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1 Introduction

This contribution discusses the following two tests: 

· The first for testing if an eNB correctly implements the LAA downlink channel access procedures as defined in TS 36.213 section 15.1 [1].   

· The second for testing if the LAA downlink satisfies the following fair coexistence criterion specified by 3GPP RAN: LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier.
The test procedures closely follow the evaluation methodology specified in the LAA TR 36.889 [2].
2 Discussion
2.1 Test for Downlink LBT in LAA 
Goal: Test if the LAA eNB correctly implements the channel access procedures as defined in TS 36.213 section 15.1 [1] for different access priority classes. Separately test the LBT procedure for Best Effort, Video and Voice access priority. 
Test procedure:

Step 1. Two co-channel Wi-Fi networks: each with 1 AP and 1 STA. 

· AP to STA traffic is DL full buffer. 

· Three sub steps: 
Step 1 a. AP uses channel access parameters of Best Effort for data transmission

Step 1 b. AP uses channel access parameters of Video for data transmission

Step 1 c. AP uses channel access parameters of Voice for data transmission
· For each Wi-Fi network, the AP and STA hear each other at -50dBm. 
· The two APs hear each other at -50dBm.
Step 2. The second Wi-Fi network is replaced by an LAA network with 1 eNB and 1 UE with DL full buffer traffic. The Wi-Fi AP and the LAA eNB hear each other at -50dBm. All the steps a. b. c of Step 1) are repeated.
Pass criteria: 

The DL User Perceived Throughput of the reference Wi-Fi network shall be equal or higher in the presence of LAA than in the presence of another Wi-Fi network for all the steps a. b & c, i.e. when Best Effort, Video and Voice access parameters are used for channel access.
Additional notes:

· The test procedure closely follows the evaluation methodology specified in the LAA TR 36.889 [2]. The definition of UPT is given in the section Performance Metrics in Table A.1.1 of the same document.

· In order to test only the LBT behavior, it is essential that both the Wi-Fi and LAA nodes hear each other. That is why it is specified that the Wi-Fi and LAA nodes hear each other at -50dBm which is much above the detection thresholds of all Wi-Fi and LAA nodes. 

· Full buffer traffic is used irrespective of Best Effort, Video or Voice to make the test depend only on the channel access parameters and independent of any traffic distribution.
2.2 Test for Fair Coexistence between Downlink LAA and Wi-Fi
This test checks if downlink LAA satisfies the following fair coexistence criterion specified by 3GPP RAN:

· LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier. 

The test procedure follows the evaluation methodology specified in section 8.1 of the LAA TR 36.889 [2]. It is quoted verbatim below:

“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”  

Goal: Test if downlink LAA coexists fairly with Wi-Fi i.e. salient metrics of a reference Wi-Fi network are equal to or better in presence of LAA than in the presence of another Wi-Fi network. 

Test procedure:

Step 1. Two co-channel Wi-Fi networks. 

· Reference Wi-Fi network: 1 AP transmitting 3 single data streams of Best Effort, Video and Voice respectively to 3 different STAs.
· Test Wi-Fi network: 1 AP transmitting 1 downlink Best Effort data stream to 1 STA.
· Measure Best Effort, Video and Voice metrics of the reference Wi-Fi network in presence of the test Wi-Fi network.
Step 2. The test Wi-Fi network is replaced by an LAA network. The procedure in Step 1 is repeated.

Step 1 and Step 2 are repeated for:

· Separately for the Downlink and Uplink of the reference Wi-Fi network. 
·  For the uplink configuration, the 3 STA(AP links in the reference Wi-Fi network transmit Best Effort, Video and Voice to the AP.

· Treating the downlink and uplink separately enables independent testing of each link.

· Low/medium/high loads corresponding to buffer occupancies between 10-25%, 35-50%, >55% respectively. The buffer occupancy is measured for the BE traffic of the test Wi-Fi network and used to generate the same traffic load for both the test Wi-Fi and LAA network. The procedure for measuring buffer occupancy is specified in Appendix A.2.3 of the LAA TR 36.889 [2].  The definitions of low/medium/high loads also conform to corresponding load definitions specified in the LAA TR.
· Different received signals levels at which the AP/STAs of the reference Wi-Fi network and the LAA eNB and Wi-Fi AP of the test network hear each other. The signal levels are TBD and should be commensurate with the requirements of the RAN1 specification. Template signal levels can be -50dBm, -67dBm, -77dBm, -82dBm,…. 
Pass criteria: 
· The metrics for BE/Video/Voice of the reference Wi-Fi network shall be equal or better in the presence of LAA than in the presence of another Wi-Fi network.

· Metrics:
a. Best Effort: User Perceived Throughput (UPT)

b. Video:  UPT and Latency 

c. Voice: Latency and Outage
All of the above metrics to evaluate fair coexistence are defined in the section Performance Metrics in Table A.1.1 of the LAA TR 36.889 [2]. 
· Pass criteria per metric:  

a. Wi-Fi UPT in presence of LAA >= Wi-Fi UPT in presence of Wi-Fi

b. Wi-Fi Video/Voice Latency and Wi-Fi Voice Outage in presence of LAA <= Wi-Fi Video/Voice Latency and Wi-Fi Voice Outage in presence of Wi-Fi.  
The above test procedure envisages the test Wi-Fi and LAA network to consist of 1 AP/eNB and 1 STA/UE transmitting Best Effort data. It is also proposed that the test be extended to include the following two additional configurations for the test Wi-Fi and LAA network. 
· 1 AP/eNB transmitting 2 single downlink data streams of Best Effort and Video respectively to 2 different STA/UEs

· 1 AP/eNB transmitting 3 single downlink data streams of Best Effort, Video and Voice respectively to 3 different STA/UEs.

3 Conclusions
In this contribution we have defined two tests: one for testing if an LAA eNB correctly implements the downlink channel access procedures as defined in TS 36.213 section 15.1 and the other for testing if downlink LAA satisfies the fair coexistence criterion specified by 3GPP RAN. The test procedures closely follow the evaluation methodology specified in the LAA TR 36.889.
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