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Introduction
Energy detection threshold is one of the most crucial parameters that affect the coexistence between Wi-Fi and LAA since it determines the sensing range of each transmission node. 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/20MHz). In this contribution, we first discuss what ED threshold value would be a good choice for fair coexistence in the case when LAA networks and Wi-Fi networks coexist on the same 20MHz channel. Then, we provide an ED threshold adaptation rule for LAA.

What would be an appropriate max LAA ED threshold for fair coexistence with Wi-Fi?
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Figure 1. Average UPT, 5th-percentile UPT, and average channel access delay for Wi-Fi and LAA with different LAA energy detection thresholds
The controversy on the LAA ED threshold originates from the fact that Wi-Fi applies two different thresholds, -82dBm for preamble detection and -62dBm for energy detection. The usage of two thresholds implies that a Wi-Fi node detects transmissions of other Wi-Fi nodes at -82dBm while it detects LAA transmissions at -62dBm. Given that Wi-Fi like preamble detection mechanisms have not been considered for LAA, in other words, LAA only applies energy detection, the LAA ED threshold can be a crucial parameter affecting the coexistence between LAA and Wi-Fi. Under such asymmetric conditions, it would be challenging to define a single LAA ED threshold value since the optimal ED threshold can be different for different deployment scenarios. For example, as discussed in [2], -62dBm would be the best choice for LAA in terms of fair channel access between LAA and Wi-Fi in the scenario where there are only one Wi-Fi transmission node and only one LAA transmission node. In contrast, LAA ED threshold of -62dBm would cause an unfairness problem in the scenario of many Wi-Fi nodes and LAA nodes coexisting in the same locality, where the LAA ED threshold should be lower than -62dBm. 
Figure 1 provides various statistics gathered from simulations to give an insight on the section of an appropriate LAA ED threshold for coexistence with Wi-Fi. Simulations comply with the coexistence evaluation methodology defined in TR 36.889. Additional details on simulation assumptions are given in Appendix. In the figure, ‘channel access delay’ is defined as the time elapsed for a node to access the channel (i.e., finish an LBT procedure) from the point when the node started the LBT procedure. It is observed from the results that LAA ED threshold of -67dBm would be a reasonable choice from the average channel access delay perspective, while LAA ED threshold of -77dBm would be a reasonable choice from the average UPT perspective. 
Observation: LAA ED threshold of -67dBm would be a reasonable choice from the average channel access delay perspective, while LAA ED threshold of -77dBm would be a reasonable choice from the average UPT perspective. 
Based on the above observation, we propose the maximum LAA ED threshold of -72dBm for coexistence scenarios of Wi-Fi and LAA. 
Proposal: The maximum LAA ED threshold of -72dBm for coexistence scenarios of Wi-Fi and LAA.

LAA ED threshold adaptation rule
It would not be a good design choice for LAA to fix the ED threshold to a value lower than -62dBm/20MHz for all the scenarios. Instead, it would be desirable to allow an LAA network to set ED threshold in a more flexible way so as to optimize its performance, at least in the scenario where the coexistence with Wi-Fi is not a concern. Taking into account both flexibility and coexistence, we propose the following principle: 
“LAA max ED threshold is -62dBm in the scenarios with no coexistence issue, while it is -72dBm in the scenarios of coexisting with Wi-Fi”. 
Details of the proposed LAA ED threshold adaption rule to transmit PDSCH are as follows.
· Max ED threshold = Tmax – Y + (PH – PTX) where
· Tmax = -75 dBm/MHz + 10*log10(BW in MHz), if PH ≥ 23 dBm. 
· Tmax = -75 + (23 - PH) dBm/MHz + 10*log10(BW in MHz), otherwise.
· PH is the maximum transmit power in dBm.
· PTX is the maximum transmit power for the configured carrier in dBm.
· Y is an offset in dB:
· If eNB is able to detect the start and duration of Wi-Fi transmissions at a received energy level of -82dBm (over a 20MHz channel) and it can avoid transmitting during such ongoing IEEE 802.11n/ac transmissions, OR
· If it is known that there is no co-existing Wi-Fi networks on the same carrier, OR
· If eNB is able to detect Wi-Fi transmissions at a received energy level of -82dBm (over a 20MHz channel) and if no Wi-Fi transmission has been detected for the past one second, then for the next one second,
· Y = 0
· Otherwise
· Y = 10

Conclusion
In this contribution, we have discussed LAA ED threshold adaption rule for fair coexistence with Wi-Fi. Based on the discussion, the following observation and proposals are drawn.
Observation: LAA ED threshold of -67dBm would be a reasonable choice from the average channel access delay perspective, while LAA ED threshold of -77dBm would be a reasonable choice from the average UPT perspective. 
Proposal principle of ED threshold adaptation rule for LAA to transmit PDSCH: LAA max ED threshold is -62dBm in the scenarios with no coexistence issue, while it is -72dBm in the scenarios of coexisting with Wi-Fi.
Detailed ED threshold adaptation rule for LAA to transmit PDSCH
· If eNB is able to detect the start and duration of Wi-Fi transmissions at a received energy level of -82dBm (over a 20MHz channel) and that can avoid transmitting during such ongoing IEEE 802.11n/ac transmissions, OR
· If it is known that there is no co-existing Wi-Fi networks on the same carrier, OR
· If eNB is able to detect Wi-Fi transmissions at a received energy level of -82dBm (over a 20MHz channel) and if no Wi-Fi transmission has been detected for the past one second, then for the next one second,
· Max ED threshold for LAA is -62dBm/20MHz.
· Otherwise, Max ED threshold for LAA is -72dBm/20MHz.
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Appendix: Simulation Assumptions
· Unless it is stated otherwise, our performance evaluation methodology complies with TR 36.889 [1].
· Indoor/outdoor scenario [1]
· 20 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. 
· BO: about 70% (to reflect a high loading condition)

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
· [bookmark: _GoBack]Max TXOP: 4 msec
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