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1 Introduction
At RAN1 #82 meeting, it was agreed that RAN1 shall identify adaptation rules for LAA to adaptively lower the maximum energy detection threshold. Then at RAN1#82bis meeting, it was agreed that RAN1 first identifies cases for ED threshold adaptation and rules for each case. In this contribution the adaptation rules and identified cases for LAA energy detection threshold are discussed.
2 Adaptation rules of energy detection threshold
There are two broad scenarios where the ED threshold used by LAA may be chosen differently, depending on whether LAA only needs to coexist with LAA or whether LAA needs to also coexist with other technologies including Wi-Fi. Note that for the latter case, the minimum ED threshold needed to ensure limited impact to Wi-Fi VoIP outage also depends on the propagation environment (indoor vs. outdoor). The discussion below assumes an operating bandwidth of 20 MHz and a EIRP of 23 dBm. The energy detection (ED) threshold values T_high and T_low are such that T_high ≥ -62 dBm and T_low ≤ -62 dBm.
· Scenario 1: an unlicensed band is known not to be used for non-LTE system
· LAA uses a single ED threshold, where the energy detection threshold for LAA operators can be set higher than T_high by coordination between LAA operators. 
In scenario 1, an unlicensed band or a set of channels in unlicensed band is known not to be used for non-LTE system (e.g. Wi-Fi), for example by regulations or by coordination among LAA and Wi-Fi operators or because Wi-Fi equipment cannot operate in certain frequency ranges (this latter condition is not applicable to the 5 GHz spectrum), then T_high used by LAA operators may be set higher than -62 dBm. In such scenario, LAA operators may need to coordinate their ED threshold. Based on the simulation results [1], when only LTE transmission is detected, LAA can improve the user experience by means of increasing the energy detection threshold above -62 dBm.
· Scenario 2: an unlicensed band is known to be used by non-LTE systems including Wi-Fi 
· If LAA uses a single ED threshold in each CCA slot
· LAA uses an ED threshold of T_high as long as the cell continuously establishes that there is no Wi-Fi presence (if the LAA eNB has such capability or if the LAA eNB receives Wi-Fi measurement reports from UEs), otherwise LAA shall use an ED threshold of T_low
· If LAA uses multiple ED thresholds in each CCA slot, a CCA slot shall be declared busy if energy is detected above the threshold in at least one of the two cases below
· LAA shall use an ED threshold of T_low for detecting non-LAA transmissions. T_low may be adapted to indoor vs. outdoor operation
· LAA uses an ED threshold of T_high for detecting other LAA transmissions

Using a single ED threshold is restrictive to LAA if the presence of Wi-Fi is intermittent, since the LAA network would have to make a conservative assumption that Wi-Fi is present continuously and operate accordingly with a low ED threshold of T_low, or the LAA eNB should be equipped with the capability to detect the 802.11 preamble and then read the PHY header or the NAV and respect the Wi-Fi reservation. On the other hand, using two ED thresholds for detecting LAA transmissions and non-LAA transmissions concurrently would allow LAA to dynamically react to the presence of Wi-Fi with minimum complexity.
To enable the concurrent detection of LAA and non-LAA transmissions, separate sensing resources should be allocated. The sensing resource for detecting non-LAA transmissions should be such that no LAA node transmits in that resource. This resource could be a muting pattern applied continuously to all LAA transmissions such that any CCA slot includes a sufficient amount LAA muting resources for receiving signals such as Wi-Fi preambles and Wi-Fi packets [2].

In summary, two types of sensing resources are defined:
· Wideband “WB” CCA slot: for the detection of LAA and non-LAA transmissions
· Resource-restricted CCA slot: for the detection of non-LAA transmissions (*) in LAA muted subcarriers
(*) note that without coordination of the muting pattern among LAA operators, one operator would also be measuring energy from LAA transmissions of other operators in the resource-restricted CCA slot.

Then the following procedure is applied at an LAA eNB performing LBT:

· If WB ED > T_high or AS ED > T_low: CCA slot busy
· If WB ED < T_high and AS ED < T_low: CCA slot idle

It is quite obvious that the two scenarios above can be handled with a single LAA eNB sensing procedure based on the concurrent sensing of two resources with two energy detection thresholds, which would fall back to a single sensing threshold if a muted resource for sensing non-LAA systems is not configured. 

3 Conclusion

In this contribution, we analyze the adaption rules of LAA energy detection threshold. Based on the analysis, we concluded that using a single energy detection threshold imposes too many constraints to LAA in terms of performance and implementation complexity. Therefore, the following is proposed:
Proposal: LAA uses multiple ED thresholds in each CCA slot. A CCA slot shall be declared busy if energy is detected above the threshold in at least one of the two cases below:

· Energy is received above T_low in an resource-restricted CCA slot used for detecting non-LAA transmissions

· The resource-restricted CCA slot spans a set of subcarriers where no LAA transmission is allowed to take place during the CCA slot 

· T_low may be adapted to indoor vs. outdoor operation
· Energy is received above T_high in a wideband CCA slot used for detecting other LAA transmissions
· T_high may be set higher than -62 dBm by making use of coordination between LAA operators (assuming 20 MHz bandwidth and 23 dBm transmission power)
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