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1  Definition from TGT draft P802.11.2-D0.1
· Controlled test environment: Any test environment where the circumstances and conditions surrounding or influencing the DUT/SUT are controlled to provide a known level of uncertainty.

· Extraneous signal: Any signal external to the test setup.

· Indoor LOS test environment: An indoor test environment with a LOS channel between the device under test and the device emitting the RF test signal.
· Indoor NLOS test environment: An indoor test environment with a NLOS channel between the device under test and the device emitting the RF test signal.

· Indoor test environment: An over-the-air test environment representing indoor usage of the WLAN.

· Line of sight (LOS) channel: A channel between two devices in which there is an unobstructed path between the two devices.  This channel is usually modelled using Ricean statistics.
· Non-line of sight (NLOS) channel: A channel between two devices in which there is not an unobstructed path between the two devices.  This channel is usually modelled using Rayleigh statistics.
· Outdoor LOS test environment: An outdoor test environment with a LOS channel between the device under test and the device emitting the RF test signal.
· Outdoor test environment: An over-the-air test environment representing outdoor usage of the WLAN.

· Over-the-air (OTA) test environment: A test environment in which the RF test signals propagate through the air to and from the antenna of the DUT. 
· Test environment: The set of external physical circumstances and conditions surrounding or influencing the wireless performance of the 802.11 DUT/SUT.

2   Over-the-Air Outdoor LOS Environment
2.1 Purpose
Provide a test environment with minimal multi-path fading effects and penetration losses for a repeatable performance test over time and location using complete systems.
This section describes typical test setup, test equipment, and test parameters relevant for OTA outdoor LOS test environment.

2.2 Typical Test Setup Configuration
The general setup comprises a 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. The WLCP is placed on a test stand and the STA on a motorized turntable on top of a test station cart. A wired traffic generator is used to generate data traffic from the WLCP to STA on top of layer 2. 

The outdoor range shall meet the following requirements:

· No barriers between the DUT and WLCP which may attenuate the signal.

· No obstacles in the vicinity that may cause signal reflections. Vicinity refers to obstructions or reflectors within 50 meters of the DUT-WLCP line of sight. 

· A flat test area with a linear distance of approximately 300 meters.
· No extraneous signal in the test environment. A spectrum analyzer can be used to ensure no active interference.

Figure 1 shows this setup.
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Figure 1:  Typical Outdoor LOS Setup

The following table describes the test parameters relevant to this environment and their corresponding values.
Table 1:  Outdoor LOS Test Parameters

	No.
	Test Parameter
	Requirement
	Illustration

	1
	DUT test height
	DUT shall be positioned parallel to and 80cm +/- 1cm from the floor as measured from the floor surface to the base of the device.  

· This requirement is intended to approximate a “typical” use height
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	2
	DUT lid/LCD angle
	DUTs’ lid/LCD shall be positioned such that they are at 120 degrees +/- 1 degree relative to a level floor.  

· This requirement is intended to approximate a nominal LCD viewing angle.
· An inclinometer, other angle measurement device, and/or a test jig shall be utilized to ensure this requirement.  

· This requirement is N/A for devices whose 802.11 antennae are not in the lid/LCD or base- mounted such as those with cardbus/PCMIA adapters with integrated antennae or 802.11 configurations with external antennae.
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	3
	DUT X-Y placement accuracy
	DUT shall be placed in test locations such that this positioning is repeatable run-to-run/day-to-day within an area represented by a circle centred at the intended test point and with a radius of 1.5cm for 2.4Ghz testing and 0.75cm for 5Ghz testing as measured from a consistent reference point on the DUT base (e.g., back left hand corner).  

· This requirement is intended to keep DUTs’ positioned within less than ¼ wave length run-to-run/day-to-day as one of the factors necessary in presenting a consistent multi-path condition to the device.

