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1. Introduction

In RAN1#82 meeting, it was agreed to identify adaptation rule of energy detection threshold for DL LBT as follows. This paper discusses possible options for energy detection threshold adaptation rule. This paper also discusses the details of energy detection at eNB side considering multiple TX/RX antennas.
Agreements (RAN1#82):
· 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
2. Adaptation of energy detection threshold
Based on the discussion in RAN1#82 meeting, we consider the followings as the principles for ED (energy detection) threshold adaptation for DL LBT operation.

· ED threshold adaptation should consider fairness with ED threshold adaptation of WiFi

· As WiFi AP/STA adapts ED threshold based on detection of WiFi preamble at the transmitter side, LAA eNB may adapts ED threshold based on detection of signal or energy at the eNB side
· ED threshold adaptation should not deteriorate LAA DL throughput significantly

· Condition for lowering ED threshold should not deteriorate DL throughput of planned LAA network significantly

· ED threshold adaptation should not mandate eNB’s WiFi preamble detection

Considering the principles, we consider the following options as candidates for ED threshold rule for LAA DL LBT.
Option 1) eNB adapts ED detection threshold based on the detection of other eNB’s DRS transmission

· eNB decreases ED detection threshold to X_low (e.g. -77dBm) if it detects DRS from other eNBs with reception power over Y (e.g. -77dBm)

· eNB increases ED detection threshold to X_high (e.g. -62dBm) if it doesn’t detect DRS from other eNBs with reception power over Y (e.g. -77dBm) for a given time duration
· This rule may consider DRS only from other operator’s eNBs if inter-operator DRS can be distinguished depending on the further LAA design
Option 2) eNB adapts ED detection threshold based on the measurement of interference from other LAA operator or other system

· eNB measures interference from other operators or other systems by intra-operator common measurement periods
· eNB decreases ED detection threshold to X_low (e.g. -77dBm) if it detects inter-operator/system interference Z for a given time duration

· eNB increases ED detection threshold to X_high (e.g. -62dBm) if it doesn’t detect inter-operator/system interference Z for a given time duration

Suggestion 1: Consider the options above as the candidates for ED threshold adaptation rule for LAA DL LBT.

3. Considerations of multiple antennas in energy detection

· Definition of received energy for LBT with multiple RX antennas

Considering the cases where eNB uses multiple RX antennas or antenna arrays for reception in unlicensed carrier, received energy for LBT operation should be defined clearly. To avoid variation of detected energy levels between eNBs depending on the RX antenna configuration, it is reasonable to define received energy for LBT operation as a function (average/min/max, etc.) of received energy from each RX antenna connector.
Suggestion 2: define received energy for DL LBT as a function (average/min/max, etc.) of received energy from each RX antenna connector at eNB.

· Implication of multiple TX antennas with energy detection threshold

When an eNB uses multiple TX antennas to generate directional antenna gain, it can be ideally considered to adapt energy detection threshold for DL LTE depending on the directional antenna gain since same TX energy with larger directional gain can create larger hidden interference. However, adaptation of energy detection threshold based on directional antenna gain may not be practical considering various possible antenna configurations and dynamics of antenna gain adaptation
Suggestion 3: Directional TX antenna gain of eNB may not be considered in the energy detection threshold for DL LBT
4. Summary and conclusions

In this paper, we discussed energy detection threshold adaptation rule and details of energy detection at eNB side considering multiple TX/RX antennas. Suggestions of this paper are summarized as follows.
Suggestion 1: Consider the following options as the candidates for ED threshold adaptation rule for LAA DL LBT.

Option 1) eNB adapts ED detection threshold based on the detection of other eNB’s DRS transmission

· eNB decreases ED detection threshold to X_low (e.g. -77dBm) if it detects DRS from other eNBs with reception power over Y (e.g. -77dBm)

· eNB increases ED detection threshold to X_high (e.g. -62dBm) if it doesn’t detect DRS from other eNBs with reception power over Y (e.g. -77dBm) for a given time duration

· This rule may consider DRS only from other operator’s eNBs if inter-operator DRS can be distinguished depending on the further LAA design
Option 2) eNB adapts ED detection threshold based on the measurement of interference from other LAA operator or other system

· eNB measures interference from other operators or other systems by intra-operator common measurement periods

· eNB decreases ED detection threshold to X_low (e.g. -77dBm) if it detects inter-operator/system interference Z for a given time duration

· eNB increases ED detection threshold to X_high (e.g. -62dBm) if it doesn’t detect inter-operator/system interference Z for a given time duration

Suggestion 2: define received energy for DL LBT as a function (average/min/max, etc.) of received energy from each RX antenna connector at eNB.

Suggestion 3: Directional TX antenna gain of eNB may not be considered in the energy detection threshold for DL LBT
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