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1. Introduction
In RAN #68 meeting, the WI on Licensed-Assisted Access (LAA) was approved [1]. The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems. Listen-Before-Talk (LBT) is a key mechanism to avoid interference between different nodes, which is mandated by European regulation and Japan regulation. As agreed in RAN1#82 meeting [2],

Agreements:
· RAN1 shall identify adaptation rules for LAA to adaptively lower the maximum energy detection threshold to ensure co-existence with other RATs including Wi-Fi and good performance of LAA
· Technologies that ensure co-existence with other RATs including Wi-Fi, using alternative means not requiring lowering of the maximum energy detection threshold, are not precluded.
· At least the following shall be considered in defining the adaptation rules of the maximum energy detection threshold:
· Antenna gain and number of transmit antennas

· Coexistence with LAA in absence of other RATs including Wi-Fi

· The maximum rated EIRP of the LAA transmission point within unlicensed band
· The maximum EIRP within the transmission burst following the LBT procedure 
· The transmission bandwidth
· Measured ambient noise floor
· Deployment scenario: Indoor, outdoor
· Estimated Load on the operating channel

· Feasibility of the co-existence test

· Single global solution

· In regions and bands/sub-bands without regulations, define an upper bound for the maximum energy detection threshold taking into consideration
· May be based on bandwidth and presence of other RATs
Hence, in this contribution, we provide our views on rule for energy detection threshold adaptation.

2. Energy detection threshold adaptation
In a LTE system running LBT, the devices should perform a Clear Channel Assessment (CCA) before transmitting in the radio channel. The channel is detected as occupied if the detected energy level is above ED threshold. For LBT Category 4, if the channel is considered as free, the equipment is allowed to transmit immediately; otherwise, an ECCA procedure is started, i.e. randomly generate a number N with the range of [1, CW], and channel occupation is allowed when N idle CCA slots are detected. 

In WiFi, the ED threshold is defined as -62dBm if WiFi preamble is not detected and is -82dBm if WiFi preamble is detected. When WiFi preamble is detected, an even lower ED threshold applies that is to further reduce the probability of hidden terminal. 
However, since LAA eNB would perform a CCA check based on a single ED threshold (e.g. -62dBm), it may results in unfairness on channel access opportunities compared with WiFi in particular scenarios. Therefore, it was discussed in the last RAN1 meeting that LAA would have different maximum ED thresholds to ensure coexistence with WiFi.

Condition of different ED thresholds for LAA
If it is allowed to apply different ED thresholds for LAA, the conditions for which ED threshold would be applied could be for the case 1) when eNBs are able to detect the start and duration of Wi-Fi transmissions on the same carrier at a received energy level of -82dBm/20MHz, 2) when it is known that there are no nearby co-existing WiFi network on the same carrier, 3) when eNBs are not capable of detecting an ongoing WiFi transmission on the same carrier. In case of 1) and 2), higher maximum ED threshold (e.g. -62dBm/20MHz) could be applied than other case 3) where -72dBm/20MHz can be the maximum ED threshold for instance.
Proposal 1: According to eNB’s capability/functionality of detecting an on-going WiFi transmission, different energy detection thresholds could be applied for LAA.
Maximum ED threshold for LAA
During the last RAN1 meeting and email discussions, there are two alternatives are given below for the upper limit on the ED threshold for LAA

· Alt 1: Tmax = -75 dBm/MHz + 10log10(BW) (MHz), if PH ≥ 23 dBm. Otherwise Tmax = -75 + (23 - PH) dBm/MHz + 10log10(BW) (MHz)
· PH is the maximum band-specific EIRP (e.g. 23 dBm)

· Alt 2: Tmax = -75 dBm/MHz + 10log10(BW) (MHz)

