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Introduction
Wi-Fi Alliance became the forum for collaboration between the Wi-Fi and cellular industries on issues relating to sharing unlicensed spectrum between Wi-Fi and cellular technologies.  This collaboration culminated in the Coexistence Test Plan [1] published Sept 2016.
Wi-Fi Alliance was involved in commissioning 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 responds to the contribution “Experience and Learnings from Multi-node Tests, Ericsson (R4-1703837)” and “WiFi Baseline Scenario Test Results, Nokia (R4-1704002)”. 
This contribution presents new data showing variation in performance across different combinations of devices that is more reasonable. It also refers to data in previous contributions showing that testing times are indeed reasonable and that test results are reliable when a test bed is correctly set up.
 Discussion
Response to “R4‐1703837 Experience and Learnings from multinode coexistence tests” [2] 
Responses to Summary slide, page 2.
· “6 Weeks test duration (with on-site engineers + remote support)”
· Wi-Fi Alliance experience shows that “Test execution duration” is often conflated with several other activities  related to “testbed commissioning” and “EUT test readiness”. The previous Wi-Fi Alliance contribution [3], breaks down the testing effort into four categories with the following testing effort agreed by both Test Laboratories. 
· Once-off Commissioning the Test Bed – some months, but learnings from the first Lab helped shorten this for the second Lab
· Once-off Establishing reference data to calibrate how Wi-Fi shares with Wi-Fi – done in parallel with Test Bed Commissioning
· Pre-testing the candidate LTE systems to ensure that they are operating as expected – usually performed as part of EUT development in the vendor’s Laboratory
· Testing how candidate LTE systems share with Wi-Fi for the final Test Report – Final Test Execution time is agreed by both Laboratories to be about one week
· “Unable to pre-execute WFA tests before going to the ATL”
· Coexistence Test Plan is publically available so Pre-testing could occur in the vendor’s own facility 
· “Huge variation in Wi-Fi test equipment behavior”
· The joint contribution [4], presents Dekra test laboratory data which shows low 75’th percentile run-to-run standard deviation of only 4%
· “Test complexity makes reproducibility in different labs practically impossible”
· Tests were designed and agreed industry-wide, including Wi-Fi and numerous LTE stakeholders
· Reference Data is created by each Test Laboratory which is specific to the individual setup to calibrate that test bed and take into account differences between setups.
· “Ericsson EUT executed & passed ALL applicable tests”
· To date, 3 different vendors have been through the Coexistence Testing regimen, demonstrating that the Test Plan is a useful and workable.
Responses to “The Practicalities” page 4 
· “Many thousands of individual tests For example one particular test: 20 mins per test run x 6 combinations x 3 test levels x enough runs to get good statistical results – 360 x 30 test runs = 180 hours or 7 ½ days (at 24/7)”
· Each test run uses a measurement time of 60 seconds plus some setup overhead which is implementation dependent and optimizable to say 60 seconds. In a testbed that is set up correctly, 5 runs typically provides a good statistic. 
 .
· “Unable to pre-test equipment Required specific Wi-Fi test equipment (with special SW loads) and test scripts”
· The Test Plan specifies the equipment and the specific software version as agreed in public coexistence workshops by all stakeholders. Software loads are standard, available from the manufacturers.
· Wi-Fi Alliance has made the test scripts available to interested parties on an as-is basis. The scripts are being used by vendors.
Response to “R4-1704002 Observation 1: Different Wi-Fi devices don't share channel fairly. Some Wi-Fi devices are more aggressive, some other less.”
It is well known that some variation in sharing between different combinations of Wi-Fi devices exist because of the probabilistic nature of the LBT channel access method, and the fact that there is some latitude for vendors to choose the parameters associated with the algorithm. 
This is the key reason the Wi-Fi Coexistence Test plan derives pass/fail criteria from the spread of 12 different combinations. Whilst it is important that the individual results be examined to determine that they are reasonable and expected, it is the overall combination of all the results that is important.
While the data presented in R4-1704002 does indeed show variation between combinations,  the data collected from the Dekra testbed shows a much narrower variance across combinations of devices.
Analysis
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 only Phase 1 of the test, at a given Test Level, for a certain Combination of the testbed equipment. There are twelve Combinations, and three Test Levels , giving a total of 36 test conditions. Each test condition is run for a number of iterations.
The average normalized throughput is calculated over the  iterations for each test condition as 

producing a table of 12 rows and 3 columns.
The columns of the table are processed over all Combinations at the same Test Level to give an average normalised throughput for each Test Level as 