· Location marking, fixturing, or some other robust method shall be utilized to ensure this requirement.
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	4
	DUT spinning
	At all test locations which the DUT is > 3 meters from the WLCP, the DUT shall be spun clock-wise about its geometric center point at a fixed rate (1 – 10 rpms) within a run accuracy of +/- 10%.

· This requirement is intended to track any fading or antenna angle effects.
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	5
	WLCP test height and antennae orientation
	Access Points used for performance testing shall be placed such that their antennae are pointing up (straight) and perpendicular to the floor with the base of the antennae at a fixed height (e.g. 150cm +/-2) above the floor.
· This requirement is intended to define a consistent antennae orientation and the WLCP Manufacturers recommendation of “mount the WLCP as high as possible”.

· Fixturing is recommended to provide consistent WLCP placement.
	
[image: image5.emf]AP with Rabbit 

Ears 

AP with Paddle 

Antenna

150cm +/-2



	6
	Distance between DUT and WLCP
	Maximal distance of 300 meters test area marked at x meters increments (0m, 25m, 50m, etc.)

· This requirement is intended so that throughput measurements can be easily made at repeatable locations
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	7
	In-Band noise
	Except for cases of specific noise rejection and adjacent channel interference testing, all performance testing shall be performed with in-band noise <= -100 dBm from any 802.11 or non-802.11 source over the entire range.

· This requirement is intended to provide in-band quiet RF environment for the DUT.  It should be noted that out-of-band RF sources are acceptable to allow for such things as simultaneous 802.11a and 802.11b/g testing.

· Active monitoring using a spectrum analyzer or other device shall be employed prior to testing and, to the extent possible during testing to ensure this requirement is met.
	

	8
	Consistent test equipment environment
	All test equipment (e.g., WLCPs, DUT platforms, etc.) shall remain identical run-to run for a given test in terms of the physical devices as well as their “soft” attributes, including but not limit to:

· Firmware

· Drivers

· O/S images

· Configuration/Setting

· The intent of this requirement is to provide a consistent test condition run-to-run/day-after-day for a given test as a means to ensure data comparability.
	

	9
	Climate
	There is no climate criteria established for outdoor testing although air temperature and relative humidity shall be recorded.

· The intent of this requirement is to establish a baseline criteria for the purpose of consistency
	

	10
	Test range lock-down
	During testing, people on the test range shall be kept to a minimum and no person shall be within 50 meters from the line of sight between the DUT and WLCP

· The intent of this requirement is to maintain a consistent multi-path environment for the DUT/WLCP at any given test location by fixing the position of any RF reflecting or absorbing objects.
	


3   Over the Air Indoor NLOS Environment

3.1 Purpose
Provide close to typical indoor user test environment with multi-path fading effects and penetration losses for a repeatable performance test over time and location.

This section describes typical test setup, test equipment, and test parameters relevant for OTA indoor NLOS test environment.

3.2 Typical Test Setup Configuration
The general setup comprises a 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. The WLCP is placed on a test stand/wall mounted and the STA on a motorized turntable on top of a test station cart. A wired traffic generator is used to generate data traffic from the WLCP to STA on top of layer 2. 

The indoor NLOS range shall meet the following requirements:

· Enterprise - Unoccupied floor of an office building with a combination of wood/metal framing, and window glass with no active WLAN devices other than DUT/WLCP.

· Home - Unoccupied home with a combination of metal framing, cubicle walls, and window glass with no active WLAN devices other than DUT/WLCP.

· Test locations chosen should provide a wide range of signal quality and throughput capabilities based on signal strength and multi-path delay characterization of the facility.

· No extraneous signal in the test environment. A spectrum analyzer can be used to ensure no active interference

Figure 2. illustrates this setup.
The following table describes the test parameters relevant to this environment and their corresponding values.
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Figure 2: Typical Indoor NLOS Setup
Table 2:  Indoor NLOS Test Parameters
	No.
	Test Parameters
	Requirement
	Illustration

	1
	DUT test height
	DUT shall be positioned parallel to and 80cm +/- 1cm from the floor as measured from the floor surface to the base of the device.  

