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1 Methodology for Employing Variable Attenuators in a Conducted Test Environment 

1.1 Introduction and Purpose

This section outlines a methodology to be used in conducted test environments employing variable attenuators. It is to be used for measurements of metrics and sub-metrics as outlined in the 802.11T specifications.

As the manner in which the attenuation is changed while obtaining measurements with respect to a specif metric or sub-metric influences the recorded results [1-8], this methodology assures test being conducted in a coherent and repeatable way allowing reported  results being comparable.

The general setup for tests using this methodology includes shielded enclosures separating all wireless devices (DUT and “reference AP”) and variable attenuators. 

The presented methodology shall be used for measurements of metrics and sub-metrics which require that the attenuation imposed to the communication signal is varied during the measurement. Possible metrics and sub-metrics to which this methodology applies include but are not limited to “BSS transition time” [7,8] and “Antenna Diversity Testing” [6]. This methodology is not mandatory for measuring metrics and sub-metrics in which the time interval over which measurements are recorded is disjunct from the time intervall over which the imposed attenuation is varied. One example for a measuremnt set-up of a metric to which this methodology does not apply is “Rate vs. Attenuation” [10,11].

1.3 Test Configuration

1.3.1 Resource Requirements

The following equipment is required in order to conduct tests using this methodology. It may be extended by any means in order set up a conducted test environment appropriate for measuring the considered metric or sub-metric:

· Shielded enclosures (one for each wireless device);
the shielded enclosure shall protect the wireless device from extraneous signals; the enclosure shall ensure that the communication test signal is only propagated via the conducted test environment; isolation in the frequency band being tested between the inside and outside of the shielded enclosure should exceed -95dB

· DUT, respectively STA,
device under test

· Reference AP,
participant of communication with DUT; may either be another DUT or a calibrated communication partner / AP

· Variable attenuators,
device inserted in the conducted communication path in between DUT and “reference AP” that allows to change the attenuation experienced in the transmission path while the test is running.  The level of the imposed attenuation at any given time during the test shall be reproducible.
· Attenuator controller
an optional entity that is steering / controlling the imposed signal degradation of the employed variable attenuators according to a sweep function; may be co-located with the variable attenuator

· Sweep function,
algorithm how to vary the imposed attenuation during the measurement.

· Supplementary equipment
Additional (calibrated) equipment to connect the DUT and Reference AP via the variable attenuator(s), e.g.: cables, splitters, combiner, etc.
1.3.3 Permissible Error Margins and Reliability of Test

Prior to beginning of the test, the test equipment described above shall be calibrated, and all test software be verified. The calibration date of all equipment should be noted in the test report for a given metric. The test setup may be monitored during the test to ensure proper functionality of the employed equipment.

1.4 Approach

1.4.1 Configuration Parameters

This test methodology applies to any configuration in which variable attenuators are employed in a conducted test environment.

1.4.1.1 Baseline Configuration

The baseline setup to be configured, measured, and reported whenever this methodology is applied, is performed as follows:

A sweep function which is linear in dB shall be imposed by the variable attenuators while measuring the considered metric or sub-metric (Fig. 1). It is characterized by the min. and max. imposed attenuation and the sweep time ((t) over which the attenuation is changed. At least two sets of measurements shall be conducted employing two speeds (v1 and v2, given in dB/s) at which the imposed attenuation is changed during the measurement such that v1 << 2*v2.
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Figure 1: Linear attenuation change (sweep function linear in dB)

It is permissible to approximate an attenuation change strictly linear in dB by a stepwise change of the imposed attenuation (see Fig. 2). The interval over which the attenuation is kept constant (( t increase) shall be as short as possible according to the limits of the used equipment. The attenuation step size shall be kept constant. Both, ( t increase and the attenuation step size shall be reported.
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 Figure 2: Stepwise increase of imposed attenuation

For either case (change strictly linear in dB or stepwise approximation), the interruption of the RF path due to changing the imposed attenuation shall be as short as possible according to the employed equipment and shall be stated in the measurement report.

For a metric or sub-metric to be considered independent of the employed speed at which the imposed attenuation is changed, reported results shall be the same within a given accuracy for v1 and v2. Otherwise, the metric or sub-metric shall be considered dependent on the velocity at which the imposed attenuation changes.
1.4.1.2 Modifiers

The baseline setup may be modified as follows to enable additional trials to be performed for tests using this methodology. Only one variation should be tested at a time.

