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Introduction
This contribution discusses LAA – Wi-Fi coexistence tests.  The tests check if downlink LAA satisfies the following fair coexistence criterion specified by 3GPP RAN [1]:
· LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc.

The tests consider the objectives of the Work Item [2] to assess the impact of LAA on Wi-Fi with multi-node coexistence tests designed to minimize complexity and be easily extendable to future systems, such as eLAA in Rel-14. 
The tests also consider the agreements reached in [3]:
· Signal level at which the receiver victim will see the transmitter aggressor:
· It is agreed to test both below and above ED level (-72dBm/20MHz).
· The precise values to be considered in the tests are FFS.
· Metric:
· it is agreed to use “throughput” as criteria for Priority class 3 and VoIP traffic outage for Priority class 1.
· Number of stations in multi-node tests:
· It is agreed to use one UL node (UE/STA) connected to each DL node (eNodeB/AP).

This contribution defines two sets of tests:
1. The first for testing if the LAA downlink coexists fairly with a co-channel Wi-Fi network that carries Best Effort traffic between an AP and an STA.    
2. The second for testing if the LAA downlink coexists fairly with a co-channel Wi-Fi network that carries latency sensitive voice traffic between an AP and an STA. 
Tests for Coexistence Impact of Downlink LAA on Wi-Fi
The test procedure satisfies the following evaluation methodology specified in section 8.1 of the LAA TR 36.889 [4] which was later adopted by the agreements in [5]:
In the Wi-Fi-LAA coexistence case, the following evaluation methodology is followed.
-	For each UE and eNB/AP drop
-	Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.
-	Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi operators. Performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.
A comparison of the performance metrics between the two steps for the Wi-Fi network that was not replaced with LAA can be used to evaluate coexistence between LAA and Wi-Fi in an unlicensed band 
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The following block diagram depicts the topology of the test setup.
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· Conducted tests are preferred, and shall be used if the following condition (specified in ETSI EN 301 893 [6]) is satisfied for all the devices under test and reference devices: “For a UUT with antenna connector(s) and using dedicated external antenna(s), or for a UUT with integral antenna(s) but with a temporary antenna connector(s) provided”. In such case that all devices cannot meet the above condition, radiated tests may be considered instead per used [6]: “For a UUT with integral antenna(s) and without a temporary antenna connector(s), radiated measurements shall be used.”
· In order to make the setup generic and forward compatible, all links are made bidirectional. This is done even though for the Wi-Fi + LAA tests, some of the links could have been made unidirectional as Release 13 LAA is DL-only. However, bidirectional links are needed for the Wi-Fi + Wi-Fi baseline tests and will also allow the tests to be extended in the future for Release 14 eLAA. 
· The links are labelled as follows:
· S1: Signal link between the 1st Wi-Fi AP and STA.
· S2: Signal link between the 2nd Wi-Fi AP and STA or between the LAA eNB and UE.
· I1: Interference link between the 1st Wi-Fi AP and the 2nd Wi-Fi AP or the LAA eNB.
· I2: Interference link between the 2nd Wi-Fi AP or LAA eNB and the 1st Wi-Fi STA. 
· I3: Interference link between the 1st Wi-Fi AP and the 2nd Wi-Fi STA or LAA UE.
· I4: Interference link between the 1st Wi-Fi STA and the 2nd Wi-Fi STA or LAA UE.  
· Please note that I4 is not relevant for the case where only DL traffic is carried between the LAA eNB and UE or between the 2nd Wi-Fi AP and STA. However, it has been added here for extensibility to Release 14 eLAA, so that the same configuration can be used for a DL/UL traffic between LAA eNB and UE or between 2nd Wi-Fi AP and STA. 
· Attenuators are used (not shown in the diagram) to control the strengths of each link.
· For simplicity, in this initial set of tests, all the signal and interfering links are set to the same level which takes the values {TL1,TL2,TL3,TL4}
· Tests are performed at the following different levels:  TL1= -57dBm, T L2 = -67dBm, TL3 = -77dBm, TL4 = -82dBm. 
· This is done in order to test the sensitivity (if any) of the fair coexistence between LAA and Wi-Fi to different values of the received signal and interference level
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1. The Wi-Fi AP and STAs used in the test shall be chosen as below and shall have the minimum configurations as specified below. It is important to specify a minimum configuration in order to ensure test repeatability and to eliminate unexpected device behavior arising from potential violation of the standards or product bugs. The procedure for choosing Wi-Fi devices and the configurations proposed below follows the agreements reached between LTE and Wi-Fi companies as part of a similar LTE-U – Wi-Fi coexistence test plan developed by the WFA ([7], [8]).    
a. The test shall specify a set of Wi-Fi devices approved for testing. The set of devices approved for testing LTE-U – Wi-Fi coexistence in the WFA test plan ([7], [9]) and can be used as an example. The list of approved devices can be updated over time based on changes in technology, market profile etc.