· This requirement is intended to approximate a “typical” use height
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	2
	DUT lid/LCD angle
	DUTs’ lids/LCDs shall be positioned such that they are at 120 degrees +/- 1 degree relative to a level floor.  

· This requirement is intended to approximate a nominal LCD viewing angle.

· An inclinometer, other angle measurement device, and/or a test jig shall be utilized to ensure this requirement.  

· This requirement is N/A for devices whose 802.11 antennae are not in the lid/LCD or base- mounted such as those with cardbus/PCMIA adapters with integrated antennae or 802.11 configurations with external antennae.
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	3
	DUT X-Y placement accuracy
	DUT shall be placed in test locations such that this positioning is repeatable run-to-run/day-to-day within an area represented by a circle centered at the intended test point and with a radius of 1.5cm for 2.4Ghz testing and 0.75cm for 5Ghz testing as measured from a consistent reference point on the DUT base (e.g., back left hand corner). 

· This requirement is intended to keep DUTs positioned within less than ¼ wave length run-to-run/day-to-day as one of the factors necessary in presenting a consistent multi-path condition to the device. 

· Location marking, fixturing, or some other robust method shall be utilized to ensure this requirement
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	4
	DUT spinning
	At all test locations which the DUT is > 3 meters from the WLCP, the DUT shall be spun clock-wise about its geometric center point at a fixed rate (1 – 10 rpms) within a run accuracy of +/- 10%.

· This requirement is intended to track any fading or antenna angle effects.
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	5
	WLCP test height and antennae orientation
	Access Points used for performance testing shall be placed such that their antennae are pointing up and perpendicular to the floor with the base of the antennae at a fixed height (e.g. 275cm +/-2) above the floor.  
· This requirement is intended to define a consistent antennae orientation and the WLCP Manufacturers recommendation of “mount the WLCP as high as possible”.

· Fixturing is recommended to provide consistent WLCP placement
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	6
	Location of DUT and WLCP
	Locations gradually away from the WLCP with varying number of obstructions should be chosen

· Signal strength reported by the DUT can be used to identify suitable locations for testing

· This requirement is intended so that performance measurements can be easily made at repeatable locations
	

	7
	In-Band noise
	Except for cases of specific noise rejection and adjacent channel interference testing, all performance testing shall be performed with in-band noise <= -100 dBm from any 802.11 or non-802.11 source over the range.  

· This requirement is intended to provide in-band quiet RF environment for the DUT.  It should be noted that out-of-band RF sources are acceptable to allow for such things as simultaneous 802.11a and 802.11b/g testing.

· Active monitoring using a spectrum analyzer or other device shall be employed prior to testing and, to the extent possible during testing to ensure this requirement is met.
	

	8
	Consistent test equipment environment
	All test equipment (e.g., WLCPs, DUT platforms, etc.) shall remain identical run-to run for a given test in terms of the physical devices as well as their “soft” attributes, including but not limit to:

· Firmware

· Drivers

· O/S images

· Configuration/Setting

· The intent of this requirement is to provide a consistent test condition run-to-run/day-after-day for a given test as a means to ensure data comparability.
	

	9
	Climate
	For indoor testing, the climate of the test environment shall be:

· Air Temperature Fixed (e.g. 22°C +/- 2)
· This condition shall be monitored or assured with adequate environmental controls.

· Relative Humidity shall be recorded.
· The intent of this requirement is to establish a baseline criterion for the purpose of consistency.
	

	10
	Test range lock-down
	Elements of the test range including such things as furniture, walls (hard or soft), doors, and window covering shall be held in fixed static positions during testing.

