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1 TGT Conductive Test Environment

1.1 Purposes

The purpose of this test environment is:

· Provide good control of test parameters

· Provide good visibility of test results

· Minimize an impact of extraneous signals

· Guarantee high repeatability of test results (+/-3%) – over-time and location.

· Model real-life experience; for example, TPT vs. Attenuation in conductive controlled test environment correlates with TPT vs. range in LOS.

This section describes the typical test setup and major building blocks for this test environment.

1.2 Typical Test Setup Configuration

The general setup comprises DUT and the wireless counterpart (WLCP). DUT may be any wireless 802.11 device (AP or STA) that includes relevant SW running on the specific platform. WLCP may be a reference AP or a reference STA depending on test objective. 

DUT and WLCP are connected by conductive RF cables via the main controllable attenuator. Both DUT and WLCP are isolated by a shielded enclosure. Each antenna port is connected to the main RF cable via a combiner (splitter). 

The RF signal level for each antenna may be controlled by additional controllable attenuators before a combiner. 

The Power Meter Devices are connected to both sides of RF cable in order to measure the TX power of RF signal from DUT and WLCP for each packet.

The 802.11 traffic analyzer is connected to both sides of the main attenuator through one-way couplers in order to gather 802.11 traffic. 

The Wired Traffic Generator to generate data traffic from DUT to WLCP and from WLCP to DUT on top of layer 2.

The Wired Traffic Analyzer to gather delivered data payload over time through wired interface on top of layer 2.

The Test Controller is connected to DUT and WLCP by wired LAN cables. The additional control cables are connected to attenuators and power meter devices.

The test controller includes the following capabilities (automated and controlled by a dedicated SW):

· The ability to control TX rates and TX power of WLCP and DUT

· The ability to control power meters.

· The ability to control attenuators

· The ability to control Wired Traffic Analyzer

· The ability to control Wired Traffic Generator.

· The ability to control 802.11 Traffic Analyzer

The following picture describes this setup.
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Figure 1: Typical Conductive Controlled Setup

As seen above, the wired and RF interfaces of the DUT are connected to traffic generators and analyzers capable of generating and gathering 802.11 traffic at the desired attenuation. 

The whole system shall be properly isolated from external interference and other unwanted signals.

Prior to beginning the specific test, the test equipment described above shall be calibrated, taking into account losses due to cables, couplers, etc. All test software shall be verified. The test setup may be monitored during the test to ensure that the test conditions do not change unintentionally.

1.3 Variations of test setups

Variations of test setups may be created on top of above described setup using the same test equipment. The actual setup depends on the test objective. I will give just few examples:

· Few DUTs may work together (bandwidth sharing test)

· Few WLCPs may be used together, some of them, for example, to generate internal interference signals (ACI, Roaming)

· Different RF cables with different length controlled by attenuators may simulate multi-path 

2 Throughput vs. attenuation metric
2.1 Introduction and Purpose

The purpose of this test is to determine the throughput of DUT vs. different attenuation (which implies different RX Power of the signal, measured at the antenna connector of DUT), when handling unicast WLAN data frames that are confined to the wireless medium.

This test is applicable for wireless clients and provides the basic measure of their ability to transmit and receive frames without loss across their wireless interface. This test is applicable to IBSS (Independent BSS) as well as infrastructure BSS client configurations.  If an IBSS client is being tested, the results determine the ability of the client to exchange data traffic with another IBSS client.  In infrastructure mode, the results determine the ability of the client to exchange data with an Access Point.

The setup comprises DUT and the wireless counterpart (WLCP is the reference AP for BSS or the reference client for IBSS). DUT and WLCP are connected by conducted cables via controllable attenuator; both DUT and WLCP are isolated by a shielded enclosure. The test controller is connected to DUT, WLCP and the attenuator for purposes of traffic generation, analysis and the control of RX Power using attenuation. The required metric is the average data payload successfully transferred during 1 second from/to MAC SAP of DUT to/from MAC SAP of WLCP for specific attenuation (RX Power) of DUT.  The following additional metrics may be measured – the retry rate and the non-acked rate.

2.2 Test Configuration

2.2.1 Resource Requirements

The following equipment is required to carry out this test:

· Wireless counterpart (WLCP) is the reference AP for BSS or the reference client for IBSS. DUT is capable to associate with WLCP.   

· Wired Traffic Generator capable to generate data traffic from DUT to WLCP and from WLCP to DUT on top of layer 2.

· Wired Traffic Analyzer to gather delivered data payload over time through wired interface on top of layer 2.

