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1 Introduction

Licensed-assisted access (LAA) using LTE is considered as a promising technique to extend the available by aggregating unlicensed bands. To efficiently exploit the unlicensed spectrum and guarantee fair co-existence with other networks operating on the same band, listen-before-talk (LBT) is considered as a suitable solution, where transmission nodes have to sense the channel before transmitting. There is a trade-off between channel utilization and interference avoidance in LBT, where increasing the clear channel assessment (CCA) threshold leads to improved channel utilization while on the other hand introduces more interference, and vice versa, as analyzed in a companion contribution [1]. In this contribution, we present performance evaluation results for LAA-LTE co-existing with LAA-LTE scenarios with different CCA thresholds of energy detection to show the impact of the CCA threshold to LAA-LTE and provide insights into the possibility of adopting adaptive CCA threshold.
2 Performance evaluation for LAA-LTE with different CCA thresholds
By adjusting the CCA threshold of LAA-LTE, the impact to the performance of the LAA-LTE co-existing with LAA-LTE can be illustrated in the following figures.

· Single carrier (Y = 1)
The performance of UPT for various load values under the single carrier case, including outdoor scenario and indoor scenario, is illustrated in the following figures. The average user data rate can be evaluated in terms of average UPT, and the edge user performance is given in terms of 10% UPT.
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Outdoor scenario, average UPT
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Outdoor scenario, 10% UPT
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Indoor scenario, average UPT
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Indoor scenario, 10% UPT


It is shown that by increasing the CCA threshold, the user experiences in both indoor and outdoor scenarios start to improve since the channel utilization and reuse factor are increased. The performance of both average UPT and 10% UPT over various packet arrival rates can be improved at least with a fixed increase of CCA threshold, e.g., from -60dBm required by ETSI regulation to -50dBm. 
On the other hand, at some point increasing the CCA threshold will introduce interference, which degrades the UPT, especially the 10% UPT performances. Thus an optimal CCA threshold can be observed considering the trade-off between channel reuse factor and interference, e.g., -40dBm for average UPT and 10% UPT of indoor scenario in the given simulation. This optimal CCA threshold may be different in different scenarios, so it is beneficial to flexibly adapt the CCA threshold on the basis of the deployment scenario and traffic load to achieve best performance.
· 4 carriers (Y = 4)
The performance of UPT for various load values under the 4 carrier case, including outdoor scenario and indoor scenario, is illustrated in the following figures.
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Outdoor scenario, average UPT
	[image: image6.png]10 10% UPT for outdoor scenario, Y = 4

—— CCA threshold = -B0 dBm

Throughput (Bits/s)

) ; ; ; ; ;

02 04 06 08 1 12 14 15
Packet arival rate




Outdoor scenario, 10% UPT
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Indoor scenario, average UPT
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Indoor scenario, 10% UPT


As compared to Y = 1, the density of cells per carrier is reduced after carrier selection in multi-carrier case. Cells close to each other tend to choose different carriers to avoid interference to each other by carrier selection algorithm. Thus the co-existing nodes on the same carrier are highly isolated. Thus, it is verified that the improvement of both average UPT and 10% UPT with the increase of CCA threshold in the Y = 4 case is not as obvious as that in the Y = 1 case. The UPT first increases with the increase of CCA threshold, then the curves of -30dBm and -40dBm are nearly overlapped since full reuse has been achieved.
Based on the simulation results, following observations are achieved:
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.
3 Conclusion

In this contribution, we provided simulation results to evaluate the impact of adjusting CCA threshold to the performance of LAA-LTE co-existing with LAA-LTE. Based on the discussion, the following observations and proposals are provided: 
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.
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Appendix: Simulation assumptions
The default parameters in the simulation can refer to the baseline in [2]. Besides, some other selected assumptions are given in the following table.

	LAA-LTE Parameters 
	Values

	Carrier number (Y)
	1, 4

	Carrier selection (for Y = 4)
	Each eNB selects the carrier on which the weakest interference is detected.

	Traffic model
	BB. FTP3 with packet size of 0.5Mbyts. 
Low, median, high traffic load are evaluated.

	Tx mode
	MIMO with 1 layer transmission

	LBT scheme
	LBE as defined in EN BRAN V1.8.0 (Category 3)

	CCA threshold
	-60dBm, -50dBm, -40dBm, -30dBm

	Length of extended CCA backoff
	Randomly generate N~[1,32] CCA slots of LAA-LTE

	CCA slot length
	24us

	MPDU size
	NA

	Max transmission time
	13ms

	HARQ 
	Retransmission with max 3times 

	Rate control
	Closed loop

	RTS/CTS
	NA

	MCS
	Includes 256QAM

	Metric
	Average UPT, 10% UPT













































































