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1. Introduction
In June 2016 RAN Plenary agreed Study Item for Multi-node tests for LAA [1]. RAN4 already capture LBT functional tests in TS 36.141, while the Multi-node tests are captured in TR 36.789. Still some issues for TR 36.789 are discuss in RAN4 to reflect fair co-existence tests for LAA and 802.11 devices. 
In last RAN4 meeting some test complexity and time requirements for multi-node tests were discussed in [4]. In this contribution, we further discuss issues related to baseline scenario Wi-Fi to Wi-Fi test which is fundamental for whole idea of these multi-node tests for LAA, based on measurements results from WFA Coexistence Test Plan.
2. Discussion
The Multi-node test setup consists of two networks (simplified test setup presented on figure 1), of one AP (eNB) and one STA (UE) each. In the baseline scenario Wi-Fi to Wi-Fi test, two Wi-Fi networks are operating on the same 5 GHz channel. The performance of one of the networks is measured (e.g. throughput). Then one of the networks is replaced by LAA, and the performance of the remaining Wi-Fi network is again measured. Then comparing baseline Wi-Fi to Wi-Fi scenario results with interference scenario LAA to Wi-Fi, co-existence can be asses sing pass/fail criteria. 

[image: image1.png]Psig Psig

Wi-Fi STA Wi-Fi STA





Figure 1. Simplified baseline Wi-Fi to Wi-Fi scenario test setup.
At any Pint level (i.e. interference link level), the preamble detection feature of 802.11 ensures that the two APs will not be transmitting data when the channel is busy. The expected behaviour is that the APs contending for the channel, will share the time about 50%-50% in full buffer conditions using best effort traffic.

Same principles for baseline scenario as 3GPP Multi-node tests are in the Wi-Fi Alliance Coexistence Test Plan [3] for LTE-U, which was created by WFA to measure the impact of an LTE-U device on Wi-Fi network. 
Nokia already did LTE-U certification under WFA Coexistence Test Plan in independent and certified by WFA laboratory (CETECOM), hence we would like to share some outcomes from Wi-Fi to Wi-Fi scenario results which we got from laboratory measurements. 

Figure 2 and 3 present results from Wi-Fi to Wi-Fi baseline scenario from WFA Coexistence Test Plan 4.5 LTE-U impact on Wi-Fi throughput performance test. All details description for this test can be found in WFA Coexistence Test Plan [3]. Procedure B for test 4.5 consist of two Wi-Fi networks that each contain one AP connected to one STA for 20 MHz channel. Here in Figure 2 and 3, results are presented for Phase 1 which is full buffer load. Normalize throughput from two Wi-Fi networks is compare with clear channel throughput (only one Wi-Fi network). These results show how one Wi-Fi network co-exist with another Wi-Fi network.
Combinations from 1 to 12 are different Wi-Fi devices combinations for devices which are chosen in WFA Coexistence Test Plan. In WFA Coexistence Test Plan specification there are 3 Wi-Fi AP devices and 2 STA devices which were chosen to represent Wi-Fi products. Combinations from 1 to 12 are different Wi-Fi devices combinations for devices which are chosen in WFA Coexistence Test Plan. Each WiFi AP – STA combination (BSS1, 6 combo) was measured twice with 2 different WiFi AP – STA combinations (BSS2). All Wi-Fi devices in WFA test specification are certified by WFA. Figures present results from five different runs of test for given device combination.

Figure 2 presents results for Test Level 2 which is -67 dBm, and figure 3 presents result for Test Level 3 which is -82 dBm.
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Figure 2. Wi-Fi to Wi-Fi baseline scenario (Procedure B) from section 4.5 of WFA Co-ex plan, Phase 1( full buffer), Test Level 2 (-67 dBm)
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Figure 3. Wi-Fi to Wi-Fi baseline scenario (Procedure B) from section 4.5 of WFA Co-ex plan, Phase 1 ( full buffer), Test Level 3 (-82 dBm)

The actual observed time split seems to differ from 50%-50%, to as much as ~20% to 90% for Test Level 2 (-67 dBm). For lower Test Level 3 (-82 dBm) variance of results is even wider from ~2% to ~95%. This results show that some Wi-Fi devices are very aggressive compare to other Wi-Fi devices and don’t share channel fairly.  
Observation 1: Different Wi-Fi devices don't share channel fairly. Some Wi-Fi devices are more aggressive, some other less. 
It is very visible that from one test run to next test run, results are very different. This is visible for both test levels (-67 dBm and -82 dBm), but especially this is significant different for low signal level in Test Level 3 (-82 dBm). For example, for combination 4 in Figure 3 results vary from below 20% to above 90%. 

During RAN4 discussions on Multi-node test we many times claimed that repeatability of tests especially for very low signal levels (eg. -82 dBm) is very problematic.
Observation 2: For very low signal level from one run test to next one, results may vary significantly.
Another observation is that for the same set of AP – STA (BSS1) which is paired with 2 different combinations of AP – STA, results of throughput change is different. For example, if we take BSS1 combination: Combo 1 and Combo 10 which use the same set of Wi-Fi devices set, when used with BSS2 set 1 (Combo 1), BSS1 throughput is in range of mostly 80%-85%; when used with BSS2 set 2 (Combo 10), it is the range of 35%-42%.  So, in presence of one set of BSS2, victim Wi-Fi combination is very dominant, but with another set of BSS2, BSS2 is more dominant.

 Observation 3: For the same set of Wi-Fi devices in baseline scenario achieves significant different results in throughput performance. 
Taking account above observations, it is important to choose appropriate interfering signal levels and SIR for Multi-node tests for LAA to be sure that these tests would be meaningful. To achieve real and fair co-exitance test results, test condition should take into account Wi-Fi devices behaviour which are on the market. 
3. Conclusion

In this contribution, we discuss measurements results from Wi-Fi to Wi-Fi baseline scenario results from WFA Coexistence Test Plan. We have made following observations:
Observation 1: Different Wi-Fi devices don't share channel fairly. Some Wi-Fi devices are more aggressive, some other less. 

Observation 2: For very low signal level from one run test to next one, results may vary significantly.

Observation 3: For the same set of Wi-Fi devices in baseline scenario achieves significant different results in throughput performance. 
Taking account above observations, it is important to choose appropriate interfering signal levels and SIR for Multi-node tests for LAA to be sure that these tests would be meaningful. To achieve real and fair co-exitance test results, test conditions should consider Wi-Fi devices behaviour which are on the market. 
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