· 802.11 Traffic Analyzer to gather 802.11 traffic in order to recognize and to count retry and not-acked packets through wireless interface

· The Power Meter Device is connected to WLCP side of RF cable in order to measure the average TX power of RF signal from WLCP for each packet.

· The controllable Attenuator

· Test controller includes the following capabilities (automated and controlled by a dedicated SW):

· The ability to control TX rates and TX power of WLCP and DUT

· The ability to control the power meter.

· The ability to control the attenuator

· The ability to control Wired Traffic Analyzer

· The ability to control Wired Traffic Generator.

· The ability to control 802.11 Traffic Analyzer

· Two shielded enclosures for DUT and WLCP (each min 85dB isolation)
· Two calibrated combiners for antenna conductive connection

The following picture describes the setup:
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Figure 2: Conductive Controlled Setup for Throughput vs. Attenuation measurement
As seen above, the wired and wireless interfaces of the DUT are connected to traffic generators and analyzers capable of generating and measuring unicast traffic at the desired attenuation. The whole system is suitably isolated from external interference and other unwanted signals.

2.2.2 Permissible Error Margins and Reliability of Test

Prior to beginning the test, the test equipment described above shall be calibrated, and all test software verified. The test setup may be monitored during the test to ensure that the test conditions do not change.

The expected error margins for the test results are +/- 3% of the TPT measured for a specific attenuation.

2.3 Approach

2.3.1 Configuration Parameters

This sub-clause provides a list of DUT setup parameters applicable to this test.

2.3.1.1 Baseline Configuration

The baseline DUT setup that should be configured measured and reported whenever this test is performed is as follows:

· Maximum transmit power setting for DUT and WLCP.

· RTS threshold set to maximum MAC frame size.

· Fragmentation threshold set to maximum MAC frame size.

· MAC QoS and service priority disabled.

· No security (Open System)

· No Power Management (Active Mode)
· Disable periodical scanning if possible

2.3.1.2 Modifiers

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

· Transmit power settings: 25%, 50% and 75% of maximum.

· RTS threshold: 256, 512, 1024, 1528 and 2048 bytes.

· Fragmentation threshold: 256, 512, 1024, 1528 and 2048 bytes.

· MAC QoS and service priority enabled.

· Security usage: WEP-40, WEP-104, TKIP, CCMP

· PS mode

2.3.1.3 Test Parameters

The test parameters used while performing this test are as follows:

· Frame sizes used in test traffic: (128, 256, 512, 1024, 1528 and 2048)

· Attenuation values – min, max and step (typical 0,100,1 dB)
· Duration of measurement for each attenuation (typical 1 min)
· Traffic directions: either unidirectional to/from DUT, or bidirectional

2.3.2 Procedure

The DUT is first set up according to the baseline configuration, using an initial combination of test parameters, and is associated with WLCP.

Step 0: Attenuation is set current_value=min_value.

Step 1: Test controller generates data traffic higher or equal to maximum theoretical throughput for specific frame sizes during required duration. The WLCP TX power is measured and recorded. The traffic captured by the Wired Traffic Analyzer. The TPT is measured and recorded.  The retry rate and non-ack rate are extracted by 802.11 Traffic Analyzer and recorded. 

Step 2: Attenuation is set current_value+=step_value

Step 3: Steps 1-2 are repeated until current_value>max_value

The measured data are reported as the results for the baseline DUT configuration. Each attenuation value should be translated to DUT RX Power based on measured TX Power of WLCP, cables lost and attenuation values

The results can be summarized in the following table:

	Attenuation (dB)
	Setup_Path_Loss (dB)
	WLCP_TX_Power

(dBm)
	RX_Input_Power = WLCP_TX_Power-Atenuation-Setup_Path_Loss (dBm)
	Average TPT

(MBps)
	Retry Rate (optional)
	Non-acked rate (optional)

	
	
	
	
	
	
	


The measurements are repeated for each combination of frame size and test traffic direction. Each trial represents a different set of test parameters and is reported separately.

After the baseline DUT configuration has been tested, the tester may repeat the process with a new configuration, until the desired number of different DUT configurations has been exercised.

2.3.3 Reported Results

The throughput is computed and reported as the average payload per second of all data frames that were injected to DUT or WLCP through wired interface by Traffic Generator and successfully transmitted, delivered via conductive wireless media and received by WLCP or DUT respectively, and then captured by Wired Traffic Analyzer via wired interface. The only one instance of the specific injected frame is counted on the other side. If the frame was duplicated and few instances were delivered and captured by Wired Traffic analyzer, the first instance only must be counted and rest must be ignored.

