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Abstract

This document proposes text for Medium Sensing Measurement Request and Medium Sensing Measurement Report for collecting information about medium access patterns using different indicators such as (1) Received Power Indicator (RPI), or (2) CCA, or (3) NAV coverage. 

The patterns are reported as time histograms, i.e, sets of values that represent the probability of occurence (“densities") of some busy and/or idle durations. Instead of providing histograms over different power levels, the proposed time histograms provide information about busy and idle durations with a precision as defined in the request. For example, if a medium sensing time histogram with a slot precision is collected, information about the medium activities of other 802.11 STAs can be derived from the collected information. The time histograms are simple to create without much effort, and clearly provide details about activities of other radio systems on a channel. This measurement allows improved radio resource management in 802.11 Wireless LAN.

As main benefit of the Medium Sensing Time Histogram, information about ongoing activities of other radio devices can be collected without receiving probe responses or beacons from other APs during the measurement period. This is helpful when the measuring STA can only receive frames from non-AP STAs, , for example, in the case of partially overlapping (Q)BSSs. Once the information is collected, radio resource management will be facilitated by addressing the following questions:

· Are there other non-802.11 devices, for example, microwave, operating on the channel and what is their medium access pattern (answer most likely to be provided through RPI and CCA time histogram)? 

· Are there legacy 802.11 devices operating on the channel, which would impede the support of QoS (answer may be provided through CCA idle time histogram)? 

· What is the current status in the channel in terms of applied EDCF parameters and offered traffic for each priority (answer may be provided through CCA idle time histogram)?

· Is enough capacity left in the channel for sharing it with the 802.11 devices that are already operating on the channel (answer most likely to be provided through RPI and CCA idle time histogram)? 

· Is it feasible to operate with the contention-free channel access of  the HCF on this channel, or is there already another device operating with contention-free channel access (answer provided through CCA idle time histogram)?

· What is the maximum duration of busy periods, i.e., what is the minimum TXOPlimit applicable on this channel (answer provided through CCA busy time histogram)?

3. Definitions

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

3.NN Received Power Indicator (RPI) :
RPI is a quantized measure of the received power level as seen at

the antenna connector.

4. Abbreviations and Acronyms

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

RPI
Received Power Indicator

7. Frame formats

Insert the following new sections and renumber figures and tables as necessary:

7.3.2.19 Measurement Request element

Table 0‑1 – Measurement Type definitions for Measurement Request element

	Measurment Name
	Measurement Type

	Medium Sensing Time Histogram Request
	8

	Reserved
	9-255


7.3.2.19.5 Medium Sensing Time Histogram Request

The format of  the Measurement Request field corresponding to a Medium Sensing Time Histogram Request is shown in Figure 0‑1 .

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

	Octets:
	1
	1
	2
	1
	1
	1
	1
	1


Figure 0‑1 Measurement Request field format for a Medium Sensing Time Histogram Request
The Channel Number indicates the channel number for which the measurement request applies. (as defined in 17.3.8.3.2).

The Channel Band indicates the frequency band, taken from Table 0‑2, in which the Channel Number applies.

Table 0‑2 – Channel Band definitions for radio measurement requests
	Name
	Channel Band

	2.4 GHz Band
	0

	5 GHz Band
	1

	Reserved
	2-255


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

The Medium Sensing Measurement Subtype indicates the subtype of Medium Sensing Measurements to make. The available subtypes of Medium Sensing Measurement are defined in Table 0‑3.

Table 0‑3 – 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 Bin Offset indicates the position of the first bin, expressed in microseconds.

The Bin Interval 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 Table 0‑5.

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

7.3.2.20 Measurement Report element

Table 0‑4 –Measurement Type definition for Medium Sensing Time Histogram Request element

	Measurement Name
	Measurement Type

	Medium Sensing Time Histogram
	8

	Reserved
	9-255


7.3.2.20.5 Medium Sensing Time Histogram Report

The format of the Measurement Report field of a Medium Sensing Time Histogram Report is shown in Figure 0‑2.

	
	Channel Number
	Channel Band
	Measurement Duration
	Medium Sensing Measurement Subtype
	RPI Threshold
	Bin Offset
	Bin Interval
	Number of Bins
	Total Number of Medium Sensing Events
	Bin 0 Density
	Bin 1 Density
	…
	Bin N-1 Density

	Octets:
	1
	1
	2
	1
	1
	1
	1
	1
	4
	1
	1
	
	1


Figure 0‑2 – Measurement Report field format for a Medium Sensing Time Histogram Report
The Channel Number indicates the channel number to which the Medium Sensing Time Histogram Report applies.