To allow flexibility and optimization of LAA operation in different region/band of unlicensed carrier, it is desirable that upper limit on the ED threshold should be a function of maximum transmission power allowed by region/band-specific regulation. For example, if maximum transmission power is lower than a threshold (e.g. 23dBm), maximum ED threshold can be increased since it would cause less interference to other nodes while increasing frequency reuse in unlicensed carrier. On the contrary, for the region/band to allow high transmission power than the threshold, reducing ED threshold in some degree would be beneficial to minimize interferences in the unlicensed carriers. Therefore, we prefer Alt 1 as a rule for determining maximum ED threshold.
Proposal 2: Maximum ED threshold should be a function of PH 

Definition of transmit power for ED threshold adaptation
In the last RAN1 meeting, it was discussed that the maximum ED threshold can be adjusted to account for transmit power by increasing the maximum ED threshold by (PH-PTX), where PH is the maximum band-specific EIRP (e.g. 23dBm). Since the maximum ED threshold can be adjusted by transmit power PTX, the definition of PTX should be clarified. There are three alternatives have been discussed as follows:
· Alt 1: Maximum rated EIRP of the DUT (device under test)

· Alt 2:Maximum transmit power for the next transmission burst
· Alt 3: Maximum transmit power for the configured carrier
In our views, due to DL power control capability of LAA and regulation limitation on maximum transmission power in a region/band, the actual transmission power of a LAA device may be much lower than the maximum value determined by power class. Therefore, determining ED threshold by a fixed power level may be too conservative for LAA, hence Alt 2 or Alt 3 is preferred. In case of Alt 2, it is a way to make PTX stand for the temporal maximum transmission power during the next transmission burst after channel is occupied. That means that ED threshold can be dynamically changed by PTX. Equivalently, the allowed PTX could also be derived by the determined ED threshold for LBT operation for the next transmission burst. By this way, it increases the possibility that a CCA slot is determined as idle hence increase the opportunity for channel access at the cost of reducing transmission power. In addition, Alt 2 would beneficial for LAA uplink transmission. It is known that the uplink transmission opportunity of LAA would be quite limited since eNB uplink scheduling must be done first which limits the potential UEs contend for uplink transmission from LTE side. In comparison, all WiFi STAs may contend for the channel at the same time. Since LAA has the mechanism to control the maximum UE transmission power, i.e. Pc_max,c for each uplink carrier, deriving ED threshold based on Pc_max,c is a way enhance uplink performance, without much impact to WiFi co-existence. For Alt 3, PTX can be configured semi-statically. In this case, it could avoid the drawback of Alt 1 to some extent that is too conservative ED threshold determined by always following power class. 
Further, it could be considered to configure different ED threshold for different type of channe/signal even for the same duplex direction. One example is to have different ED threshold for DRS only transmission and DRS with PDSCH transmission. General speaking, the transmission power for DRS only transmission may be lower than DL data burst, so a higher ED threshold could be used. In another example, different ED threshold may be used for different type of UL signals, i.e. UL data, SRS and PRACH preamble. SRS and PRACH preamble may have relatively higher ED threshold than UL data transmission. 

Proposal 3: Maximum ED threshold and PTX should be changed dynamically or semi-statically
ED threshold adaptation based on measured ambient noise floor

In the last RAN1 meeting, it was discussed that whether and how much adjustment based on the measured ambient noise metric would be allowed for ED threshold adaptation. In our views, it is still not clear how to measure the noise floor and apply the measured noise floor even it is available to ED threshold adaptation properly to ensure coexistence with other RATs. The lack of studies and analysis of the impacts of ED threshold adaptation based on measured ambient noise floor, it is preferred that ambient noise floor is not considered in ED threshold adaptation for LAA.

Proposal 4: The measured ambient noise floor should not be considered in ED threshold adaptation for LAA 

3. Conclusions

In this contribution, we provide our views on rule for energy detection threshold adaptation for LAA. The following proposals are made,

Proposal 1: According to eNB’s capability/functionality of detecting an on-going WiFi transmission, different energy detection thresholds could be applied for LAA. 
Proposal 2: Maximum ED threshold should be a function of PH 

Proposal 3: Maximum ED threshold and PTX should be changed dynamically or semi-statically
Proposal 4: The measured ambient noise floor should not be considered in ED threshold adaptation for LAA 
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