 Resulting in the following distillation of data shown in the table below
	
	51%

	
	49%

	
	42%


Observation 
The table indicates that, for Test Level 1 and 2 the normalised throughput achieved, when averaged over all combinations, is very close to 50%. This implies very good channel sharing.
Test Level 3 averages out at 42% which is lower than the ideal of 50%. This loss of channel efficiency could be somewhat expected at Test Level 3 due to MCS rate shifting, lost packets, or other causes encountered at lower signal levels and is considered normal for any dynamic communication system.
We now calculate the variation of each Combination from this average for each Test Level as follows

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


 indicates the cumulative probability of the complete data set, whereas  indicates the cumulative probability of each Test Level as indicated in the graph below
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The following percentiles are extracted for the convenience of the reader 

	Percentile
	TL1
	TL2
	TL3
	Overall

	25%
	7%
	4%
	4%
	4%

	50%
	10%
	9%
	9%
	10%

	75%
	14%
	13%
	14%
	14%



This data shows that, for Test Level 1 and 2, the variation of normalised throughput over Combinations has a median value of 9% and a 75’th percentile of  between 12% and 14%.  i.e. The standard deviation of normalised throughput of  9 of the combinations varies by less than 12% or 14 %.
Test Level 3 shows very similar standard deviations with 6 of the Combinations better than 11%, and 9 devices better than 16%. Clearly three of the combinations have greater variation, leading to the tail stretching out to one device at 27%. This is to be expected given the diversity of devices and Combinations.  
Response to “R4-1704002 “Observation #2 For very low signal level from one run test to next one, results may vary significantly.”
The data presented shows wide variation from run to run for the same combination. The most notable examples is Test Level 3, Combo 4 where the normalised throughput for run 2 is 18% while the result for run 5 is 95%, a difference of 77%.  The charts reveal other combinations with significant run-to-run variation.  
This data is considered to be very unusual since the data from the Dekra laboratory [4] shows significantly more reliable results for the same tests.  Indeed most run-to-run variations are lower single digit percentages with an overall median standard deviation of 1% and a 75’th percentile of 4%. 

Even singling out the worst case data from the Dekra charts reveals that the median standard deviation of Test Level 3 is only 3%  with a 75’th percentile of 4%.
The Dekra data shows that a Coexistence Test Bed can be set up to provide reliable results.
Conclusion
A recent contribution to RAN4 [2], represents the experience of one of the first vendors in the industry to go through the Coexistence Test Plan. The contribution lists a number of issues many of which can be attributed to teething problems in testbed set up.  Specifically, 
· Test Time – Reports of many months of testing are sometimes conflated with testbed setup time and bringing the EUT up to proper test readiness. Once these have been achieved both Test Laboratories agree that final test execution time is in the order of one week. [3]
· Run-to-run test variation – A recent submission [4], to RAN4 shows that for an example of Test Case 4.5 the median run-to-run variation is less than only 4%.
· Variations in normalized throughput across different Combinations – The median variation of normalized throughput is approximately 10% for all Test Levels which is considered as reasonable.
· Test Plan complexity – both Test Laboratories agree that final test execution time is in the order of one week. [3]. Three companies have put EUTs through the Coexistence Testing at the qualified Test Laboratories indicating that the Test Plan is both useful and workable.
· Pre-Testing – Many vendors prefer to pre-test their devices before submitting to the Test Laboratories for formal testing.  Wi-Fi Alliance has supplied the test automation package on an as-is basis to interested vendors. Wi-Fi equipment and specific software versions are available from the respective vendors.
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