b. Devices must be Wi-Fi CERTIFIED
c. PHY version: 802.11ac. 
i. The LAA TR [4] mandates the use of only 802.11ac for coexistence evaluations.
d. EDCA parameters for channel access: Unlike LAA, EDCA parameters in Wi-Fi are configurable. Hence, the test must specify a configuration for the Wi-Fi EDCA parameters. The EDCA parameters specified in ETSI 301 893 [6] shall be used. 3GPP RAN1 has also adopted the EDCA parameters specified in ETSI 301 893 for Release 13 DL LAA and Release 14 UL LAA [11].   
i. AP: Table 8 in section 4.2.7 of [6]
ii. STA: Table 7 in section 4.2.7 of [6] 
e. VoIP:  WFA VoWi-Fi Enterprise Certification [10] for AP and STA. 
2. The LAA eNB and UE shall use the EDCA parameters specified in the LAA specification (Table 15.1.1-1of [10]).
3. Common parameters:
a. Channel bandwidth: 20 MHz
b. Channel model: AWGN with orthogonal channel matrix.
c. Antenna configuration: DL: 2Tx2Rx, UL: 2Tx2Rx. This is similar to the configuration in the LAA TR [4].
d. The goal of the coexistence tests is to test fair channel sharing between LAA and Wi-Fi. For this reason, the test shall disable parameters that can make a device reduce channel access for data transmission or reception but are unrelated to the channel access procedures in either LAA or Wi-Fi. Such parameters are listed below. This is not an exhaustive set .The complete set of such parameters shall be decided based on further discussion 
i. Wi-Fi: 
1. Disable back ground scanning. 
2. Disable power optimization modes.
3. Disable features (if any) that are not compliant with 802.11 specifications.

ii. LAA: 
1. Disable cell search and measurements
2. Disable DRX
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Goal: Test if downlink LAA coexists fairly with a Wi-Fi network carrying Best Effort data between an AP and an STA.
Test procedure:
Metric: Throughput for the Best Effort data stream in the reference Wi-Fi network.
Test duration = 30 seconds for each step, from the start of data transfer in the reference network.
Traffic load/type: 
· Reference network: Full buffer UDP
· Test network:
· Full buffer UDP
· Voice stream (g.711 64kbps voice codec) 
· LAA operations on an unlicensed carrier need carrier aggregation with a licensed carrier. So, it is clarified that the data packets of the traffic types mentioned above are transmitted over the unlicensed LAA carrier only.

Step 1. Reference Wi-Fi network. 1 Best Effort data stream between 1 AP and 1 STA.
Step 2. Two co-channel Wi-Fi networks. 
· Reference Wi-Fi network: 1 Best Effort data stream between 1 AP and 1 STA.
· Test Wi-Fi network: 
Step 2a. 1 Downlink Best Effort data stream from 1 AP to 1 STA.
Step 2b. 1 Downlink Best Effort data stream and 1 Downlink voice stream from 1 AP to 1 STA. This step is relevant only in evaluating LAA eNBs and UEs that support voice transmission over the unlicensed spectrum.
Step 3. Steps 1 and 2 are repeated N times for statistical convergence.  A template value of N can be 25.
Steps 1 through 3 are performed to generate the baseline data to be used to create pass criteria for the coexistence of LAA with Wi-Fi using methods described below.  These steps need not be repeated each time a new LAA device is tested.  These steps are performed with a representative set of APs and STAs that satisfy the test equipment configuration specified in Section 2.2.  The representative set of devices and combinations shall be specified as part of the multi-node test specification.  As with other 3GPP specification updates, this set can be updated based on changes in technology, market profile, etc.
Step 4. The test Wi-Fi network is replaced by an LAA network. The procedure in Step 2 is repeated.
Step 5.  Step 4 is repeated N times for statistical convergence. A template value of N can be 25.
Steps 4 and 5 are performed with the same representative set of APs and STAs used in Steps 1 through 3.
Steps 4 and 5 comprise all the runs of a single test. 
Multiple tests are run by repeating the above test by varying the following parameters:
· Signal and interference levels TL1 to TL4 as defined in Section 2.1.
· Separately for the downlink, uplink and bidirectional (downlink + uplink) Best Effort transmissions of the reference Wi-Fi network. 
Hence, the total number of tests is 4x3=12.
Pass criteria: 
· Principle: The normalized Best Effort throughput of the reference Wi-Fi network shall be equal or better in the presence of the LAA network than in the presence of the test Wi-Fi network. The normalized throughput is defined as the throughput of the reference Wi-Fi network in Step 2 divided by the throughput of the reference Wi-Fi network in Step 1. 
· This shall be separately true when the LAA network carries Best Effort data and when it carries concurrent Best Effort and Voice data (if applicable). 
· The evaluation procedure used for adjudging throughput fairness is as below. 
· Generate the cumulative distributions CUWW_BE and CUWW_BE_VO of the normalized throughput of the reference Wi-Fi network in the presence of Best Effort and concurrent Best Effort and Voice data respectively in the test Wi-Fi network. 
· The distributions are generated over the representative set of APs and STAs and their combinations and the number of iterations N. 
· Generate the cumulative distributions CUWL_BE and CUWL_BE_VO of the normalized throughput of the reference Wi-Fi network in the presence of the Best Effort and if applicable concurrent Best Effort and Voice data respectively in the LAA network. 
· The distributions are generated over the representative set of APs and STAs of the reference Wi-Fi and the number of iterations N. 
· Let M = {5%ile, 25%ile, 50%ile, 75%ile, 95%ile}
· Let the test tolerance margin be 10%
· Then, the updated pass criteria is:
· For each test i.e. for each combination of signal and interference level and for downlink, uplink and bidirectional Best Effort data of the reference Wi-Fi network and for each percentile M of the cumulative distribution:
M of CUWL_BE >= 0.9 M of CUWW_BE
M of CUWL_BE_VO >= 0.9 M of CUWW_BE_VO

