Measurement Interval as an integer computed by INT[255*(duration CCA indicated channel busy/Measurement Interval)], where channel busy is in TU.

The Average Re-transmission Ratio field shall give the average number of retransmissions for each transmitted unicast MPDU over the Measurement Interval.

The Average TX Rate shall give the average transmission rate in units of 500kbit/s of all successful unicast MPDU transmissions over the Measurement Interval.
7.3.2.23 Quality Estimation Element

The Quality Estimation Information Element is used to report averaged STA summary information.
	
	
	
	RSSI Window 1
	RSSI Window 2 …

	
	Element ID
	Length
	Average Noise Floor
	Average Transmit Rate
	Average Re-transmission Ratio
	Average Noise Floor
	Average Transmit Rate
	Average Re-transmission Ratio

	Octets:
	1
	1
	1
	1
	1
	1
	1
	1

	
	
	
	
	
	
	
	
	


The Element ID field shall be equal to the Quality Estimation Element value in Table 1. The value of the Length field shall be 16.

The body of this information element shall contain 8 tuples giving the Average Noise Floor, Average Transmit Rate and Average Retransmission Ratio figures obtained from STA Summary Reports, organized according to Average RSSI in 8 windows as follows:

	RSSI Window
	Average RSSI (dBm)

	0
	Power -87

	1
	-87  Power -82

	2
	-82  Power -77

	3
	-77 Power -72

	4
	-72 Power -67

	5
	-67 Power -62

	6
	-62 Power -57

	7
	-57 Power


7.4.1 Radio Measurement Action Details

Three Action frame formats are defined for Radio Measurement purposes. The Action field values associated with each frame format are defined in Table +5.

Table +5 – Radio Measurement Action field values 

	Action field value 
	Description

	0
	Measurement Request

	1
	Measurement Report

	2
	ESS Information Request

	3
	ESS Information Report

	4-255
	Reserved


7.4.1.1 ESS Information Request frame format

The ESS Information Request frame uses the Action frame body format and is transmitted by a STA to request  another STA to report ESS Information. The format of the ESS Information Request frame body is shown in Figure +7.

	
	
	
	

	
	Category
	Action
	Dialog Token

	Octets:
	1
	1
	1


Figure +7 – ESS Information Request frame body format

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

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

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

7.4.1.2 ESS Information Report frame format

The ESS Information Report frame uses the Action frame body format and is transmitted by a STA in response to a ESS Information Request frame or by a STA autonomously providing ESS Information. The format of the ESS Information Report frame body is shown in Figure +8.

	
	
	
	
	

	
	Category
	Action
	Dialog Token
	BSS Information 
 Elements

	Octets:
	1
	1
	1
	variable


Figure +8 – ESS Information Report frame body format

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

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

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

The BSS Information Elements field shall contain one or more BSS Information elements described in 7.3.2.21. The number and length of the BSS Information Report elements in a ESS Information Report frame is limited by the maximum allowed MMPDU size.

11.7.7.6 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.

Annex D – ASN.1 encoding of the MAC and PHY MIB

This MIB proposal contains the core MIB definitions consistent with the remainder of this proposal. It is realised that at this stage the MIB definitions herein need to be integrated into an overall TGk MIB structure.

In “SMT Station Config Table of Annex D, add the following text to the end of the dot11StationConfigEntry sequence list

dot11RRMCapabilityImplemented TruthValue,

dot11RadioMeasurementEnabled TruthValue

Add the following elements to the end of the dot11StationConfigEntry element definitions

dot11RRMCapabilityImplemented OBJECT-TYPE

SYNTAX TruthValue

MAX-ACCESS read only
STATUS current

DESCRIPTION

“This attribute, when TRUE, indicates that the station implementation is capable of supporting Radio Resorce Measurement (RRM). The capability is disabled otherwise. The default value of this attribute is FALSE.”

::= { dot11StationConfigEntry TBA }

dot11RadioMeasurementEnabled OBJECT-TYPE

SYNTAX TruthValue

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“A STA may use the defined RRM procedures if this attribute is TRUE. The default value of this attribute is FALSE.”

::= { dot11StationConfigEntry TBA }

The following are MIB thresholds for measurement triggers

dot11RRMMeasurementTriggerThreshold1 OBJECT-TYPE

SYNTAX Integer

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute shall indicate the RSSI level in –dB for measurement trigger threshold 1”

::= { dot11StationConfigEntry TBA }

dot11RRMMeasurementTriggerThreshold2 OBJECT-TYPE

SYNTAX Integer

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute shall indicate the RSSI level in –dB for measurement trigger threshold 2”

::= { dot11StationConfigEntry TBA }
dot11RRMMeasurementTriggerThreshold3 OBJECT-TYPE

SYNTAX Integer

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute shall indicate the RSSI level in –dB for measurement trigger threshold 3”

::= { dot11StationConfigEntry TBA }

dot11RRMMeasurementTriggerThreshold4 OBJECT-TYPE

SYNTAX Integer

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“This attribute shall indicate the RSSI level in –dB for measurement rigger threshold 4”

::= { dot11StationConfigEntry TBA }
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