The retry rate is measured as the number of packets was retransmitted via wireless interface when each retransmission is counted separately, divided to the number of packets was transmitted at least once. 

The non-acked rate is measured as the number of packets was transmitted but not acked if ack is required, divided to the number of packets was transmitted. For this metric each retransmission is counted separately.

The results should be reported as a table or a graph of throughput vs. attenuation; separate results shall be reported per configuration.

The report shall specify the DUT platform details like manufacturer and type, BIOS, OS, WLAN driver etc.

3 TX Rate Adaptation
3.1 Introduction and Purpose

The purpose of this test is to determine the ability of DUT to select the TX rate that is the most efficient for current link condition (see [‎6]). This test is based on the previously defined TPT vs Attenuation test.

This test is applicable for wireless clients in IBSS (Independent BSS) as well as infrastructure BSS client configurations.  If an IBSS client is being tested, the results determine the ability of the client to select the best TX rate exchanging data traffic with another IBSS client.  In infrastructure mode, the results determine the ability of the client to select the best TX rate exchanging data with an Access Point.

The general setup comprises DUT and the wireless counterpart (WLCP is the reference AP for BSS or the reference client for IBSS). DUT and WLCP are connected by conducted cables via controllable attenuator; both DUT and WLCP are isolated by a shielded enclosure. The test controller is connected to DUT, WLCP and the attenuator for purposes of traffic generation, analysis and the control of RX Power using attenuation. 

3.2 Test Configuration

3.2.1 Resource Requirements

The following equipment is required to carry out this test:

· Wireless counterpart (WLCP) is the reference AP for BSS or the reference client for IBSS. DUT is capable to associate with WLCP.   

· Wired Traffic Generator capable to generate data traffic from DUT to WLCP and from WLCP to DUT on top of layer 2.

· Wired Traffic Analyzer to gather delivered data payload over time through wired interface on top of layer 2.

· The Power Meter Device is connected to RF cable on WLCP side in order to measure the average TX power of RF signal from WLCP for each packet.

· The controllable Attenuator

· Test controller includes the following capabilities (automated and controlled by a dedicated SW):

· The ability to control TX rates and TX power of WLCP and DUT

· The ability to control the power meter.

· The ability to control an attenuator

· The ability to control Wired Traffic Analyzer

· The ability to control Wired Traffic Generator.

· Two shielded enclosures for DUT and WLCP (each min 85dB isolation)
· Two calibrated combiners for antenna conductive connection

The following picture describes the setup:
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Figure 3: Conductive Controlled Setup for Rate Adaptation measurement
As seen above, the wired and wireless interfaces of the DUT are connected to traffic generators and analyzers capable of generating and measuring unicast traffic at the desired attenuation. The whole system is suitably isolated from external interference and other unwanted signals.

3.2.2 Special capabilities

There is the requirement to enforce DUT transmit 802.11 data frames on the specific rate. One option is to request the special interface from DUT. The second option is to restrict supported rate set by WLCP.
3.2.3 Permissible Error Margins and Reliability of Test

Prior to beginning the test, the test equipment described above shall be calibrated, and all test software verified. The test setup may be monitored during the test to ensure that the test conditions do not change.

The expected error margins for the test results are +/- 3% of the TPT measured for a specific attenuation.

3.3 Approach

3.3.1 Configuration Parameters

This sub-clause provides a list of DUT setup parameters applicable to this test.

3.3.1.1 Baseline Configuration

The baseline DUT setup that should be configured measured and reported whenever this test is performed is as follows:

· Maximum transmit power setting for DUT and WLCP.

· RTS threshold set to maximum MAC frame size.

· Fragmentation threshold set to maximum MAC frame size.

· MAC QoS and service priority disabled.

· No security (Open System)

· No Power Management (Active Mode) 

· Wireless traffic direction – from DUT to WLCP

3.3.1.2 Modifiers

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

· Transmit power settings: 25%, 50% and 75% of maximum.

· RTS threshold: 256, 512, 1024, 1528 and 2048 bytes.

· Fragmentation threshold: 256, 512, 1024, 1528 and 2048 bytes.

· MAC QoS and service priority enabled.

· Security usage: WEP-40, WEP-104, TKIP, CCMP

· PS mode

3.3.1.3 Test Parameters

The test parameters used while performing this test are as follows:

· Frame sizes used in test traffic: (128, 256, 512, 1024, 1528 and 2048)

· Attenuation values – min, max and step

· Duration of measurement for each attenuation

3.3.2 Procedure

3.3.2.1 Metric definition
The average data payload successfully transferred during 1 second from MAC SAP of DUT to MAC SAP of WLCP for specific attenuation (RX Power Level) of DUT is already defined as the metric of TPT. The TPT measured using automatic TX rate selection for specific attenuation (RX Power Level) is ActualTPT (RxPowerLevel). The maximum of TPT results achieved for the specific attenuation (RX Power) using fixed TX rates is BestTPT(RxPowerLevel).  

