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Measure BSS overlap to feed mitigation (TGe) and help balance coverage, capacity, and QoS

Quantify each station’s local performance to assist admissions control (TGe) and to facilitate roaming and load balancing
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6. Scope of RRM

•In practice the protocol elements that are specified will be MAC and PHY extensions 
–most likely MLME and PLME services

•The standard should deal with protocol and not decision-making  or algorithms

–for example a set of measurements may be defined but not any specific rule as to when these measurements should be made, or how the results should be used

•Effectively the standard should provide a tool-kit for RRM

7. Specific RRM Requirements

7.1 Capabilities, Measurements, and Statistics

•It should be possible to identify an RRM capable AP, or STA
•It should be possible for a management entity to request that an Access Point make appropriate measurements to determine the radio environment

–prior to MLME-START.request being issued

–while operating

•STAs should have the ability to make and report measurements on the radio environment

–autonomously

–when requested via the AP

•It should be possible for a Network Management Entity to obtain configuration and statistics information
–extend AP MIB for per-STA statistics and not global MAC statistics as already discussed in RRM SG/TGk

–it should be possible to generate management alerts for certain conditions

7.2 Improved BSS Information

•Information should be available to STAs to assist in making association decisions that result in
–good service characteristics for the individual STA without affecting those experienced by other STAs in the ESS

–efficient usage of the available resources.

–likely to be particularly important if applications with Quality-of-Service (QoS) requirements are being supported

–e.g. the provision of BSS load information

7.3 Information to Streamline Roaming

•Information should be available to STAs that assists in streamlining the roaming process
–Overall objective to improve the user experience at handover through the provision of additional radio resource and system information

–Transmitted by the AP

–Information regarding other APs in the ESS (neighbourhood or co-located BSSs) and possibly the boundary of an ESS 
–This is just provision of information – the decision of when to scan for and join a given BSS is unchanged as an STA decision

8. Objectives

8.1 RRM is about obtaining information and delivering it to the appropriate place

8.2 Improved observation of AP and client performance and environment to facilitate

•Improved WLAN client performance though better network management 
•Optimization of the overall system capacity – particularly in dense BSS environments

•Refinement of system installation/deployment – are new APs required? Are existing APs badly sited?

•Improved diagnosis of network management problems – audit trails, system alerts

•Managed link quality for QoS provision

•A flexible framework that can be adapted for new services

8.3 Enhancing informationprovided to WLAN clients to:

•Improve the AP selection process both when joining and when roaming
•Provide assisted handover support

8.4 Information for assisted, or possibly autonomous network configuration during installation and expansion

9. Summary of Actions Addressed by 802.11k

9.1 What do you hear? (802.11 and non-802.11)

Extended CCA and RPI Histogram reports

Radar

802.15

802.16

9.2 Who do you hear? (802.11)

Beacon and frame reports

10. Standardizing Values for Measurements (timestamp all)

10.1 RSSI

10.2 Signal Quality

10.3 RPI Histogram

10.4 PSNI

10.5 DR

10.6 Loading (requested vs served)

11. RRM Services

11.1 Reports from the SME

11.2 Requests to the SME

11.3 Requests from SME to MLME

11.4 Requests from MLME to SME

11.5 Passing Requests and Receiving Responses Across the PLME SAP

11.6 Passing Requests and Receiving Responses Across the PMD

11.7 Information to Higher Layers within a given station (to and from the SME which are action frames and action frame responses)

NDIS

Objects for Linux

Wind River

12. Framework – Six RRM Functional Scenarios

12.1 AP MIB Related Configuration, Control, and Statistics

12.2 AP Measurements

12.3 Distribution of RRM Information to STAs

12.4 STA Statistics Gathering

12.5 AP Commanded STA Actions

12.6 STA Autonomous Action

13. MIB Approaches

13.1 Per Client MIBs

13.2 AP MIBs

14. RRM Protocol Elements

•Add a bit to the Capability Information fixed field to indicate RRM capability
•Use the Action management frame type as defined in the IEEE802.11h draft

–define a new Action category value defined for RRM

•Extension of the AP MAC MIB

–enhance for per-STA link statistics

•Use the measurement request and measurement report elements and protocol as defined in the IEEE802.11h draft 
–Define measurements to meet the requirements

•RSSI, retry statistics, CCA busy fraction, noise floor, observed BSSs, non-IEEE802.11 signals

–Consider cross-band measurements

•Define a BSS load element

–Review the QBSS load element in the IEEE802.11e draft as a starting point

•Define an ESS Information element

–potential neighbour BSSs

–indicate the boundary of the ESS

15. Sources of Measurement

15.1 AP Distribution of Service Information on Setup

Probe Reponse

Beacon

Special Management Frames

15.2 Passively Observed Parameters

7.2.1 MIB Variables

CCA

RSSI

Noise Power

Frame Counts

States

MAC addresses

Beacons

15.2.2 Extend/replace with dot11macStatsTable for per Interface stats

15.2.3 Extend doc11phy/dot11phyDSSSTable and dot11phyOFDMTable stats

15.2.4 Tables of all known STAs, APs, regardless of association

Station Tables

DotremSTAstatsTable

Dot11remSTAconfig

Dot11remSTAstatusTable

Dot11remSTAactions

AP Tables

15.3 Transfer of Parameters between STA and AP: Measurements that require specific action (11h-like)

15.3.1  Requests

Set through measurement action table in MIB

Include any required measurement parameters

May pertain to AP radio and/or client radios

15.3.2  Measurements

Serving channel is measure without disrupting traffic

Off-channel measurements temporarily disrupt traffic

Station’s traffic is buffered if it measures off-channel

Station may decline if measurement poses undue burden

15.3.3  Reports

Communicated through new MIB tables

15.3.3.1  Beacon Report

Purpose

Detects possible rogue APs

Quantifies WLAN radio topology

Measures BSS Overlap

How it Works

Each request specifies channels or asks for current beacon table

Measure at AP radio and/or client radios

Measure on serving channel or off-channel

For each detected beacon and probe response

Always report channel, BSSID, RSSI, and time of detection

Optionally report other fixed fields and information elements

15.3.3.2  Extended CCA Report

Purpose

Quantifies each station’s current local performance

How it Works

Measure at AP radio and/or client radios

Measure on serving channel only

Measured parameters

CCA busy fraction indicates degree of local contention at STA

Histogram of recent backoff translates to radio-related jitter at STA

15.3.3.3  Non-802.11 RPI Histogram Report

Purpose

Detects non-802.11 interference and quantifies noise

How it Works

Measure at AP radio and/or client radios

Measure on serving channel only

Measured parameters

Received power indicator (RPI) is a quatized measure of received power

TGh defines eight RPI levels with 5dB ranges for inner levels

RPI Histogram measures occurrences of each RPI level

RPI Histogram in TGh does not distinguish non-802.11 energy

15.3.3.4  Frame Report

Purpose

Identifies a station’s local contending stations

Information needed if AP detects acceptable CCA, but station detects unacceptably high CCA

How it Works

Finds the station causing the contention

Measure at AP radio or client radios, but typically client

Measure on serving channels only

Report one sub-element for each detected contending station

Transmitter MAC address

BSSID to which contending STA belongs

Number of frames decoded from STA

Average signal strength of frames from STA

Store the reported measurement table in MIB under SMT

15.3.4  Transfer Mechanisms

Request/Response Over Air

Passively Measured Parameters

Actively Measured Parameters

15.3.5  Reported parameters from other STAs should go under dot11smt, indexed via integer containing reporters’ address and observed address

15.4  Actively Measured Parameters

Quiet the Medium
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