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1 Introduction
In this contribution, we present experimental results on LAA and Wi-Fi throughput performance for various LAA DL burst structure scenarios. The experiment was conducted on a prototyping testbed composed of commercially available off-the-shelf hardware that allows us to configure LAA and Wi-Fi parameters for coexistence evaluation [2,4]. We focus on experiments for Wi-Fi downlink traffic only and LAA downlink traffic only.
2 LAA–Wi-Fi Coexistence Testbed

Motivation

In previous RAN1 meetings, the accuracy of the assumptions and network simulation results have been discussed. To further the understanding of the coexistence, LAA testbed was developed to evaluate its performance with commercial Wi-Fi AP. 
Description of Testbed 
The experimental testbed used to study the coexistence of an LAA network with a Wi-Fi network is shown in Fig. 1. The LAA PHY is a modified version of a LTE PHY with discontinuous transmission and Listen Before Talk capabilities, while the Wi-Fi network is composed of a commercial 802.11a Wi-Fi AP and the station. The testbed setup and detailed experimental parameters are described in Annex A. 
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Fig. 1: Experimental lab setup with LAA and Wi-Fi network
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Fig. 2: LAA data burst structure and channel access
The LAA data burst structure is shown in Fig. 2. Discontinuous transmission is implemented by limiting the maximum transmission duration of the LAA databurst to one LTE frame period. Prior to any transmission, the medium is sensed for a fixed duration. If the CCA-ED threshold is exceeded, the medium has been identified as busy. The medium is sensed again for the same fixed LBT period. If the medium has been identified as idle, one LAA data burst is transmitted. The next LBT period starts one radio frame after the LAA data burst has been started. Each data burst consists of n consecutive DL subframes of frame structure type 1 with 0 < n < 11. 

Experimental Coexistence Result

A set of baseline measurements was performed to provide a suitable reference to the LAA–Wi-Fi coexistence measurements. Resource block allocation was varied to emulate different traffic loads. For example, a traffic load of 25% is emulated with a resource block allocation of 25% of NRB. The number of consecutive DL subframes within one LAA data burst was varied to emulate the discontinuous transmission. The results are shown in the following section. 
2.1.1  Baseline Results
2.1.1.1 Wi-Fi Network Baseline Performance

For the Wi-Fi network baseline performance, the Wi-Fi network has been configured according to Annex A and the Wi-Fi downlink only throughput was measured by transmitting at full buffer load from the Access Point to the Station for the  IEEE 802.11a mode, in the absence of an LAA signal. The Wi-Fi network baseline performance can be found in Table 1.
Table 1: WiFi baseline throughput in Mbps

	WiFi Throughput [Mbps]

	20.4


2.1.1.2 LAA Network Baseline Performance

For the LAA network baseline performance, the LAA network has been configured according to Annex A and the downlink only throughput was measured with discontinuous transmission and LBT Cat. 2 enabled, in the absence of a Wi-Fi transmission. The LAA network baseline performance can be found in Table 2.
Table 2: LAA baseline throughput in Mbps for MCS = 28 and different number of consecutive DL subframes within one LAA data burst and a resource block allocation of 25%
	LAA resource block allocation load
	Number of consecutive
DL subframes within LAA data burst
	LAA Throughput [Mbps]

	25%
	10
	19.5

	25%
	8
	16.5

	25%
	6
	12.3

	25%
	4
	8.2

	25%
	2
	4.1


2.1.2 Coexistence Performance 

For the coexistence experiments, the LAA and the Wi-Fi network have the same configuration as the baseline performance measurements.
Table 3 shows the measured downlink only throughput for the coexisting LAA and Wi-Fi networks for different numbers of consecutive LAA DL subframes and a fixed LAA resource block allocation load of 25%.
Table 3: Measured throughput for LAA and WiFi networks for different numbers of consecutive LAA DL subframes and a fixed LAA resource block allocation load of 25%
	Number of consecutive
LAA DL subframes
	 LAA Throughput
[Mbps]
	WiFi Throughput
[Mbps]

	10
	18.6
	1.4

	8
	14.6
	4.2

	6
	11.2
	8.2

	4
	6.6
	12

	2
	3.2
	16.3


Table 4 shows the measured downlink only throughput for the coexisting LAA and Wi-Fi networks for different LAA resource block allocation load and two consecutive LAA DL subframes. It is observed that the Wi-Fi throughput degrades from a peak throughput of 20.4 Mbps to 16.3 Mbps for a RB allocation load of 25% and does not worsen with further increase in RB allocation load upto 80
%. 

Table 4: Measured throughput for LAA and Wi-Fi networks for different LAA resource block allocation loads and two consecutive LAA DL subframes

	LAA resource block allocation load
	 LAA Throughput
[Mbps]
	Wi-Fi Throughput
[Mbps]

	80%
	9.9
	15.8

	60%
	7.3
	16.2

	40%
	4.9
	16.2

	25%
	3.2
	16.3


3 Conclusions
In this contribution, we presented experimental results using an LAA - Wi-Fi coexistence testbed. 
The following observations were made:
Observation 1:
Increasing number of consecutive DL subframes within one LAA data burst adversely impacts Wi-Fi throughput.
Observation 2: 
For a fixed number of DL subframes within one LAA data burst, the resource block allocation load of the LAA system does not affect the Wi-Fi throughput.
We intend to conduct additional experimental evaluations in future contributions to study the coexistence of LAA and Wi-Fi networks
. 
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Annex A: Evaluation methodology

A.1
Experimental Parameters

A.1.1 Common Parameters 
	Parameters
	Value

	Channel
	52

	Center Frequency
	5.26 GHz

	Channel Bandwidth
	20 MHz

	Traffic Model 
	Iperf


	Distance b/w AP and eNB
	1 m (AP and eNB are co-located)


A.1.2 Wi-Fi Parameters 

	Parameter
	Value

	Mode
	802.11a

	Maximum Tx. Power
	20 dBm

	Antenna configuration
	3x3 MIMO

	RTS/CTS
	Disabled

	Coordination
	DCF


A.1.3 LAA Parameters 

	Parameter
	Value

	Tx. Power
	2 dBm

	Antenna Configuration
	SISO

	MCS
	See Sec. 2.4

	Channel access scheme
	LBT Cat 2 with a fixed duration of 66,7 s

	CCA-ED Threshold
	-62 dBm

	Data burst structure
	See Sec. 2.3


A.1.4 Testbed Setup

A.1.4.1 Wi-Fi Network

The Wi-Fi network uses a commercially available Access Point (AP) manufactured by TP-LINK. This is a multimode device that is configured in the testbed for the 802.11a mode. For the purpose of this contribution, the Wi-Fi Network consists of 1 Wi-Fi Access Point and 1 Wi-Fi Station which is a Wi-Fi dongle connected to a laptop.

A.1.4.2 LAA Network

The LAA network uses a NI-USRP RIO 2943R software defined radio (SDR). Each LAA SDR runs a Release 8 based LTE Downlink PHY on an on board FPGA. The baseline LTE PHY has been modified to incorporate various LAA features as described in this Annex. The LAA Network consists of 1 LAA eNB and 1 LAA UE where only downlink transmission is enabled.
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