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1 Adjacent Channel Interference in OTA Indoor LOS Test Environment
1.1 Introduction and Purpose

The Adjacent Channel Interference (ACI) or adjacent channel noise rejection test is intended to depict an end user’s expected throughput performance in a situation where another 802.11 device is nearby on an adjacent/non-overlapping channel. The proposed test uses OTA indoor line of sight test environment. ACI is a primary metric which directly impacts an end-user’s experience as expressed by throughput verses range in a real life environment.

The test is applicable to wireless clients and provides the basic measure of throughput degradation in the client’s performance due to the presence of an interferer. The test is applicable to IBSS (Independent BSS) as well as infrastructure client configurations.

The setup comprises of a DUT and its associated reference AP (WLCP) and a STA used as a source of interference (Client_Jammer) and its associated AP (AP_Jammer). Indoor LOS locations are chosen for both the DUT and Client_Jammer, both 20m ± 2cm from their respect access points (which are approximately 41m from each other). The DUT and Client_Jammer are separated by 1m ± 1cm. Test Controllers/Traffic Generators are utilized at the WLCP and AP_Jammer to generate traffic from WLCP to DUT and from AP_Jammer to Client_Jammer on top of Layer 2. The DUT’s throughput is measured for one minute without interference, two minutes with interference, and a final one minute without interference. In the ideal case, the DUT’s throughput is unaffected by the interference from the neighboring device.
1.2 Test Configuration

1.2.1 Resource Requirements

The following equipment is required to carry out this test:

a) A wireless counterpart (WLCP), which is a reference AP for an infrastructure BSS or a reference client for an IBSS. The DUT should be capable of associating with the WLCP.

b) AP_Jammer, which is an AP used for generating interference. 

c) Client_Jammer, which is a STA used for generating interference. The Client_Jammer should be capable of associating with the AP_Jammer. 

d) Test controllers/Traffic Generators that are automated and controlled by dedicated software, and include the following capabilities:

1) The ability to transfer 1MB file between WLCP and the DUT and between AP_Jammer and the Client_Jammer above the MAC layer (Layer 2).

2) The ability to control time/duration of file transfer between the WLCP and the DUT and between AP_Jammer and the Client_Jammer.
e) Rolling carts of appropriate height to move/place the DUT and Client_Jammer.
f) Inclinometer or other angle measurement device, and/or a test jig to fix the antenna angle of the DUT and Client_Jammer with 802.11antennae in the lid/LCD.
g) Spectrum analyzer to monitor noise level.
The test setup is described in section 1.2.3.
1.2.2 Test environment

This test uses the Over-the-air Indoor LOS test environment described in [2] in section 5.6. The setup should be properly isolated from external interference and other unwanted signals. In-band noise should be ≤ -100dBm from any 802.11 (other than the test equipment) or non-802.11 source over the range of test. 
1.2.3 Test setup

Figure 1 depicts the test setup.
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Figure 1  OTA Indoor LOS ACI Test Setup
The distances between the test devices are as follows: 

· Distance between WLCP and DUT = 20 meters ± 2cm

· Distance between Client_Jammer and AP_Jammer = 20 meters ± 2cm

· Distance between DUT and Client_Jammer = 1 meters ± 1cm
The positioning of the DUT and Client_Jammer should be as follows:

· For laptops, DUT and Client_Jammer are placed back-to-back as shown in Figure 1.
· For desktops with external antennas, the DUT’s and Client_Jammer’s antennas are placed on top of their respective test station carts. 

· For desktops with internal antennas, the desktops are placed on top of their respective test station carts.

The remaining test setup parameters are same as specified in Clause 5.6 of the P802.11.2/D0.5.
1.2.4 Special capabilities necessary for this test

It is necessary to be able to transfer a fixed size file between the DUT and WLCP and Client_Jammer and AP_Jammer for a fixed period of time.
1.2.5 Permissible Error Margins and Reliability of Test

Prior to beginning the test, the test equipment described above should 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 ± 10% of the DUT’s measured % throughput degradation.
1.3 Approach

1.3.1 Configuration Parameters

This sub-clause provides a list of configuration parameters applicable to this test.
1.3.1.1 Baseline Configuration

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

a) Maximum transmit power setting for DUT, WLCP, Client_Jammer, and AP_Jammer.

b) Both the DUT and Client_Jammer in adjacent/non-overlapping channels in 802.11a-only, 802.11b-only, or 802.11g-only modes.

