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1 Introduction

In RAN#65, a new study item on licensed-assisted access (LAA) using LTE was approved to evaluate LTE enhancements for a single global solution framework [1]. In particular, LAA-LTE could improve the network performance by exploiting efficient utilization of unlicensed spectrum, where licensed spectrum is configured as the primary cell by employing the carrier aggregation technology and unlicensed spectrum is configured as the secondary cell. However, the unlicensed spectrum may be shared by other unplanned nodes, including inter-operator LTE nodes and inter-system nodes such as Wi-Fi and radar. 
Thus the co-existence of LAA-LTE nodes with inter-operator LAA-LTE nodes or Wi-Fi access points (APs) operating on the same unlicensed spectrum should be carefully taken into consideration during the design of LAA-LTE specifications. In this contribution, we discuss the co-existence issues among LAA-LTE systems and provide potential solutions for LAA-LTE systems to achieve high efficient co-existence on unlicensed spectrum.
2 Discussion 
To avoid serious interference and guarantee fair channel utilization for co-existing nodes on 5GHz unlicensed spectrum, the regulation of ETSI requires all transmission nodes to implement listen-before-talk (LBT), i.e., the node has to sense the channel by means of clear channel assessment (CCA) and/or extended CCA (ECCA), and occupy the channel only when it is idle. In order to comply with the requirements of ETSI to achieve a single global framework, LBT should also be supported by LAA-LTE systems.
As required in the ETSI regulation, CCA/ECCA is implemented based on energy detection, where the channel is defined idle if the total interference power during the CCA slot is lower than the CCA threshold. The CCA threshold is defined as, “for a 23 dBm e.i.r.p. transmitter the CCA threshold level (TL) shall be equal or lower than -73 dBm/MHz at the input to the receiver (assuming a 0 dBi receive antenna)”, thus the CCA threshold should be -60dBm for 20MHz bandwidth. By decreasing the CCA threshold, the sensing area becomes wider and relatively robust transmission can be provided with respect to reduced interference; however, this improvement is achieved at the expense of decreasing the reuse factor of the network. In other words, there is a tradeoff between interference avoidance and channel utilization as shown in the following figure.
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Figure 1 Relationship of CCA detection threshold and the sensing area.
The performance of LAA-LTE is less impacted by the interference as compared to that of Wi-Fi due to reliable PHY design of LTE systems in planned networks, including HARQ, AMC, ICIC, IRC, etc, as well as the assistance of licensed carrier. In addition, further improvement can be provided by adopting full reuse among intra-operator LAA-LTE nodes. If LBT is performed among these densely deployed nodes, the network capacity would be significantly impacted since the reuse factor is decreased due to the opportunistic access to the channel. As a consequence, LAA-LTE may exploit capacity gains by allowing a more aggressive channel reuse with an acceptable increase of interference, which can be achieved by configuring a higher CCA threshold. Although the CCA threshold has been regulated by ETSI, it may be still beneficial to evaluate the performance gains resulting from increased CCA threshold. Moreover, this evaluation is more meaningful for regions without mandatory CCA threshold requirements. The simulation results of LAA-LTE co-existing with LAA-LTE have been shown in [4] to evaluate the impact of different CCA thresholds. The following observations can be drawn from the results.

Observation 1: The UPT performance in various scenarios can be improved by adjusting the CCA threshold of LAA-LTE to increase the reuse factor.

Observation 2: It would be beneficial to flexibly adapt the CCA threshold of LAA-LTE according to the deployment scenario to optimize the performance of LAA.
Observation 3: The effectiveness of increasing the CCA threshold of LAA-LTE is more obvious in dense deployment scenarios.
It was mentioned in the objective of the SI that “LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier”. Increasing the reuse factor of LAA-LTE networks should not impair the performance of co-existing Wi-Fi networks. Since Wi-Fi is more sensitive to interference and increasing the reuse factor of LAA-LTE nodes may potentially decrease the channel occupancy opportunities of Wi-Fi, it would be more polite to apply the adaptive CCA threshold when there are only LAA-LTE nodes around.
Therefore, it seems beneficial to introduce LAA-LTE intra-system signal detection to recognize other neighbouring nodes during the CCA. The transmitter could appropriately increase the CCA threshold of the energy detection in case it recognizes that the LAA-LTE interference makes up a considerably high proportion of the total interference power in energy detection. Otherwise, the CCA threshold of energy detection should keep unchanged or appropriately decreased to guarantee fair co-existence with Wi-Fi. 
Proposal 1: Introduce LAA-LTE intra-system signal detection to facilitate adjusting the CCA threshold. 

3 Conclusion

In this contribution, we revealed the conflict of interference and channel utilization for LAA-LTE co-existing with LAA-LTE scenario, and we evaluated the impact of CCA threshold to the performance of LAA-LTE on the basis of simulation results. Based on the discussion, the following observations and proposals are provided: 
Observation 1: The UPT performances in various scenarios can be improved by adjusting the CCA threshold of LAA-LTE to increase the reuse factor.

Observation 2: It would be beneficial to flexibly adapt the CCA threshold of LAA-LTE according to the deployment scenario to optimize the performance of LAA.
Observation 3: The effectiveness of increasing the CCA threshold of LAA-LTE is more obvious in dense deployment scenarios.
Proposal 1: Introduce LAA-LTE intra-system signal detection to facilitate adjusting the CCA threshold. 
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