· In cases where items like furniture need to be moved time-to-time, their “test position” shall be marked and they shall be moved to this marked positions prior to the start of any performance testing.
During testing, people on the test range shall be kept to a minimum and no person shall be within 50m from the direct line of connectivity between the DUT and WLCP.
· The intent of these two requirements is to maintain a consistent multi-path environment for the DUT/WLCP at any given test location by fixing the position of any RF reflecting or absorbing objects.
	


4   Over-the-Air Indoor LOS Environment

4.1 Purpose
Provide an indoor test environment with limited penetration losses for a repeatable performance test over time and location using complete systems

This section describes typical test setup, test equipment, and test parameters relevant for OTA indoor LOS test environment.
4.2 Typical Test Setup Configuration
The general setup comprises a 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. The WLCP is placed on a test stand/wall mounted and the STA on a motorized turntable on top of a test station cart. A wired traffic generator is used to generate data traffic from the WLCP to STA on top of layer 2. 

The indoor LOS range shall meet the following requirements:

· Unoccupied floor of an office building with no barriers between the DUT and WLCP which may attenuate the signal and no active WLAN devices other then DUT/WLCP

· No obstacles in the vicinity that may cause signal reflections. Vicinity refers to obstructions or reflectors within DUT-WLCP line of sight.

· A flat test area with a linear distance of approximately 70 meters 

· No extraneous signal in the test environment. A spectrum analyzer can be used to ensure no active interference

Figure 3 shows this setup.
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Figure 3:  Typical Indoor LOS Setup

The following table describes the test parameters relevant to this environment and their corresponding values.

Table 3:  Indoor LOS Test Parameters

	No.
	Test Parameters
	Requirement
	Illustration

	1
	DUT test height
	DUT shall be positioned parallel to and 80cm +/- 1cm from the floor as measured from the floor surface to the base of the device.  

· This requirement is intended to approximate a “typical” use height
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	2
	DUT lid/LCD angle
	DUTs’ lids/LCDs shall be positioned such that they are at 120 degrees +/- 1 degree relative to a level floor.  

· This requirement is intended to approximate a nominal LCD viewing angle.

· An inclinometer, other angle measurement device, and/or a test jig shall be utilized to ensure this requirement.  

· This requirement is N/A for devices whose 802.11 antennae are not in the lid/LCD or base- mounted such as those with cardbus/PCMIA adapters with integrated antennae or 802.11 configurations with external antennae.
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	3
	DUT X-Y placement accuracy
	DUT shall be placed in test locations such that this positioning is repeatable run-to-run/day-to-day within an area represented by a circle centered at the intended test point and with a radius of 1.5cm for 2.4Ghz testing and 0.75cm for 5Ghz testing as measured from a consistent reference point on the DUT base (e.g., back left hand corner). 

· This requirement is intended to keep DUTs positioned within less than ¼ wave length run-to-run/day-to-day as one of the factors necessary in presenting a consistent multi-path condition to the device. 

· Location marking, fixturing, or some other robust method shall be utilized to ensure this requirement
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	4
	DUT spinning
	At all test locations which the DUT is > 3 meters from the WLCP, the DUT shall be spun clock-wise about its geometric center point at a fixed rate (1 – 10 rpms) within a run accuracy of +/- 10%.

· This requirement is intended to track any fading or antenna angle effects.
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	5
	WLCP test height and antennae orientation
	Access Points used for performance testing shall be placed such that their antennae are pointing up and perpendicular to the floor with the base of the antennae at a fixed height (e.g. 275cm +/-2) above the floor.  

· This requirement is intended to define a consistent antennae orientation and the WLCP Manufacturers recommendation of “mount the WLCP as high as possible”.

· Fixturing is recommended to provide consistent WLCP placement
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	6
	Location of DUT and WLCP
	Maximal distance of 70 meters test area marked at x meters increments (0m, 10m, 20m, etc.)

· This requirement is intended so that throughput measurements can be easily made at repeatable locations
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	7
	In-Band noise
	Except for cases of specific noise rejection and adjacent channel interference testing, all performance testing shall be performed with in-band noise <= -100 dBm from any 802.11 or non-802.11 source over the range.  

