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Introduction
Wi-Fi Alliance has developed a Test Plan [1] that addresses coexistence concerns for LTE on Wi-Fi. The Test Plan has been published, and has been recognized by members of both the cellular and Wi-Fi industries as an important contribution to spectrum coexistence and sharing in the unlicensed bands. 
In the process of developing the Test Plan, many technical issues were discovered, and successfully addressed. While a portion of the test cases address LTE-U equipment specifically, most test cases have applicability to LAA equipment.  This submission is offered as a resource so 3GPP TSG-RAN WG4 can consider the use cases and test approaches the industry has already discussed and agreed as 3GPP TSG-RAN WG4 develops an LAA coexistence test plan.
Discussion
The following is a top-level summary of the Wi-Fi Alliance Coexistence Test Plan [1]  
1. Introduction
a. Experiments have shown that the impact on Wi-Fi is highly dependent upon both the particular Wi-Fi scenario, and the configuration of the LTE equipment
i. In some cases the effect is relatively benign 
ii. In other cases even relatively modest amounts of LTE can have an unacceptable effect on an existing Wi-Fi network
b. Coexistence is a complicated subject with many complex aspects that require cross-industry collaboration for resolution
c. This overview outlines the approach that Wi-Fi Alliance is taking to ensure that LTE equipment shares the unlicensed spectrum fairly with Wi-Fi by explicitly testing the LTE equipment
d. This is an opportunity for all stakeholders to participate and understand how both of these technologies can share the same spectrum fairly 
2. Definition of Fairness
a. 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. 
b. This methodology has been adopted by 3GPP where their standard testing procedure is
i. Step 1 – Wi-Fi / Wi-Fi – measure results
ii. Step 2 – Wi-Fi / LTE – measure results and compare
c. The Wi-Fi Alliance Coexistence Test Plan adopts the same approach and does not assume any knowledge of the workings of the other system 
d. Agnostic to the LTE devices’ medium access method(s) and/or channel activity assessment
e. The Wi-Fi Alliance Coexistence Test Plan’s focus is on fair sharing, not specific technology 
3. Testing Rationale – Test Case Reduction
a. Test cases in the Wi-Fi Alliance Coexistence Test Plan have been chosen to illuminate specific functionality of the EUT using a layered approach to successively expose further functional detail
b. Once key functionality has been assessed it may be possible to reduce test time by reducing the number of test case combinations
c. Example – Channel selection
i. TC 4.1 A, B at Level 1 establishes whether the EUT contains a basic channel selection algorithm – channels are either occupied or empty
ii. TC 4.1 A, B at Level 2 & 3 establishes the sensitivity of the basic algorithm operating at lower signal levels
iii. TC 4.1 C, D, E at Level 1 examines the sophistication of the selection algorithm by determining if the algorithm can rank the occupancy of channels that are loaded at different levels
iv. TC 4.1 C, D, E at Level 2 & 3 establishes the sensitivity of the ranking algorithm operating at lower signal levels
d. Wi-Fi Alliance typically uses this approach to reduce the number of tests and testing time
4. Signal Levels
a. Tests are conducted at three different signal levels
i. Test Level 1 = -50 dBm
ii. Test Level 2 = -67 dBm
iii. Test Level 3 = -82 dBm
b. All Link Levels are set to equal the chosen Test Level
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5. Wi-Fi Alliance Coexistence Test Plan Top Level Summary
	Test Case Title
	Test Plan Section

