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1 Introduction
This contribution is an extension of a previous submission to RAN1 [4].  In this contribution, we present experimental results on LAA and Wi-Fi throughput performance for various LAA DL burst structure scenarios. The experiments were 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. We provide baseline results for WiFi-WiFi coexistence as well as results for coexistence of WiFi and LAA nodes with configurable LBT  Cat4.
2 LAA–Wi-Fi Coexistence Testbed

Motivation
In previous RAN1 meetings, the accuracy of the assumptions and network simulation results have been discussed. Furthermore, there have been substantial discussions regarding the proper setting of the ED threshold.  To further the understanding of the coexistence and the parameters of interest, LAA testbed was developed to evaluate its performance with commercial Wi-Fi AP. 
Description of Testbed
The experimental testbeds used to study the coexistence of two Wi-Fi networks and of an LAA network with a Wi-Fi network are shown in Figure 1a) and Figure 1b), respectively. The LAA PHY is a modified version of a LTE PHY as described in [5] with discontinuous transmission and LBT capabilities, while the Wi-Fi networks are composed of commercial 802.11ac and 802.11a Wi-Fi APs and stations. The distances between the devices are balanced to ensure that the RSSI is below -62 dBm. The testbed setup and detailed experimental parameters are described in Annex A.
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Figure 1 Testbeds used for the experiments
In the following, the channel usage is explained which is considered for the experiments. The 802.11ac VHT40 network is operating on channel 36, see Figure 1a). Hence, channel 36 is the primary channel. The legacy 802.11a network is operating on channel 40, see Figure 1b). For both networks, baseline throughput values without interference of any other network are given in Sec. 2.4.1.1. Throughput in case of Wi-Fi/Wi-Fi coexistence is given in Sec. 2.4.2.1. In the next step of the experiment, the legacy 802.11a network is replaced by the LAA network also working on channel 40, see Figure 1c) The LAA baseline throughput without interference is shown Sec. 2.4.1.2. Throughput in case of LAA/Wi-Fi coexistence is given in Sec. 2.4.2.2.
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Figure 2 Considered channel usage for the 802.11ac VHT40, 802.11a legacy and LAA networks, respectively
LAA Databurst Structure and Channel Access
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Figure 3: LTE data burst structure and channel access with LBT Cat 4
The LAA data burst structure is shown in Figure 3. Discontinuous transmission is implemented by following Load-Based-Equipment (LBE) approach and by limiting the maximum transmission duration of the LAA databurst to TXOP, which is configurable from 1 ms to 10 ms. Prior to any transmission, the medium is sensed according to LBT Cat 4, which follows Fig. 7.2.1.6-1 of [2]. The energy detection threshold, contention window are configurable. The initial CCA period and the eCCA defer period are both set to 34 s. The slot duration is set to 9 s.
Experimental Coexistence Result
Full buffer is considered for all experiments conducted.
2.1.1 Baseline Results
2.1.1.1 Wi-Fi Network Baseline Performance
Table 1 Measured throughput for 802.11ac VHT40 link

	RSSI on STA [dBm]
	WiFi Throughput [Mbps]

	-54
	143

	-62
	131

	-66
	114

	-68
	103

	-73
	84.8


Table 2 Measured throughput for 802.11a link

	RSSI on STA [dBm]
	WiFi Throughput [Mbps]

	-47
	28.1

	-60
	27.9

	-65
	27.7

	-68
	27.7

	-77
	23.6


2.1.1.2 LAA Network Baseline Performance
For all LAA-related experiments a resource block allocation load of 100% and LBT Cat4 contention window = 16 are considered. LAA MCS has been adjusted manually to find optimum LAA throughput.
Table 3 Measured throughput for LAA link having an CCA ED threshold = -62 dBm and TXOP = 4 ms
	RSSI on eNB [dBm]
	Target load [Mbps]
	LAA Throughput [Mbps]
	MCS

	-65
	64
	63
	27

	-70
	64
	61
	27

	-75
	55
	45
	24


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.