· This requirement is intended to provide in-band quiet RF environment for the DUT.  It should be noted that out-of-band RF sources are acceptable to allow for such things as simultaneous 802.11a and 802.11b/g testing.

· Active monitoring using a spectrum analyzer or other device shall be employed prior to testing and, to the extent possible during testing to ensure this requirement is met.
	

	8
	Consistent test equipment environment
	All test equipment (e.g., WLCPs, DUT platforms, etc.) shall remain identical run-to run for a given test in terms of the physical devices as well as their “soft” attributes, including but not limit to:

· Firmware

· Drivers

· O/S images

· Configuration/Setting

· The intent of this requirement is to provide a consistent test condition run-to-run/day-after-day for a given test as a means to ensure data comparability.
	

	9
	Climate
	For indoor testing, the climate of the test environment shall be:

· Air Temperature Fixed (e.g. 22°C +/- 2)

· This condition shall be monitored or assured with adequate environmental controls.

· Relative Humidity shall be recorded.

· The intent of this requirement is to establish a baseline criterion for the purpose of consistency.
	

	10
	Test range lock-down
	Elements of the test range including such things as furniture, walls (hard or soft), doors, and window covering shall be held in fixed static positions during testing.

· In cases where items like furniture need to be moved time-to-time, their “test position” shall be marked and they shall be moved to this marked positions prior to the start of any performance testing.

During testing, people on the test range shall be kept to a minimum and no person shall be within 50m from the direct line of connectivity between the DUT and WLCP.

· The intent of these two requirements is to maintain a consistent multi-path environment for the DUT/WLCP at any given test location by fixing the position of any RF reflecting or absorbing objects.
	


5
Over-the-Air Shielded Enclosure Environment
5.1 Purpose
Provide a LOS channel with maximum protection from extraneous signals for a repeatable performance test over time and location using complete 802.11 devices.
This section describes typical test setup, test equipment, and test parameters relevant for OTA shielded enclosure test environment.
5.2 Typical Test Setup Configuration
The general setup comprises a 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. 
The setup comprises DUT and the wireless counterpart (WLCP is the reference AP for BSS or the reference client for IBSS). The WLCP is connected by conducted cables to an external antenna through a controllable attenuator. The WLCP is enclosed in a shielded enclosure to minimize interference from extraneous signals. The external antenna and the DUT are placed in another shielded enclosure to allow LOS transmission of communication test signals from the external antenna to the DUT. 

The shielded enclosure will provide a minimum of 95 dB isolation. A spectrum analyzer can be used to ensure that there is no active interference. As proposed by the Proposal doc.:IEEE802.11-05/0450r0 we will make measurements to provide environment calibration and flat channel characteristics.  
Figure 4 shows this setup.
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Figure 4:  Typical OTA Shielded Enclosure Setup

The following table describes the test parameters relevant to this environment and their corresponding values.

Table 4:  Indoor LOS Test Parameters

	No.
	Test Parameters
	Requirement
	Illustration

	1
	DUT test height
	Client shall be positioned parallel to and 80cm +/- 1cm from the floor as measured from the floor surface to the base of the device.  

· This requirement is intended to approximate a “typical” use height

· This height may vary depending on the construction of the shielded enclosure. It must be ensured that the DUT lies in the quiet zone of the shielded enclosure
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	2
	DUT lid/LCD angle
	Clients’ lids/LCDs shall be positioned such that they are at 120 degrees +/- 1 degree relative to a level floor.  

· This requirement is intended to approximate a nominal LCD viewing angle.

· An inclinometer, other angle measurement device, and/or a test jig shall be utilized to ensure this requirement.  
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	3
	DUT X-Y placement accuracy
	Client shall be placed in test locations such that this positioning is repeatable run-to-run/day-to-day within an area represented by a circle centered at the intended test point and with a radius of 1.5cm for 2.4Ghz testing and 0.75cm for 5Ghz testing as measured from a consistent reference point on the DUT base (e.g., back left hand corner). 