The Efficiency (RxPowerLevel) is the metric for specific attenuation 
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The AverageEfficiency is the metric for the certain RX Power Level range with n points of measurements.
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3.3.2.2 Measurement procedure
The DUT is first set up according to the baseline configuration, using an initial combination of test parameters, and is associated with WLCP.

Step 0: Test controller generates data traffic higher or equal to maximum theoretical throughput for specific frame sizes.  The WLCP TX power shall be recorded. The attenuation is changed, and the measurements are recorded for different attenuation values.  This is reported as the result of the ActualTPT for baseline DUT configuration. 

Step 1: The DUT is enforced to transmit 802.11 data frames on the specific rate; then the measurement is repeated as in.  This is reported as the result of the fixed TX rate TPT for baseline DUT configuration.

Step 2: The step 1 is repeated for each relevant fixed rate. The BestTPT (the maximum TPT achieved using different fixed rates) is calculated for each attenuation point for baseline DUT 

Step 4: Efficiency (RxPowerLevel) = ActualTPT/BestTPT is calculated for each attenuation point. This is the TX Rate adaptation metric for baseline DUT

The measurements are repeated for each frame size. Each trial represents a different set of test parameters and is reported separately.

The results can be summarized in the following table:

	Attenuation (dB)
	RX Power Level (dBm)
	ActualTPT  (MBps)
	Fixed rate TPT (MBps)
	BestTPT (MBps)
	Efficiency = ActualTPT/ BestTPT 

	
	
	
	TxRate#1
	…
	TxRate#n
	
	

	
	
	
	
	
	
	
	


After the baseline DUT configuration has been tested, the tester may repeat the process with a new configuration, until the desired number of different DUT configurations has been exercised.

3.3.3 Reported Results

The results should be reported as a table or a graph of Efficiency(RxPowerLevel); separate results shall be reported per configuration. 

The Average Efficiency should be calculated and reported for short range (above --35dBm), mid range (between -35dBm and -65dBm inclusive), and far range (below -65dBm till -85dBm) 
The report shall specify the DUT platform details like manufacturer and type, BIOS, OS, WLAN driver etc.

4  Antenna Diversity
4.1 Introduction and Purpose

The purpose of this test is to determine how the changing of RF signal power for single MAIN and AUX antennas impacts performance of DUT (see [‎5]). This test is based on the previously defined TPT vs Attenuation test.
The test provides the basic measure of an ability of DUTs to select the optimal antenna when input RX power for each antenna is changing over time.

The general setup comprises DUT and the wireless counterpart (WLCP is the reference AP for BSS or the reference client for IBSS). DUT and WLCP are connected by conducted cables via controllable attenuator; both DUT and WLCP are isolated by a shielded enclosure. The additional two attenuators are used to control MAIN and AUX antenna ports. The test controller is connected to DUT, WLCP and the attenuators for purposes of traffic generation, analysis and the control of RX Power using attenuation. 

The expectation is that DUT selects the antenna with better RX Power and TPT will not be impacted.

The differences between TPT achieved when both antenna has same high RX Power, and when one antenna has less RX Power, is the required metric of diversity.

4.2 Test Configuration

4.2.1 Resource Requirements

The following equipment is required to carry out this test:

· Wireless counterpart (WLCP) is the reference AP for BSS or the reference client for IBSS. DUT is capable to associate with WLCP.   

· Wired Traffic Generator capable to generate data traffic from DUT to WLCP and from WLCP to DUT on top of layer 2.

· Wired Traffic Analyzer to gather delivered data payload over time through wired interface on top of layer 2.

· The Power Meter Devices are connected to the WLCP side of RF cable in order to measure the TX power of RF signal from WLCP for each packet.

· Controllable Attenuators – major and two more for each antenna connector

· Test controller includes the following capabilities (automated and controlled by a dedicated SW):

· The ability to control TX rates and TX power of WLCP and DUT

· The ability to control power meters.

· The ability to control attenuators

· The ability to control Wired Traffic Analyzer

· The ability to control Wired Traffic Generator.

