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1 Power Consumption Measurement
1.1 Introduction and Purpose

The purpose of this test is to determine the average power consumption of the WLAN NIC in different operation states. 

This test is applicable for wireless clients installed on mobile devices and provides the basic measure of the amount of a power WLAN NIC consumes from the power supplier or the battery in different operation states. This test is applicable to infrastructure BSS client configurations as well as to standalone clients. The DUT in this case is the platform running the WLAN NIC.
The setup for the measurement should be performed on one of two setups already defined in TGT draft [4] for throughput measurement. The first is “Throughput versus attenuation in a conducted environment” described in [4] section 6.2. In this case the attenuation should be set in order to achieve the maximal TPT. The second is the”Throughput versus range in an OTA environment” already described in [4] section 6.6. In this case the range and orientation should be selected to achieve the maximal TPT, and the rotation of DUT should be omitted. In both cases the entire system is suitably isolated from external interference and other unwanted signals.
The digital oscilloscope is used to measure voltage and current in order to calculate average power consumption. The test controller is connected to DUT, WLCP and Digital Oscilloscope for purposes of traffic generation and measurement control. 
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) A traffic generator capable of generating data traffic from/to the WLCP to/from the DUT above the MAC layer (Layer 2).

c) A traffic analyzer that can gather the delivered data payload over time above the MAC layer (Layer 2).

d) A digital oscilloscope with ability to measure voltage and average currents. 

e) A test controller that is automated and controlled by dedicated software, and includes the following capabilities:

1) The ability to control the traffic generator

2) The ability to control the transmit rates of the WLCP and the DUT.

f) The wireless connection may be OTA or using RF cables with an attenuator, depends on which basic setup (OTA or Conductive) is selected.

The essential part of the test setup is depicted and described in the Figure 1. 
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Figure 1: Setup for Power Consumption measurements
1.2.2 Special capabilities necessary for this test

It is necessary to constrain the transmission of IEEE Std 802.11 data frames by the DUT and WLCP with a specific rate. The method of achieve it to restrict the Supported Rate Set advertised by the WLCP.

The relevant probe points should be located on the power consumption lines which supply power from the platform to the NIC. If DUT has more than one consuming line, each line shall be measured separately. Each consuming line should be extended to allow connection of voltage and current probe. 
The scheme of connection of Digital Oscilloscope is depicted and described in the Figure 2. 
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Figure 2: Details scheme of connection of Digital Oscilloscope 

1.2.3 Operation States
The power consumption should be measured separately for the following operation states of DUT:

1. Device Disabled. In this state DUT is plugged in and installed on the platform but disabled by device manager.
2. Idle Unassociated. In this state DUT is enabled but it is not associated to any BSS or IBSS. This scenario represents the use case where DUT is turned on but so far there is not desired AP around. The power consumption depends on how often and how long DUT performs scanning.
3. Idle Associated. In this state DUT is associated to AP but there is no data exchange between AP and DUT except required management frames. This scenario represents the use case where a DUT is connected to an AP but not actively doing anything other then staying associated and ready to exchange data. The power consumption depends on how often and how long DUT performs scanning.

4. Wireless Disabled. In this state DUT was already active and associated with AP but the radio of DUT currently is disabled. This scenario represents the use case where radio is turned OFF on the platform by GUI or special switch (a.k.a. HW RF-Kill). HW RF-Kill isn’t always supported by platforms (need to make sure this mode is supported and enabled).
5. Data Transfer RX. In this state DUT is associated to AP and mostly busy with receiving data. This scenario represents the use case where DUT is fully loaded by running downstream.

6. Data Transfer TX. In this state DUT is associated to AP and mostly busy with transmitting data. This scenario represents the use case where DUT is fully loaded by running upstream.
1.2.4 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 oscilloscope probes should be calibrated such that voltage measurement accuracy will be less than 10mV and current measurement accuracy will be less than 0.5mA.

The expected error margins for the test results are as followed depends on the operation mode:

1. For “Device Disabled”, “Idle Unassociated”, “Idle Associated” and “Wireless Disabled” it is - +/- 10% of overage average power consumption.
2. For Data Transfer (both RX and TX) it is +/- 3%

1.3 Approach

1.3.1 Configuration Parameters

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

1.3.1.1 Baseline Configuration

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

a) Maximum transmit power setting for DUT and WLCP.

b) RTS threshold set to maximum MAC frame size.

c) Fragmentation threshold set to maximum MAC frame size.

d) MAC QoS and service priority disabled.

e) Channel 6 for 2.4GHz band and 36 for 5.2GHz band

f) No security (Open System)
g) Power Management set to maximum power save mode

h) Disable periodical scanning if possible

i) Ambient temperature is 25 degrees Celsius

1.3.1.2 Modifiers

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

a) Ambient temperature
b) Other operating channels

c) Different Power Saving aggressiveness
d) Security usage: Open, WEP, TKIP, CCMP