· This requirement is intended to keep DUTs positioned within less than ¼ wave length run-to-run/day-to-day as one of the factors necessary in presenting a consistent multi-path condition to the device. 

· Location marking, fixtures, or some other robust method shall be utilized to ensure this requirement
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	4
	DUT spinning
	At all test locations which the UUT is > 0.5 meter from the AP, the UUT shall be spun clock-wise about its geometric center point at a fixed rate (1 – 10 rpms) within a run accuracy of +/- 10%.

· This requirement is intended to track any fading or antenna angle effects.
	


	5
	External Antenna height and orientation
	The external antenna in the shielded enclosure used for performance testing shall be placed such that the antenna is pointing up and perpendicular to the floor with the base of the antennae at a fixed height (e.g. 275cm +/-2) above the floor.  

· This requirement is intended to define a consistent antennae orientation.

· Fixtures are recommended to provide consistent antenna placement

· This requirement would change to antenna pointing downwards if we are trying to simulate the placement of AP on the ceiling.
	

	6
	Location of DUT and external antenna
	The location of the DUT versus external antenna will be carefully calibrated and noted. This distance should not change while the level of attenuation is varied. 
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	7
	In-Band noise
	Except for cases of specific noise rejection and adjacent channel interference testing, all performance testing shall be performed with in-band noise <= -100 dBm from any 802.11 or non-802.11 source over the range.  

· This requirement is intended to provide in-band quiet RF environment for the DUT.  It should be noted that out-of-band RF sources are acceptable to allow for such things as simultaneous 802.11a and 802.11b/g testing.

· Active monitoring using a spectrum analyzer or other device shall be employed prior to testing and, to the extent possible during testing to ensure this requirement is met.
	

	8
	Consistent test equipment environment
	All test equipment (e.g., APs, UUT platforms, etc.) shall remain identical run-to run for a given test in terms of the physical devices as well as their “soft” attributes, including but not limit to:

· Firmware

· Drivers

· O/S images

· Configuration/Setting

· The intent of this requirement is to provide a consistent test condition run-to-run/day-after-day for a given test as a means to ensure data comparability.
	

	9
	Climate
	For indoor testing, the climate of the test environment shall be:

· Air Temperature Fixed (e.g. 22°C +/- 2)

· This condition shall be monitored or assured with adequate environmental controls.

· Relative Humidity shall be recorded.

· The intent of this requirement is to establish a baseline criterion for the purpose of consistency.
	

	
	
	
	


6
OTA Throughput vs. attenuation metric
6.1
Introduction and Purpose

The purpose of this test is to determine the throughput performance of DUT at various values of attenuation (which implies various levels of received power of the communication test signal at the DUT) in an OTA shielded enclosure test enclosure, when handling unicast WLAN data frames. The attenuation is used to reduce the received power of the communication test signal at the DUT. So this test enables us to represent the throughput versus range performance in a real-life scenario. 

This test is applicable for wireless clients and provides the basic measure of their ability to transmit and receive data 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.

This test is also applicable for comparing the performance of different wireless APs (for BSS), or different wireless clients (for IBSS), if the same reference DUT is used for the tests.

The setup comprises DUT and the wireless counterpart (WLCP is the reference AP for BSS or the reference client for IBSS). The WLCP is connected by conducted cables to an external antenna through a controllable attenuator. The WLCP is enclosed in a shielded enclosure to minimize interference from extraneous signals. The external antenna and the DUT are placed in another shielded enclosure to allow LOS transmission of communication test signals from the external antenna to the DUT. 

The communication test signal is generated by the WLCP to measure downlink throughput performance. The communication test signal is generated by the DUT to measure uplink throughput performance. The throughput performance is measured for various levels of attenuation provided by the controllable attenuator. 