· For 802.11b/g mode, DUT/WLCP and Client_Jammer/AP_Jammer channel setup are 1 and 6, respectively, or 2 other channels with offset of 25MHz.
· For 802.11a mode, DUT/WLCP and Client_Jammer/AP_Jammer channel setup are 48 and 52, respectively, or 2 other channels with offset of 20MHz.
· The actual channel selected should be recorded.
c) No security (Open System).
d) Both DUT and Client_Jammer on AC power with all power saving features disabled (WLANs in CAM mode).
1.3.1.2 Modifiers

The baseline DUT setup parameters may be modified as follows to enable additional testing to be performed. 

a) Fixed Tx/Rx data rates for the DUT and Client_Jammer.
b) Power saving mode.
c) Other operating channels in 802.11a-only, 802.11b-only, or 802.11g-only modes.
d) Mixed mode where the DUT is in 802.11g mode while Client_Jammer is in 802.11b mode or vice versa.
1.3.1.3 Test conditions
The test conditions used while performing this test are as follows:
a) RF frequency (channel)
b) Mode – 802.11a, 802.11b, 802.11g

c) Tx/Rx

1.3.2 Measurement procedure

To measure the ACI metric, DUT’s throughput performance is measured for one minute without interference (Quiet Run-up Period), two minutes with interference (Interference Period), and one minute without interference (Quiet Run-down Period) as shown in Figure 2 below. Details are presented in section 1.3.2.2.
The reason to measure the DUT’s throughput performance during the quiet run-down period is to account for throughput impact due to the possible DUT’s graceful rate scaling recovery after the interference.

[image: image4.bmp]
Figure 2  Activity of the DUT and Client_Jammer during the test Period

1.3.2.1 Specification of metric
The ACI metric is based on percentage of DUT’s throughput degradation during the interference period:

[image: image5.bmp]
DUT’s Average Throughput without Interference is determined as follows:
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1.3.2.2 Procedure

The DUT and the Client_Jammer are setup according to the baseline configuration, using an initial combination of test conditions. The following steps are then performed:
a) Setup DUT/WLCP and Client_Jammer/AP_Jammer on appropriate adjacent non-overlapping channels for a/b/g mode.
b) Associate DUT with WLCP.
c) Enforce DUT to Tx/Rx 1MB file for 4 minutes (DUT using auto rate negotiation). 

d) Measure DUT’s throughput and record.
e) After 1 minute, associate Client_Jammer with AP_Jammer.
f) Enforce Client_Jammer to Tx/Rx 1MB file for 2 minutes (Client_Jammer using auto rate negotiation).
g) Measure Client_Jammer’s throughput and record.
h) After 2 minutes, turn off Client_Jammer and AP_Jammer.
i) Repeat above steps with DUT and Client_Jammer in the following Tx/Rx modes of file transfer:

DUT
Client_Jammer


Tx
Tx


Tx
Rx


Rx
Tx


Rx
Rx

j) Calculate DUT’s % throughput degradation.

k) Repeat above steps with different combinations of channels and modes for the DUT and Client_Jammer.
The DUT’s throughput should be recorded separately for Quiet Run-up, Interference, and Quiet Run-down periods and reported as discussed in section 1.3.3.
1.3.3 Reported Results

The summary of the results should be reported as a table. The table format is shown below. 
	Mode
	DUT Channel
	Client_Jammer Channel
	DUT Tx/Rx
	Client_Jammer Tx/Rx
	DUT’s Average Throughput during Quiet Run-up Period (Mbps)
	DUT’s Average, Minimum, and Maximum Throughput  during Interference Period

(Mbps)
	Client_Jammer’s Average Throughput during Interference Period
(Mbps)
	DUT’s Average Throughput during Quiet Run-down Period
(Mbps)
	DUT’s % Throughput Degradation



	
	
	
	
	
	
	
	
	
	


Figure 3  ACI Metric Reporting Template
The following data should also be reported:

· Noise level before the test and after the test
· Ambient temperature

· Relative humidity
· Details of Client_Jammer and AP_Jammer e.g. manufacturer, model, etc.
The details of the test results could also be included in a graphical format. The graphs show DUT’s and Client_Jammer’s throughput over a period of 4 and 2 minutes, respectively, for different modes, channels, and Tx/Rx combinations.
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This document introduces Adjacent Channel Interference (ACI) metric and measurement methodology for an Over-the-air indoor line of sight test environment as 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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