	LTE Channel Selection Test
	4.1

	LTE Impact on New Wi-Fi Network Connection Test
	4.2

	LTE Medium Usage Adapting to Changing Channel Loading Test
	4.3

	LTE Node Impact on Latency Sensitive Wi-Fi Traffic Test
	4.4

	LTE Impact on Wi-Fi Throughput Performance Test
	4.5



6. Wi-Fi Alliance Coexistence Test Case 4.1 – LTE Channel Selection Test
a. Purpose 
i. Verifies that the EUT contains a basic channel selection mechanism to select the only available vacant or least utilized channels
b. Rationale
i. Choosing an unused channel is the best form of coexistence
ii. In an environment where Wi-Fi networks are operational in multiple channels, an EUT is expected to employ an automatic channel selection feature to demonstrate coexistence by achieving orthogonality in frequency domain 
c. Summary
i. Test case defines seven procedures
ii. Tests are repeated at Test Level 1, Test Level 2, Test Level 3
iii. Test result is observed LTE behavior
7. Wi-Fi Alliance Coexistence Test Case 4.2 – LTE Impact on New Wi-Fi Network Connection Test
a. Purpose
i. Verifies that the EUT operating at full capacity allows new Wi-Fi networks to scan, discover, and establish new connections within the specified time period
b. Rationale
i. Where an EUT is the only active channel occupant it may use 100% of the medium which would exclude new participants from entering
ii. Even if the EUT is using a large portion of the medium it is expected to:
1. Have negligible impact on Wi-Fi AP Beacon frame delivery for clients to discover the Wi-Fi network
2. Allow Wi-Fi clients to successfully complete the connection setup procedure to form the Basic Service Set (BSS) in a reasonable time
c. Summary
i. Test case defines two procedures
ii. Repeat at test level 1, test level 2, test level 3
iii. Test result compared against Wi-Fi – Wi-Fi Benchmark
8. Wi-Fi Alliance Coexistence Test Case 4.3 - LTE Adapting Medium Usage to Changing Channel Loading Test
a. Purpose
i. The test verifies that the EUT adjusts its channel usage based on channel utilization of other co-channel Wi-Fi/LTE nodes within stipulated amount of time 
b. Rationale
i. Fair sharing requires that all devices on the same channel rapidly adapt their medium usage according to the overall demand for the channel by other devices
c. Summary
i. Test case defines six procedures
ii. Wi-Fi channel loading is varied 
iii. Repeat at test level 1, test level 2, test level 3
iv. Test result is observed LTE behavior
9. Wi-Fi Alliance Coexistence Test Case 4.4 - LTE Node Impact on Latency Sensitive Wi-Fi Traffic Test
a. Purpose
i. The test determines the impact of LTE operation on latency sensitive Wi-Fi applications such as VOIP by measuring Wi-Fi Key Performance Indicators under varying load conditions
b. Rationale
i. When LTE and Wi-Fi are operating co-channel the EUT is expected to: 
1. Allow proportionate overall medium usage based on Wi-Fi network load
2. Ensure that it’s use of the medium is done in suitable segments so as not to affect the KPI’s of latency sensitive applications such as:
a. Latency
b. Jitter 
c. Packet loss count
c. Summary
i. Test case defines three procedures
ii. Repeat at test level 1, test level 2, test level 3
iii. Wi-Fi KPIs in presence of EUT are measured against Wi-Fi – Wi-Fi Benchmark KPIs
10. Wi-Fi Alliance Coexistence Test Case 4.5 - LTE Impact on Wi-Fi Throughput Performance Test
a. Purpose
i. The test determines the impact of LTE operation with varying LTE traffic loads on Wi-Fi throughput performance at defined signal levels
b. Rationale
i. In an environment where LTE network and Wi-Fi network are operating co-channel, the EUT operation shall not impact Wi-Fi link performance more than another Wi-Fi network with similar traffic need as the LTE network
ii. EUT is expected to adapt to varying channel load in presence of high load Wi-Fi traffic
c. Summary
i. Test case defines three procedures
ii. Repeat at test level 2, test level 3
iii. Result is compared against Wi-Fi – Wi-Fi Benchmark data


Conclusions
The Wi-Fi Alliance Coexistence Test Plan has been agreed upon by many companies in the cellular and in the Wi-Fi industries, and it has successfully addressed the many technical issues of coexistence testing for these two technologies. With this submission, Wi-Fi Alliance provides its experience in solving these technical problems to the 3GPP effort to create a coexistence test plan for LAA and Wi-Fi.
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