Modifies include:
· the sweep function,

· speed at which the imposed attenuation is changed

If the sweep function is changed, the baseline configuration shall be extended by all employed sweep functions.
1.4.2 Test Conditions

This methodology describes a test environment and as such does not have a particular test condition. Other test conditions can be applied in addition to the test environment suggested.

1.4.3 Procedure

1.4.3.1 Preparation of Environment

Each device shall be placed in a separate shielded enclosure. The communication test signal shall be propagated via the conducted test environment only. Variable attenuators may be placed in the transmission path of the communication test signal.

Measurement point(s) may be inserted in order to monitor the communication test signal, interference test signal, internal interference signal, or RF test signal.

1.4.3.2 Calibrating Environment

The variable attenuators shall be calibrated. The calibration shall assure an imposed attenuation according to the specified sweep function. Besides, the imposed attenuation and its variation during the test, i.e. the speed at which the attenuation is changed at any given test time, shall be reproducible in time and location.
1.4.3.4 Measuring Performance 

The attenuation imposed by the variable attenuators should be monitored during the test. Additional measurements may be performed according to the measured metric or sub-metric.

1.4.4 Reported Results

This section outlines a methodology and therefore does not have traditional results to report. Reported results should include all required measurements according to the baseline configuration as defined in 1.4.1.1.

1.4.4.1 Special Reporting Requirements

Reported results of tests employing this methodology shall specify for each experiment
· min. imposed attenuation

· max. imposed attenuation

· the sweep time

· the used sweep function 

· the attenuation imposed on the communication test signal between the DUT and “reference AP” at any given time during the experiment

· the time by which the RF path is interrupted due to changing the imposed attenuation

If attenuation linear in dB is approximated by a stepwise change of the imposed attenuation, the following parameters shall be included in the report:

· attenuation step size

· time interval over which the imposed attenuation is kept constant

References:

 [1]
Marc Emmelmann. Velocity Effects on RSM-Based Handover Decision. IEEE 802.11-05/233r03, March 2005.

[2]
Marc Emmelmann. "Influence of Velocity on the Handover Delay associated with a Radio-Signal-Measurement-based Handover Decision". In Proc. of IEEE Vehicular Technology Conference (VTC 2005 Fall), Dallas, TX, USA, September 2005.

[3]
Marc Emmelmann. "Influence of Velocity on the Handover Delay associated with a Radio-Signal- Measurement-based Handover Decision", Technical Report TKN-05-003, Telecommunication Networks Group, Technische Universität Berlin, Berlin, Germany, April 2005.

[4]
N. Zhang and J. Holtzmann, “Analyis of Handoff Algorithms using both absolute and relative measurements,” Vehicular Technology, IEEE Trans. on, vol 45, no 11, pp. 174-179, February 1996.

[5]
M. Zonoozi and P. Dassanayake, “Handover delay in cellular systems,” in Proc. of Personal Wireless Communications, 1997. IEEE International Conference on, pp. 24-27, Mumbai, India, December 17-19, 1997.
[6]
Craig Warren and Charles Wright. Performance Testing of Diversity for 802.1. IEEE 802.11-05/0194r00, March 2005.

[7]
Charles Wright and Chris Polenac. Metrics for Characterizing BSS Transition Time Performance. IEEE 802.11-04/0989r01, April 2004.

[8]
Charles Wright. Test Methodology for Measuring BSS Transition Time. IEEE 802.11-05/0537r0, July 2005.

[9]
P802.11.2-D0.1 - Draft Recommended Practice for the Evaluation of 802.11 Wireless Performance

[10]
TGT Conductive Test Environment and Metrics, Draft Text Proposal (doc. 05/0660r0)

[11]
TGT Conductive Test Environment and Metrics, Draft Presentation (doc. 05/0661r0)

Abstract


This document provides a methodology for employing variable attenuators in a conducted test environment. The purpose of this document is to define a procedure that will result in repeatable, reliable, and comparable measurement results. This methodology shall be applied for tests using a conducted environment whenever the attenuation of the communication channel is varied while measuring metrics and sub-metrics. All text presented is to be inserted by the editor into the appropriate section TGT recommended practice document allowing editorial changes.
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