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Introduction
Wi-Fi Alliance became the forum for collaboration between the Wi-Fi and cellular industries on issues relating to the two technologies sharing unlicensed spectrum.  This collaboration culminated in the publishing of the Coexistence Test Plan [1] in Sept 2016.
Wi-Fi Alliance was involved in the commissioning of coexistence test beds in two separate commercial test laboratories. The experience gained in this process may be useful to RAN4 as the group begins to finalise its own coexistence testing for LTE-LAA. Previously Wi-Fi Alliance contributed data indicating that test execution of a test ready LTE device should typically take one week.
This contribution provides data and analysis on the reliability of Wi-Fi / Wi-Fi benchmark data generation from one of the test laboratories (AT4 wireless) because this is expected to be a reasonable indicator of the reliability of the Wi-Fi / LTE-LAA test results. The data is especially relevant because it covers testing done at a range of different signal levels.
 Discussion
Test Bed Configuration
An example of the signal routing in a fully cross-coupled Coexistence Test Bed is shown below. Automation is required to perform testing in a reliable and repeatable manner.
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Establishing Wi-Fi Reference Data
The Pass/Fail criteria in the Coexistence Test Plan have foundations in the definition of fairness.
“A deployed system transmitting in an unlicensed channel is operating fairly to Wi-Fi if the impact of that system on Wi-Fi users in the channel is no worse than the impact of an additional Wi-Fi device or Wi-Fi network introduced into the channel supporting the same traffic load as the system. “
The basic concept is to compare the Wi-Fi / LTE performance (Test Data) against the Wi-Fi / Wi-Fi performance (Reference Data).
This Reference Data is derived from measured performance of various combinations of real-world, commercially available devices and needs to be done only once.
Wi-Fi Alliance chose three types of Access Points:
· Two Enterprise grade 802.11ac  (devices A, B)
· One Consumer grade 802.11n  (device C)
and two types of Stations:
· One high end smartphone using 802.11ac  (device X)
· One consumer grade laptop using 802.11ac  (device Y)
Reference Data was generated using 6 or 12 unique combinations of devices at different signal levels.
Test Case 4.5 Throughput
This test determines how the throughput of a Wi-Fi node is impacted by another Wi-Fi or LTE-U node operating at different traffic loads of:-
· Phase 1 – full buffer traffic load
· Phase 2 – 25% traffic load
· Phase 3 – 10% traffic load
The test is performed at three signal levels to simulate different path losses between the coexisting nodes
· Test Level 1  -50 dBm
· Test Level 2 -67 dBm
· Test Level 3 -82 dBm
In order to achieve a result that is representative twelve different combinations of equipment are tested as shown in the table below
	BSS
	TC 4.5 Benchmark equipment configurations

	BSS #1
	AP1: A
	AP1: B
	AP1: C
	AP1: A
	AP1: B
	AP1: C
	AP1: A
	AP1: B
	AP1: C
	AP1: A
	AP1: B
	AP1: C

	
	STA1: Y
	STA1: Y
	STA1: Y
	STA1: X
	STA1: X
	STA1: Y
	STA1: X
	STA1: X
	STA1: X
	STA1: Y
	STA1: X
	STA1: X

	BSS #2
	AP2: C
	AP2: A
	AP2: B
	AP2: A
	AP2: B
	AP2: C
	AP2: C
	AP2: A
	AP2: B
	AP2: C
	AP2: A
	AP2: B

	
	STA2: X
	STA2: X
	STA2: X
	STA2: Y
	STA2: Y
	STA2: X
	STA2: Y
	STA2: Y
	STA2: Y
	STA2: Y
	STA2: X
	STA2: X


TC 4.5 Data Generation and Analysis
[bookmark: _GoBack]Normalised Throughput is defined as the throughput achieved by the impacted AP-STA pair in each test condition divided by the throughput   achieved by the same AP-STA pair without any impacting traffic load. It is expressed as percentage. This formulation is used to accommodate for the diversity of performance and capabilities in the chosen test bed equipment.
The nomenclature  is used to denote the Normalised Throughput measurements for each test condition. 
Each test condition is measured during one Phase of the test, at a given Test Level, for a certain Combination of the testbed equipment. There are twelve Combinations , three Test Levels , and three Phases  giving a total of 108 test conditions. Each test condition is run for a number of iterations .
The standard deviation is calculated for each test condition as 

The standard deviation for each test condition is provided in the table below:
[image: cid:image001.png@01D2A3D4.7E3C4900]

The data can usefully represented as a Cumulative Distribution Function (CDF)  in three different ways



The Overall CDF indicates the overall reliability of all the test conditions. The Per Phase CDF indicates the reliability of data taken at different channel loadings, and the Per Test Level CDF indicates the reliability of data taken at different test levels.
These CDFs are represented in the graphs below.[image: ] 


The Overall CDF shows that 75% of the test conditions have a standard deviation of less than 4% and 100% of the test conditions have a standard deviation of better than 8%.
The Per Phase CDFs all lie very close to the Overall CDF indicating that result reliability is not dependent upon the loading of the interfering system.
The Per Test Level CDFs indicate that at the robust signal levels of Test Level 1 the variation of results is minimal. 75% of the test conditions have a standard deviation better than 1% and all test conditions for Test Level 1 are better than 2% standard deviation. This finding is consistent with typical experience of similar experiments in a variety of different setups.
The CDFs of Test Level 2 & 3 are of particular interest because this is where the devices are operating at signal levels typical of in-field tests. Here we see that the standard deviations are greater than for Test Level 1. This is as expected, nevertheless they both show standard deviations of less than 4% for 75% of the test conditions and 100% of the test conditions have a standard deviation of less than 8%.
This comparison is also interesting because it shows that the results are somewhat insensitive to absolute signal level, given that the same reliability is achieved even though there is 15 dB difference in signal level.
 



Conclusion
The experience gained by Wi-Fi Alliance in helping commission two coexistence test beds in separate commercial test laboratories has resulted in useful data. This shows that tests of a test ready LTE-U device can be executed in about a week.
Recent data provided by AT4 wireless, covered in this contribution shows that test results are indeed very reliable with overall results achieving less than 4% standard deviation for 75% of the test conditions, and less than 8% standard deviation for 100% of the test conditions.  It is reasonable to expect that these conclusions derived from Wi-Fi / Wi-Fi testing are a good predictor of the reliability of Wi-Fi / LTE-LAA testing.
These results also illustrate an important point that test reliability for lower level signals is somewhat insensitive to the absolute signal level. This is evidenced by results that are very similar even though the test levels are 15 dB different. 
References
[1] Wi-Fi Alliance Coexistence Test Plan v1.1:  https://www.wi-fi.org/file/coexistence-test-plan-package
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