1.3.1.3 Test conditions

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

a) The range or the attenuation is set to achieve the best link condition.
b) No rotation is used in OTA environment and the orientation is selected to achieve the best link condition

c) TX data rates are set to maximum possible - are 54Mbps for OFDM and 11Mbps for CCK
d) Frame sizes used in test traffic – 1528 octets
e) Different bands - 2.4 GHz 11b, 2.4 GHz 11g, 5.2 GHz 11a; this is relevant for Data Transfer operation mode.

f) Beacon interval of WLCP – 100 msec

g) DTIM of WLCP – 3 for all operation states
h) Measurement duration – 100 secs

i) WLCP is not connected to any backbone network

1.3.2 Procedures
1.3.2.1 Measurement of average power consumption

The measurement of average power consumption for each consumes line implies the following steps:

1. measurement of voltage (V) by digital oscilloscope
2. measurement of average currents (I) by digital oscilloscope during desired period of time
3. calculate average power consumption as P=V*I 

All consumes line shall be measured simultaneously for specific state using separate probes for each line. 
The summary average power consumption is the sum of all average power consumption numbers from all consumes lines.
1.3.2.2 Device Disabled state
The DUT is first set up according to the baseline configuration, using an initial combination of test parameters, and NIC is in Wireless Disabled mode (using device manager).
Step 0: Measure the average power consumption during 100Sec; combine results and report.
The measured data is reported as the average consumption for “Device Disabled” state.

1.3.2.3 Idle Unassociated state
The DUT is first set up according to the baseline configuration, using an initial combination of test parameters, and NIC is in unassociated state while no profile exists in preferred network list. 

Step 0: Set attenuation or range to the best link condition.

Step 1: Measure the average power consumption during 100Sec; combine results and report.
The measured data is reported as the average consumption for “Idle Unassociated” state.

1.3.2.4 Idle Associated state
The DUT is first set up according to the baseline configuration, using an initial combination of test parameters, and NIC is associated with AP (NIC should be able to exchange data with WLCP following the configuration, but no data exchange should be active).
Step 0: Set attenuation or range to the best link condition.

Step 1: Measure the average power consumption during 100Sec; combine results and report.
The measured data is reported as the average consumption for “Idle Associated” state.

1.3.2.5 Wireless Disabled state
The DUT is first set up according to the baseline configuration, using an initial combination of test parameters, and the radio is disabled by SW GUI or RF-Kill HW switch.
Step 0: Set attenuation or range to the best link condition.

Step 1: Measure the average power consumption during 100Sec; combine results and report.
The measured data is reported as the average consumption for “Wireless Disabled” state.

1.3.2.6 Data Transfer Tx and Rx states
The DUT is first set up according to the baseline configuration, using an initial combination of test parameters. STA should be associated to AP in a specific band and able to transfer data. Data transfer rate should be set to maximum both for DUT and WLCP to archive the TPT high as follows:

.11a - >21Mbps

.11g - >21Mbps

.11b - >6Mbps

Step 0: Set attenuation or range to the best link condition.
Step 1. Generate upload traffic directed from DUT to WLCP, measure TPT and make sure the target TPT is achieved; record the TX TPT.

Step 3: Measure the average power consumption while data is uploaded during 100 sec; combine results and report.

Step 4. Generate download traffic directed from WLCP to DUT, measure TPT and make sure the target TPT is achieved; record the RX TPT.

Step 5: Measure the average power consumption while data is downloaded during 100Sec; combine results and report.
Step 6: Repeat steps 0-4 with the remaining bands.

The measured data is reported as the average consumption for “Data Transfer RX” and “Data Transfer TX” states for different modes as the follows (see example table below):
	State
	Band
	TPT achieved (mBps)
	Line 1 Power Consumption
	…
	Line n Power Consumption
	Summary Power Consumption

	Tx
	.11a
	
	
	
	
	

	Rx
	.11a
	
	
	
	
	

	Tx
	.11g
	
	
	
	
	

	Rx
	.11g
	
	
	
	
	

	Tx
	.11b
	
	
	
	
	

	Rx
	.11b
	
	
	
	
	


1.3.3 Reported Results

The summary results should be reported as a table or a graph of power consumption (per consumption line and a summary total consumption) per procedure (state) predefined above.
The report shall specify the DUT platform details like manufacturer and type, BIOS, OS, WLAN driver etc and also the AP type and FW version.
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Abstract


This document introduces the description of Power Consumption Measurement methodology and metrics as a part of Recommended Practice for the Evaluation of WLAN NIC performance.


It is being provided to the 802.11T task group as draft text in conjunction with a companion presentation.
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**NIC may have more then one consumption line, need to measure each line separately.
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