The Channel Band indicates the measured frequency band, taken from Table 2, in which the Channel Number applies.

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

The Medium Sensing Measurement Subtype indicates the subtype of Medium Sensing Time Histogram Report, as defined in Table 0‑3.

The RPI Threshold identifies a received power level threshold according to Table 0‑6, as seen at the antenna connector. The RPI Threshold is used to determine if a Medium Sensing Event occurs, while collecting information for the RPI Time Histogram

The Medium Sensing Time Histogram Report contains the densities in each of the N time intervals as measured in the specified channel over the measurement duration.

The Total Number of Medium Sensing Events indicates how many events have been counted during the measurement. The Medium Sensing Events are defined in Table 0‑5.

Table 0‑5 – Definition of Medium Sensing Event

	Medium Sensing Measurement Subtype
	Medium Sensing Measurement Name
	Medium Sensing Event for Bin i

	0
	RPI Time Histogram
	RPI changes from value higher than threshold to value lower than RPI threshold within the interval (i0+[i*(i ... (i+1)*(i] )

	1
	CCA Idle Time Histogram
	CCA state changes from idle to busy within the interval (i0+[i*(i ... (i+1)*(i] )

	2
	CCA Busy Time Histogram
	CCA state changes from busy to idle within the interval (i0+[i*(i ... (i+1)*(i] )

	3
	NAV Busy Time Histogram
	NAV duration within the interval (i0+[i*(i ... (i+1)*(i]) detected

	4-255
	reserved
	reserved


To compute the Bin i density, 0 ( i < N, the STA monitors the contiguous duration of the monitored state and increments count, Bi, corresponding to Bin i. If a Medium Sensing Event occurs during the measurement at time t with

i0+(i*(i) < t ( i0+(i*(i) for any i<N-1,

i0+(N*(i) ( t for i=N-1,

then the number of events per Bin i is increased by one. During the Medium Sensing Measurement, a histogram is generated that represents the probability distribution of Medium Sensing Events in time.

Table 0‑6 – RPI Threshold Definitions for an RPI  Time Histogram

	RPI
	Power Observed at Antenna (dBm)

	0
	-87

	1
	-82

	2
	-77

	3
	-72

	4
	-67

	5
	-62

	6
	-57

	7-255
	reserved


11 MLME

Insert the following new subsections under Section 11, adjusting the subsection numbers, figure numbers and table numbers as necessary: 

11.7 Radio Measurement Procedures

11.7.7 Specific measurement usage

11.7.7.6 Medium Sensing Time Histogram Report

A STA receiving one or more Medium Sensing Time Histogram Requests shall respond with a Medium Sensing Time Histogram Report containing the histogram(s) according to the requested Medium Sensing Measurement Subtype(s). To provide information that allows to assess the confidence of the reported data, the total number of counted Medium Sensing Events shall also be provided.

As main benefit of the Medium Sensing Time Histogram, information about ongoing activities of other radio devices can be collected without receiving probe responses or beacons from other APs during the measurement period. This is helpful when the measuring STA can only receive frames from non-AP STAs, for example, in the case of partially overlapping (Q)BSSs.

First, by analyzing Medium Sensing Time Histograms, it can be estimated if other non-802.11 radio devices operate on the sensed channel and how their medium access is distributed over time. This information maybe used, for example, to detect microwave.

Second, by analyzing a Medium Sensing Time Histogram, it can be estimated if  there are 802.11 STAs operating on the channel that do not support QoS as defined by 802.11e. For example, a comparison of the NAV pattern with the TXOPlimit can also indicate whether there are legacy 802.11 STAs.

Last, by analyzing a reported Medium Sensing Time Histogram, it can be estimated what level of QoS support may be feasible when operating on the sensed channel. It is possible to collect the information about used EDCF parameters on the sensed channel, and the offered traffic on the sensed channels. A CCA idle histogram may for example provide information about traffic load for different priorities with different AIFS parameters. It can be estimated if there is enough capacity left in the sensed channel for sharing the radio resources, under QoS constraints. By analyzing a reported Medium Sensing Time Histogram, it can be further estimated what the maximum duration of busy times is and what the minimum TXOPlimit may be applicable when operating on this channel.
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