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1. Introduction
At the RAN#65 meeting, new Rel-13 Study Item on Licensed-Assisted Access using LTE (LAA-LTE) [1] has been approved.  One of the objectives is to identify and define design targets for co-existence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA-LTE services. Evaluation assumption has been discussed at the RAN1 #78bis meeting and some assumptions obtained agreement. On the other hand, there are some assumptions which should be further discussed. 
In this contribution, we propose to promote further discussions on CCA-ED for LAA LBT to ensure fair co-existence between Wi-Fi and LAA.
2. Discussions
For aiming at fair co-existence with Wi-Fi, LAA should support the LBT scheme. The 3GPP standard body has been started to study multiple LBT schemes for LAA, based on the following conventional schemes in ETSI [2]. In the discussion on LBT, CCA-ED is an important parameter to be a good neighbor. LAA and Wi-Fi use the different access scheme and completely different system, so a careful consideration is required.
Wi-Fi LBT uses two energy thresholds association with received signals. The one is CCA-CS threshold = -82dBm to detect Wi-Fi signal, the other is CCA-ED threshold = -62dBm to detect non-Wi-Fi signal. Because there is difference of detected level between CCA-CS and CCA-ED, the area where Wi-Fi node can detect the LAA signal becomes narrower than the one where Wi-Fi node can detect Wi-Fi signal. LAA CCA-ED threshold should be decided with consideration for this different threshold levels.  

One option is to align LAA CCA-ED threshold to Wi-Fi CCA-ED threshold -62dBm. In this LAA and Wi-Fi co-existence scenario, LAA LBT has as high sensitive for other system transmission as Wi-Fi LBT. However, the area where each node can detect signal from other nodes in this co-existence scenario is narrower than the one in the between Wi-Fi and Wi-Fi co-existence scenario. As a result, the frame collision in the co-existence scenario between Wi-Fi and LAA may occur more frequently than the one between Wi-Fi and Wi-Fi. This increase of the frame collision produces decrease of UPTs both LAA and Wi-Fi.

Other option is to align LAA CCA-ED threshold = -82dB which is equal to CCA-CS threshold in Wi-Fi LBT. The frame collision between two systems decreases as a result that LAA node detects the weak Wi-Fi signal between -82dBm and -62dBm. However, from the view point of LAA performance/capacity, if LAA CCA-ED threshold is much lower than the minimum threshold to be a good neighbour, the transmission opportunity from LAA is excessively decreased, and then the LAA UPT becomes depleted. The LBT CCA-ED threshold should be decided in order to maximize the transmission opportunity as much as possible under the condition that the co-existence between LAA and Wi-Fi can be achieved.  

To evaluate the proper CCA-ED threshold to co-exist Wi-Fi and LAA, traffic load should be studied.  In case of light traffic load, for example, multiple nodes do not try to transmit signal at the same time, a node can transmit its signal without waiting to finish other signal transmission. As a result, the CCA-ED threshold level does not affect both LAA and Wi-Fi UPT, and LAA coexists fairly with Wi-Fi.  In case of heavy traffic load, a node needs to wait to finish other signal transmission as an LBT scheme, the improper CCA-ED threshold level is expected to cause undesired results; the higher threshold level increases the frame collision and the lower threshold causes negative impact on LAA UPT significantly as described above.

Figure1 and figure 2 show the 50%_tile of UPT of Wi-Fi and LAA, respectively. We evaluate LBE option B as the typical LBT scheme. The simulation parameters such as the user arrival rate λ of FTP model 1 and LAA CCA-ED threshold value are shown in the following table. Other parameters are described in Appendix.
	LAA LBT scheme
	LBE Option B

· CCA-ED is changed parameter

· Other parameters base on EN 301 893 v1.8.1

	CCA-ED of LAA LBT
	-62, -68, -72, -82 dBm

	Traffic model
	FTP Model 1 as in TR 36.814
· File size: S = 0.5 MB
· User arrival rate: λ is changed parameter

	User arrival rate: λ
	0.2, 0.5, 1.0, 1.5
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Fig.1. the CCA-ED impact for the UPT 50%_tile of Wi-Fi
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Fig.2. the CCA-ED impact for the UPT 50%_tile of LAA
For each lambda value, the proper threshold values for LAA CCA-ED both to maximize LAA UPT and to co-exist LAA and Wi-Fi are as follows: 

· Lambda <= 0.2: CCA-ED = -62dBm

· Lambda = 0.2—0.5: CCA-ED = -68dBm

· Lambda = 0.5—1.5: CCA-ED = -72dBm

These results show that the proper CCA-ED threshold value depends on lambda value. 

Observation: The traffic load affects the LAA CCA-ED threshold to comply both conditions to co-exist LAA/Wi-Fi and to maximize LAA UPT.
Proposal: To study LAA CCA-ED threshold to ensure the co-existence between LAA and Wi-Fi, the range of traffic load should be discussed and defined.
3. Conclusion

Observation: The traffic load affects the LAA CCA-ED threshold to comply both conditions to co-exist LAA/Wi-Fi and to maximize LAA UPT.
Proposal: To study LAA CCA-ED threshold to ensure the co-existence between LAA and Wi-Fi, the range of traffic load should be discussed and defined.
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Appendix
	System bandwidth per carrier
	20MHz

	Carrier frequency 
	5.0GHz

	Number of carriers
	1

	Total BS TX power 
	18 dBm across aggregated carriers

	Total UE TX power 
	18 dBm

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU Umi 
[referring to Table B.1.2.1-4 in TR36.814]

	Antenna Height: 
	10 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	5 dBi

	Antenna gain of UE
	0 dBi

	Number of clusters/buildings per macro cell geographical area
	1

	UE dropping for each network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band
Example of a dropping method to achieve this with N=10 UEs: 

· Drop a large enough number of UEs, so that at least 10 UEs are covered by the small cell in the unlicensed band. 

· Randomly select 10 UEs from the UEs that have coverage.

100% of UEs are outdoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Inter-operator small cell-small cell: 10 m

	
	Small cell-UE, UE-UE: 3m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster

	Additional comments
	[LAA] LAA without licensed carrier, TxOP: 4ms, SISO, no 256QAM, 
[Wi-Fi] no 256QAM,
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