Test for Coexistence Impact of Downlink LAA on a Wi-Fi Network carrying bidirectional Voice
Goal: Test if downlink LAA coexists fairly with a Wi-Fi network carrying bidirectional Voice traffic between an AP and an STA.
Test procedure:
Metric: 
· Delay, jitter and packet loss count for the voice flow in the reference Wi-Fi network measured using the Received Packet Time Stamp (RPTS) method.
· Outage of the voice flow in the reference Wi-Fi network. 
· A voice flow is defined to be in outage if max {98 percentile latency of DL, 98 percentile latency of UL} is greater than 50ms. The definition is the same as the corresponding definition of outage in the LAA TR [4].
Test duration = 30 seconds for each step, from the start of voice data transfer in the reference network.
Traffic load/type: 
· Reference network: Voice stream (g.711 64kbps voice codec) 
· Test network:
· Full buffer UDP
· Voice stream (g.711 64kbps voice codec) 
· LAA operations on an unlicensed carrier need carrier aggregation with a licensed carrier. So, it is clarified that the data packets of the traffic types mentioned above are transmitted over the unlicensed LAA carrier only.

Step 1. Two co-channel Wi-Fi networks. 
· Reference Wi-Fi network: 1 bidirectional voice stream between 1 AP and 1 STA.
· Test Wi-Fi network: 
Step 1a. 1 Downlink Best Effort data stream from 1 AP to 1 STA.
Step 1b. 1 Downlink Best Effort data stream and concurrently 1 Downlink voice stream from 1 AP to 1 STA. This step is relevant only in evaluating LAA eNBs and UEs that support voice transmission over the unlicensed spectrum.
Step 2. Step 1 is repeated N times for statistical convergence.  A template value of N can be 25.
Steps 1 and 2 are performed to generate the baseline data to be used to create pass criteria for the coexistence of LAA with Wi-Fi using methods described below.  These steps need not be repeated each time a new LAA device is tested.  These steps are performed with a representative set of APs and STAs that satisfy the test equipment configuration specified in Section 2.2.  The representative set of devices and combinations shall be specified as part of the multi-node test specification.  As with other 3GPP specification updates, this set can be updated based on changes in technology, market profile, etc.
Step 3. The test Wi-Fi network is replaced by an LAA network. The procedure in Step 1 is repeated.
Step 4. Step 3 is repeated N times for statistical convergence. A template value of N can be 25.
Steps 3 and 4 are repeated over the same representative set of APs and STAs used in Steps 1 and 2. 

Steps 3 and 4 comprise all the runs of a single test. 
Multiple tests are run by repeating the above test by varying the following parameters:
· Signal and interference levels TL1 to TL4 as defined in Section 2.1.
Hence, the total number of tests is 4.