6.2 Test Configuration

6.2.1 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 of association with WLCP. The DUT is also able to support the recording of downlink throughput measurements and generation of traffic for uplink throughput measurements.  

· In the case of BSS, a traffic generation device is connected through a wired interface to the WLCP. This traffic generation device is able to generate the traffic for downlink throughput measurements. This traffic generation device is also able to receive the traffic for uplink throughput measurements. 

· In the case of IBSS, the WLCP has the ability to generate and receive the communication test signal for downlink and uplink throughput measurements respectively.  

· Controllable Attenuator 

· Two shielded enclosures for DUT and WLCP

· An antenna with a known gain capable of transmitting the communication test signal to the DUT

· Turn Table for rotating the DUT to incorporate the effect of different antenna radiation patterns across various DUTs.

6.2.2 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 +/- 5% of the throughput measured for a specific attenuation.

6.3 Approach

6.3.1 Configuration Parameters

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

6.3.1.1 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

6.3.1.2 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, 1518 and 2048 bytes.

· Fragmentation threshold: 256, 512, 1024, 1518 and 2048 bytes.

· MAC QoS and service priority enabled.

· Network Protocol used by the data generator: TCP, UDP, etc.

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

· PS mode

6.3.1.3 Test Parameters

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

· Frame sizes used in test traffic: (128, 256, 512, 1024, 1518 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

· Turn table, if available, is operational at a specified speed (revolutions per minute)

6.3.2 Procedure

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

Step 0: Attenuation is set current_value=min_value.

Step 1: Traffic generation device generates data traffic higher or equal to maximum theoretical throughput for specific frame sizes during required duration. The downlink throughput is measured at the DUT and recorded. 

Step 2: DUT generates data traffic higher or equal to maximum theoretical throughput for specific frame sizes during required duration. The uplink throughput is measured at the traffic generation device and recorded. 

Step 3: Attenuation is set current_value+=step_value

Step 4: Steps 1-3 are repeated until current_value>max_value

The measured data is reported as the results for the baseline DUT configuration. 

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.

6.3.3 Reported Results

The results can be summarized in the following table:

	Attenuation (dB)
	Direction of traffic flow (Downlink or uplink)
	Maximum Throughput (Mbps)

(802.11a, b or g)
	Minimum Throughput (Mbps)

(802.11a, b or g)
	Average Throughput

(Mbps)
	Distance between DUT & Antenna (m)
	Setup Path Loss (dB)

	
	
	Optional
	Optional
	
	
	


Each trial represents a different set of test conditions and is reported separately.

The throughput is computed and reported as the data received by the throughput measurement mechanism at the DUT or the traffic generation device. The level of attenuation is reported for each test run along with the direction of data flow during the test run. The maximum, minimum and average throughput over the duration of the test run is reported. Also reported is the distance between the antenna and the DUT. It is understood that this distance should be properly calibrated and remain constant during a set of test runs. The setup path loss is a measure of the loss introduced in the communication path by the addition of cables between the WLCP, controllable attenuator and the external antenna. The Distance between DUT and Antenna; Setup Path Loss; and Attenuation values can be used in correlation to real-life performance using various path loss models. 

The results should be reported as a table or a graph of throughput vs. attenuation; separate results shall be reported per configuration. The exact specifications of the external antenna used in the test setup are also reported as part of each report. The various environmental parameters like turn table speed, DUT height, external antenna height, etc. are also reported. The report also specifies the DUT and traffic generation device details like manufacturer and type, BIOS, OS, WLAN driver etc.

7 OTA Throughput vs. range metric
7.1 Introduction and Purpose

The purpose of this test is to determine the throughput performance of DUT at different ranges in OTA test environments: indoor LOS, indoor non-LOS as well as outdoor LOS, when handling unicast WLAN data frames. This test provides the best representation of the end-user experience with wireless performance. 

