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Introduction
Energy detection threshold (EDT) is one of the most crucial parameters that affect coexistence since it determines the sensing range of each transmission node. Although it was agreed during the SI and is captured in TR 36.889 [1] that LAA supports a mechanism to lower the ED threshold from a specified value (e.g., -62dBm), there was discussion at RAN1#82 on “why the LAA ED threshold should be lower than the Wi-Fi one from the fair coexistence perspective?” In this contribution, we first intuitively discuss why the LAA ED should be lower than the Wi-Fi one. Then, we confirm it by simulation study and discuss what would be the appropriate ED threshold value for LAA in the scenario of coexistence with Wi-Fi.

Why should LAA EDT be lower than Wi-Fi EDT?
To sense transmissions of surrounding nodes, LAA only supports ED mechanism while Wi-Fi has two detection mechanisms, ED at -62dBm and PD at -82 dBm. This makes imbalance in sensing behavior among Wi-Fi nodes and LAA nodes. 
In a scenario of 1:1
As illustrated in Figure 1, in the scenario where there are one LAA transmission node and one Wi-Fi transmission node, it should be fair that Wi-Fi and LAA have the same ED threshold, i.e., -62dBm, since the sensing range to detect each other is identical. 
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Figure 1. Sensing behaviour of LAA and Wi-Fi in a 1:1 scenario

When an LAA node is transmitting in a multiple nodes scenario
Now, let us consider the scenario where there are multiple Wi-Fi nodes and multiple LAA nodes. In this scenario, when an LAA node is transmitting, as illustrated in Figure 2, surrounding Wi-Fi nodes and LAA nodes sense the ongoing LAA transmission with the same ED threshold. Therefore, it seems to be fair that Wi-Fi and LAA have the same ED threshold, i.e., -62dBm in this case. 
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Figure 2. Sensing behaviour of LAA and Wi-Fi when an LAA node is transmitting in a multiple nodes scenario 
 
When a Wi-Fi node is transmitting in a multiple nodes scenario
Then, we consider the case where a Wi-Fi node is transmitting in a multiple nodes scenario, as illustrated in Figure 3. In this case, if the LAA ED threshold is -62 dBm, the sensing range of other Wi-Fi nodes is much larger than that of LAA nodes. This leads to unfair channel sharing between LAA and Wi-Fi, i.e., LAA takes more shared resources than Wi-Fi. The imbalance can be fixed by LAA lowering the ED threshold, of which appropriate value is studied in the next section through an extensive set of simulations. 
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Figure 3. Sensing behaviour of LAA and Wi-Fi when a Wi-Fi node is transmitting in a multiple nodes scenario


Wi-Fi performance for different LAA ED threshold values
In this section, we study the Wi-Fi performance for different LAA ED threshold values. We compare the Wi-Fi UPT performance between Step 1 and Step 2, according to the evaluation methodology in TR 36.889 [1].  
Simulation Assumptions
· Unless it is stated otherwise, our performance evaluation methodology complies with TR 36.889 [1].
· Indoor/outdoor scenario [1]
· 10 UEs per operator
· FTP only traffic: FTP file size of 0.5 MB 
· The Wi-Fi network not being replaced by an LAA network has DL and UL traffic with 80:20 traffic ratio.
· The Wi-Fi network being replaced by an LAA network and the LAA network have DL only traffic. 
LAA 
· Initial CCA duration and extended CCA defer period: 34 s 
· eCCA slot duration: 9 s
· ED threshold: variable
· CW adaptation 
· CW size set: {16, 32, 64}
· If 10% NACK in the latest DL burst, CW = min(2∙CW, CWmax), 
· Otherwise, reset to CWmin.  
· If the maximum CWS is used for K=3 consecutive eCCA for transmission, reset to CWmin.
· Max burst length: 4 msec

Wi-Fi 
· DL CL-MIMO 
· UL OL-MIMO
· Short GI of 400ns
· No RTS/CTS 
· Maximum CW size: 64 for AP and 1024 for STA

Simulation Results

In this section, we present evaluation results for different LAA ED threshold values, -62dBm, -72 dBm, and -82dBm. In the figures/table below, Step 1 refers to the scenario where both operators use Wi-Fi, which provides a baseline result for comparison with other coexistence scenarios. Note that in Step 1, only operator 1 has both DL/UL traffic and operator 2 has only DL traffic for fair comparison when it is replaced by LAA DL in Step 2. 
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Figure 4. UPT for indoor scenarios
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Figure 5. UPT for outdoor scenarios






Table 1. Summary of Wi-Fi UPT variation when coexisting with LAA compared to the UPT performance when coexisting with another Wi-Fi (Wi-Fi not being replaced with LAA: DL + UL traffic, LAA & Wi-Fi being replaced with LAA: DL only traffic)
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Observations and discussion
· With LAA ED threshold -62 dBm, Wi-Fi UPT severely decreases for both DL and UL when Wi-Fi coexists with LAA compared to when Wi-Fi coexists with another Wi-Fi. 
· With LAA ED threshold -72 dBm, Wi-Fi UPT decreases for many cases when Wi-Fi coexists with LAA compared to when Wi-Fi coexists with another Wi-Fi.
· With LAA ED threshold -82 dBm, Wi-Fi UPT improves for almost all the cases when Wi-Fi coexists with LAA compared to when Wi-Fi coexists with another Wi-Fi.
· LAA impact on the Wi-Fi performance is more severe for UL and for cell edge users (i.e., 5%-tile UPT).
Conclusion
In this contribution, we have discussed the LAA impact on Wi-Fi for different LAA ED thresholds. Based on the discussion, the following proposal is drawn.
Proposal: When LAA coexists with Wi-Fi, it should use an ED threshold that is appropriately lower than the Wi-Fi ED threshold, -62dBm, to ensure fair coexistence.
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