Pass criteria: 
· Principle: The delay, jitter, packet loss and outage of the reference Wi-Fi network shall be equal or better (lower) in the presence of the LAA network than in the presence of the test Wi-Fi network. 
· This shall be separately true when the LAA network carries Best Effort data and when it carries concurrent Best Effort and Voice data (if applicable). 
· This shall be separately true for each of the above parameters evaluated for the reference Wi-Fi network for each of the tests at the 4 different received test levels TL1 – TL4.
· The evaluation procedure used for adjudging fairness is as below. 
· Generate the cumulative distributions DelCUWW_BE and DelCUWW_BE_VO of the packet delay of the reference Wi-Fi network in the presence of Best Effort and concurrent Best Effort and Voice data respectively in the test Wi-Fi network. Similarly generate the cumulative distributions for the following:
· Jitter: JitCUWW_BE and JitCUWW_BE_VO
· Packet loss: PLCUWW_BE and PLCUWW_BE_VO
· Outage: OutCUWW_BE and OutCUWW_BE_VO
· The distributions are generated over the representative set of APs and STAs and their combinations and the number of iterations N. 
· Generate the cumulative distribution DelCUWL_BE and DelCUWL_BE_VO of the packet delay of the reference Wi-Fi network in the presence of Best Effort and (if applicable) concurrent Best Effort and Voice data respectively in the test LAA network. Similarly generate the cumulative distributions for the following:
· Jitter: JitCUWL_BE and JitCUWL_BE_VO
· Packet loss: PLCUWL_BE and PLCUWL_BE_VO
· Outage: OutCUWL_BE and OutCUWL_BE_VO
· The distributions are generated over the representative set of APs and STAs of the reference Wi-Fi and the number of iterations N. 
· Let M = {5%ile, 25%ile, 50%ile, 75%ile, 95%ile}
· Let the test tolerance margin be 10%
· Then, the updated pass criteria is:
· For each combination of signal and interference level of the test and for each percentile M:
M of DelCUWL_BE <= 1.1 M of DelCUWW_BE
M of JitCUWL_BE <= 1.1 M of JitCUWW_BE
M of PLCUWL_BE <= 1.1 M of PLCUWW_BE
M of OutCUWL_BE <= 1.1 M of OutCUWW_BE
and if applicable (i.e. if the LAA network supports voice over unlicensed spectrum):
M of DelCUWL_BE_VO <= 1.1 M of DelCUWW_BE_VO
M of JitCUWL_BE_VO <= 1.1 M of JitCUWW_BE_VO
M of PLCUWL_BE_VO <= 1.1 M of PLCUWW_BE_VO
M of OutCUWL_BE_VO  <= 1.1 M of OutCUWW_BE_VO

Proposals for Enhancements of the tests
The tests described above are initial tests which test fair coexistence between DL LAA and Wi-Fi in simple configurations. The following enhancements must be considered:
1. Test if a multi-carrier LAA network coexists fairly with a multi-carrier Wi-Fi network, where the LAA eNB is configured to use multi-carrier  Type A and Type B channel access procedures (section 15.1.5 of [11]). 
2. Many channel access procedures in LAA have been designed with an intent to handle collisions due to hidden nodes. In the current test proposal, all nodes are visible to one another at the same strength and therefore, there are no hidden nodes. Variations should be added to change I1/I2/I3/I4 relative to S1/S2 such that hidden nodes are realized (i.e. the transmitter does not see another transmitter but the receiver sees it).
3. In the currently proposed tests, the signal and interference levels are set to the same value for simplicity. In realistic scenarios, the interference level can be significantly higher than the signal level. So, variations should be added to ensure that I1/I2/I3/I4 are significantly higher than S1/S2.
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Similar tests could be used to evaluate the coexistence of:
1. Downlink LAA with Downlink LAA: This would test the impact of a Downlink LAA test network on another Downlink LAA reference network. In this case, the test variations for Uplink and bidirectional traffic on the reference/test LAA network would need to be omitted.
2. Wi-Fi with Downlink LAA: This would test the ability of a Downlink LAA network to operate in the presence of a coexisting Wi-Fi reference network. In this case, the test variations for Uplink and bidirectional traffic on the LAA network would need to be omitted. However, please note that:
· The RAN Plenary report [1] that introduced LAA only defined the criteria for fair coexistence of LAA with Wi-Fi. It did not define fair coexistence of Wi-Fi with LAA. 
· The corresponding LAA TR [4] also defined the baseline test configuration for testing fair coexistence of LAA with Wi-Fi. The TR did not define the baseline configuration for coexistence of Wi-Fi with LAA.
Given the above and given that Wi-Fi devices are already deployed, our understanding is that these tests are meant to record LAA performance metrics indicating the ability of the LAA device to efficiently tolerate presence of Wi-Fi networks.
Conclusions
In this contribution we have proposed an initial set of tests for testing if an LAA network coexists fairly with a co-channel Wi-Fi network. Fairness is tested separately for Best Effort and Voice traffic.
The tests are also easily extendible to test the coexistence of a Wi-Fi network with a DL LAA network and the coexistence of a DL LAA network with another DL LAA network.
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