This test is applicable for wireless clients and provides the basic measure of their ability to transmit and receive data 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.

This test is also applicable for comparing the performance of different wireless APs (for BSS), or different wireless clients (for IBSS), if the same reference DUT is used for the tests.

The setup comprises DUT and the wireless counterpart (WLCP is the reference AP for BSS or the reference client for IBSS). The communication test signal is generated by the WLCP to measure downlink throughput performance. The communication test signal is generated by the DUT to measure uplink throughput performance. 

7.2 Test Configuration

7.2.1 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 of association with WLCP. The DUT is also able to support the recording of downlink throughput measurements and generation of traffic for uplink throughput measurements.  

· In the case of BSS, a traffic generation device is connected through a wired interface to the WLCP. This traffic generation device is able to generate the traffic for downlink throughput measurements. This traffic generation device is also able to receive the traffic for uplink throughput measurements. 

· In the case of IBSS, the WLCP has the ability to generate and receive the communication test signal for downlink and uplink throughput measurements respectively.  

· Turn Table for rotating the DUT to incorporate the effect of different antenna radiation patterns across various DUTs. 

7.2.2 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 margin for the test results is +/- 5% of the throughput measured at closest range. The expected error margin for the test results is +/- 15% of the throughput measured at the far-most range. 
7.3 Approach

7.3.1 Configuration Parameters

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

7.3.1.1 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

7.3.1.2 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, 1518 and 2048 bytes.

· Fragmentation threshold: 256, 512, 1024, 1518 and 2048 bytes.

· MAC QoS and service priority enabled.

· Network Protocol used by the data generator: TCP, UDP, etc.

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

· PS mode

7.3.1.3 Test Parameters

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

· Frame sizes used in test traffic: (128, 256, 512, 1024, 1518 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

· Turn table, if available, is operational at a specified speed (revolutions per minute)

7.3.2 Procedure

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

Step 0: Attenuation is set current_value=min_value.

Step 1: Traffic generation device generates data traffic higher or equal to maximum theoretical throughput for specific frame sizes during required duration. The downlink throughput is measured at the DUT and recorded. 

Step 2: DUT generates data traffic higher or equal to maximum theoretical throughput for specific frame sizes during required duration. The uplink throughput is measured at the traffic generation device and recorded. 

Step 3: Attenuation is set current_value+=step_value

Step 4: Steps 1-3 are repeated until current_value>max_value

This procedure is repeated “max_value” times for each configuration tested. The percentage variability between these runs is calculated as 

Percentage variability = (maximum throughput – minimum throughput) / average throughput

The measured data is reported as the results for the baseline DUT configuration. The variability between the three test runs is reported for each configuration tested. 

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.

7.3.3 Reported Results

The results can be summarized in the following table:

	Range (meters)
	Direction of traffic flow (Downlink or uplink)
	Maximum Throughput (Mbps)

(802.11a, b or g)
	Minimum Throughput (Mbps)

(802.11a, b or g)
	Average Throughput

(Mbps)

(802.11a, b or g)
	LOS or 

non-LOS Environment
	If non-LOS, details (number/type) about the obstructions 

	
	
	Optional
	Optional
	
	
	


Each trial represents a different set of test conditions and is reported separately.

The throughput is computed and reported as the data received by the throughput measurement mechanism at the DUT or the traffic generation device. The range in meters is reported for each test run along with the direction of data flow during the test run. The maximum, minimum and average throughput over the duration of the test run is reported. 

The results should be reported as a table or a graph of throughput versus range; separate results shall be reported per configuration. The report also specifies the DUT and traffic generation device details like manufacturer and type, BIOS, OS, WLAN driver etc.
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Abstract


This document introduces the description of Over-the-Air Outdoor and Indoor Test Environment, Metrics and Methodology as a part of Recommended Practice for the Evaluation of 802.11 Wireless Performance. 
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