2.1.2.1 Wi-Fi Wi-Fi Coexistence
Table 4 Measured throughput for 802.11ac VHT40 and 802.11a

	802.11a
	802.11ac

	RSSI on STA [dBm]
	WiFi Throughput [Mbps]
	RSSI on STA [dBm]
	WiFi Throughput [Mbps]

	-66
	7
	-65
	47.8

	-67
	4.5
	-67
	42.4

	-66
	4.8
	-66
	31.5

	-66
	6
	-66
	32

	-63
	9.8
	-67
	49.9


It can be observed that the RSSI values read from the appropriate Wi-Fi device fluctuate in the range of -63…-67 dBm for a fixed setup. Furthermore, it can be observed that throughput of both 802.11a and 802.11ac VHT40 networks fluctuate also significantly.
2.1.2.2 LAA Wi-Fi Coexistence
Table 5 Measured throughput for 802.11ac VHT40 and LAA TXOP = 4 ms with MCS = 27
	LAA CCA ED threshold [dBm]
	LAA throughput [Mbps]
	Wi-Fi 11ac throughput [Mbps]

	-62
	63
	20

	-67
	53
	28

	-72
	48
	30


Table 6 Measured throughput for 802.11ac VHT40 and LAA TXOP = 5 ms with MCS = 27
	LAA CCA ED threshold [dBm]
	LAA throughput [Mbps]
	Wi-Fi 11ac throughput [Mbps]

	-62
	61
	9

	-67
	54
	19

	-72
	54
	30


It can be observed that LAA CCA ED threshold has impact on the coexistence of LAA and Wi-Fi. Furthermore, it can be observed that the value of TXOP has also impact on the coexistence of LAA and Wi-Fi.
3 Conclusions
In this contribution, we presented experimental results using an LAA - Wi-Fi coexistence testbed. 
The following observations were made:
Observation 1: Changing LAA ED threshold below -62 dBm improves the throughput of Wi-Fi node coexisting with an LAA node.
Observation 2: Changing LAA ED threshold below -62 dBm decreases the throughput of LAA node coexisting with a Wi-Fi node.

Observation 3: TXOP adjustment impacts the coexistence between LAA and Wi-Fi.

Neutral experimental testbed is a valuable tool to evaluate parameters. Further experiments can be run to find optimum settings of parameters.
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Annex A: Evaluation methodology

A.1
Experimental Parameters

A.1.1 Common Parameters 
	Parameters
	Value

	Traffic Model 
	Iperf


A.1.2 Wi-Fi Parameters
	Parameter
	11ac VHT40 AP
	802.11a AP
	11ac VHT40 STA
	11a STA

	Channel
	36
	40
	36 
	40

	Center Frequency
	5.18 GHz
	5.20 GHz
	5.18 GHz
	5.20 GHz

	Channel Bandwidth
	40 MHz
	20 MHz
	40 MHz
	20 MHz

	Maximum Tx. Power
	17 dBm
	20 dBm
	N/A
	N/A

	Antenna configuration
	3x3 MIMO
	SISO
	SISO
	SISO

	Link adaptation
	Enabled
	Enabled
	-
	-

	RTS/CTS
	Disabled
	Disabled
	-
	-

	Coordination
	DCF
	DCF
	-
	-


A.1.3 LAA Parameters 

	Parameter
	Value

	Channel
	40

	Center Frequency
	5.20 GHz

	Channel Bandwidth
	20 MHz

	Tx. Power
	2 dBm

	Antenna Configuration
	SISO

	Link adaptation
	Manual adaptation

	MCS
	See Sec. 2.4

	Channel access scheme
	LBT Cat 4 according to Fig. 7.2.1.6-1 of [2]

	CCA-ED Threshold
	Configurable

	Data burst structure
	LBE


A.1.4 Testbed Setup

A.1.4.1 Wi-Fi Networks
The Wi-Fi networks use commercially available Access Points (APs) manufactured by TP-LINK and ASUS, respectively. Both are multimode devices, which are configured in the testbed for the 802.11ac VHT40 mode and the 802.11a legacy mode, respectively. For the purpose of this contribution, the Wi-Fi networks consist of one Wi-Fi Access Point and one Wi-Fi Station which is a Wi-Fi dongle manufactured by AVM and 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 one LAA eNB and one LAA UE where only downlink transmission is enabled.

[image: image4.png]


[image: image5.png]



PAGE  
6

_1508247644.vsd
802.11ac VHT40 with channel 36 as primary channel


802.11a legacy


LAA


a)


b)


Channel 36


Channel 40


Channel 36


Channel 40


Channel 36


Channel 40


c)



_1508253667.vsd
11ac
AP


11a
STA


11ac
STA


11a
AP


Downlink w/ Rx RSSI < -62 dBm


   Downlink w/ Rx RSSI < -62 dBm      


a)


b)


11ac
AP


LAA UE


11ac
STA


LAA eNB


Downlink w/ Rx RSSI < -62 dBm


   Downlink w/ Rx RSSI < -62 dBm      



_1508078370.vsd
LBT Cat 4


LAA data burst if LBT Cat 4 allows to transmit


Next LBT Cat 4


time


LAA data burst


PDCCH


PSS


PDSCH


LAA data burst consisting of n DL subframes of frame structure type 1 with 0 < n < 11 and n = 4 in this figure



