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1 Introduction

LAA design in unlicensed bands is based on the Listen Before Talk (LBT) [1] mechanism for co-existence with WiFi and/or another LAA network. In LBT, the energy detection (ED) threshold is one of the parameters exploited to achieve fairness with WiFi. A transmitter (or LAA LPN) checks the energy received against the ED threshold before a transmission. The transmission proceeds only if the energy received is lower than the ED threshold.  As the ED threshold increases, the effective sensing range of each LAA node (eNB or UE) is reduced, which in turn increases the number of simultaneously transmitting nodes (eNBs and UEs). It is often accepted that in conventional LTE systems, frequency reuse 1 improves the average cell/UE throughput performance (not cell-edge UE performance). However, when the eNBs are densely located or the deployment is unplanned, as in potential LAA deployment scenarios (e.g., in indoor scenarios where multiple operators can be densely deployed in an uncoordinated manner), time division multiplexing based approaches (e.g., due to LBT) can be sometimes more efficient. Specifically, LAA utilizing LBT with the choice of lower ED detection threshold might provide better performance by effectively applying time division multiplexing and, thus, achieving lower interference. 

In this contribution, we study the impact of the LAA ED threshold on the performance of Wi-Fi and LAA. The purpose of this contribution is two-fold:
1) We study the impact of the ED threshold for the LAA + LAA case. 
2) We study the impact of the ED threshold for the WiFi + LAA case.  
2 Performance Results 
In our simulation, we follow the evaluation methodology in [2]. In this contribution, we focus on the impact of the LAA ED threshold on LAA+LAA and WiFi+LAA performance. 
We study the DL only case where both LAA and WiFi have downlink FTP traffic. Note that ED threshold related changes are applied only to LAA. WiFi uses the specified ED threshold value of -62 dBm. 
LAA+LAA indoor scenario
We first study the impact of ED on the LAA+LAA performance. We consider an LAA+LAA indoor scenario where both licensed and unlicensed bands are used. 
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Figure 1 Average UPT throughput for the LAA+LAA indoor scenario with licensed band 
Figure 1 shows the average UPT for LAA as ED is varied from -22 dBm to -82 dBm in decrements of 20 dB. We also evaluate a special case when LBT is not used for LAA. In Figure 1, we show the UPT for the licensed and unlicensed bands and the UTP for the unlicensed band only.  We can observe that as ED is decreased from -22 dBm to -82 dBm, the UPT performance improves noticeably. The gain largely comes from the gains in the unlicensed band operation. The performance saturates around -62 dBm for high load. However, the performance is worst when ED is close to 0. In other words, the performance without LBT is significantly worse compared to low ED thresholds. 
WiFi+LAA scenario

In this section, we study the impact of the ED threshold on the LAA-WiFi performance. We consider a WiFi+LAA indoor scenario where unlicensed bands are used (no licensed carrier for LAA PDSCH transmission). 
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Figure 2 Average UPT throughput for the WiFi-LAA indoor scenario with unlicensed band only
Figure 2 shows the average UPT for WiFi and LAA as the ED threshold for LAA is varied from -22 dBm to -82 dBm in decrements of 20 dB. We also evaluate the case when LBT is not used LAAs.  Similar to previous case, we observe that as the ED threshold is decreased from -22 dBm to -82 dBm, the performance improves both for WiFi and LAA. The performance is worst when ED is close to 0. Without LBT the performance is significantly worse compared to low ED thresholds. 

As a final remark, the investigated cases in this contribution show the importance of interference reduction by utilizing the TDM approach for dense network deployments. LBT inherently provides such capability. 
3 Conclusions
In this contribution, we discuss the effect of the ED threshold on co-channel co-existence between multiple LAA LTE operators as well as between LTE and WiFi. Based on the presented discussion and results, we summarize our observations as follows:

Observation 1: The ED threshold is an important design consideration even between LAA operators. Lower ED thresholds can boost the LAA performance in the indoor scenario.  
Observation 2: Proper choice of the ED threshold can improve the LAA and WiFi performance in the WiFi + LAA indoor scenario. 
Observation 3: The optimal ED values depend on the network load and deployment scenario.
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