· Two shielded enclosures for DUT and WLCP (each min 85dB isolation)
· Two calibrated combiners for antenna conductive connection

The following picture describes the setup:
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Figure 4: Conductive Controlled Setup for Antenna Diversity measurement
As seen above, the wired and wireless interfaces of the DUT are connected to traffic generators and analyzers capable of generating and measuring unicast traffic at the desired attenuation for each antenna. The whole system is suitably isolated from external interference and other unwanted signals.

4.2.2 Permissible Error Margins and Reliability of Test

Prior to beginning the test, the test equipment described above shall be calibrated, and all test software verified. The test setup may be monitored during the test to ensure that the test conditions do not change.

The expected error margins for the test results are +/- 3% of the TPT measured for a specific attenuation.

4.3 Approach

4.3.1 Configuration Parameters

This sub-clause provides a list of DUT setup parameters applicable to this test.

4.3.1.1 Baseline Configuration

The baseline DUT setup that should be configured measured and reported whenever this test is performed is as follows:

· Maximum transmit power setting for DUT and WLCP.

· RTS threshold set to maximum MAC frame size.

· Fragmentation threshold set to maximum MAC frame size.

· MAC QoS and service priority disabled.

· Security settings – Open System

· Main attenuation – 40dB

· Antennas attenuations – 0dB each

4.3.1.2 Modifiers

There are no variations of baseline parameters during the test.

4.3.1.3 Test Parameters

The test parameters used while performing this test are as follows; only one variation should be tested at a time:

· Frame sizes used in test traffic: (256, 512, 1024, 1528 and 2048)

· Dwell time (10, 30, 60 sec)

· Transition time (1sec, 3sec, 5sec, 10 sec)

· Minimum attenuation (maximum RF input power) for each antenna (-50dBm, -60dBm, -70dBm)

· Maximum attenuation (minimum RF input power) for each antenna (-80dBm, -90dBm, -100dBm)

· Traffic directions: from WLCP to DUT (receive) or from DUT to WLCP(transmit)

4.3.2 Procedure

The DUT is first set up according to the baseline configuration, using an initial combination of test parameters.  Test controller generates data traffic higher or equal to maximum theoretical throughput for specific frame sizes.  The WLCP TX power is measured by the power meter to estimate RX input power for each antenna with cable lost, the value of the main attenuator and the value of each antenna attenuator. 
The TPT is measured and reported as is described in 2.3.3.
The diversity testing is used as a check to ensure that the Main and Aux antenna ports ( A and B) are well balanced and will not impact performance. The TPT measurement shall be done for different combinations of antenna attenuations as described below.
Step 0: Set the attenuation for both antennas A and B to the maximum power at the beginning of the test

Step 1: Keep the attenuation of antennas A and B unchanged during the Dwell time; measure TPT. 

Step 2: Increase the attenuation of antenna B reduced gradually to the minimum power during the Transition time, measure TPT

Step 3: Keep the attenuation of antenna B on the minimum power during the Dwell time; measure TPT.

Step 4: Reduce the attenuation of antenna B to the maximum power during the Transition time; measure TPT.

Step 5: Set the attenuation for both antennas A and B to the maximum power at the beginning of the test and keep unchanged during the Dwell time; measure TPT. 

Step 6: Increase the attenuation of antenna A gradually to the minimum power during the Transition time; measure TPT.

Step 7: Keep the attenuation of antenna A on the minimum power during the Dwell time; measure TPT.

Step 8: Reduce the attenuation of antenna A to the maximum power during the Transition time; measure TPT.

The measurement scheme is illustrated in Figure 5 and Figure 6.
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Figure 5: Diversity measurement scheme steps 0-4
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Figure 6: Diversity measurement scheme steps 5-8

The results should be recorded in the following table

	Step
	Description
	Time
	TPT measured
	Comments

	0
	A=B=maximum
	0
	N/A
	Initial setting

	1
	A=B=maximum
	Dwell
	
	

	2
	A=maximum, B-> minimum
	Transition
	
	

	3
	A=maximum, B=minimum
	Dwell
	
	

	4
	A=maximum, B->maximum
	Transition
	
	

	5
	B=A=maximum
	Dwell
	
	

	6
	A->minimum, B=maximum
	Transition
	
	

	7
	A=minimum, B=maximum
	Dwell
	
	

	8
	A->maximum, B=maximum
	Transition
	
	


The measurements shall be repeated for each combination of test parameters.

4.3.3 Reported Results

The actual values of test parameters are reported. The TPT is reported in tables relevant for each set of parameters. 
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Abstract


This document introduces the description of Conductive Controlled Test Environment and few specific metrics as a part of Recommended Practice for the Evaluation of 802.11 Wireless Performance. It is being provided to the 802.11T task group as draft text in conjunction with a companion presentation.
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