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Abstract—LTE-U (LTE-Unlicensed) is designed to coexist with
Wi-Fi in the unlicensed band by balancing its duty cycle
according to the number of coexisting Wi-Fi access points (APs)
it detects. For example, a LTE-U base-station (BS) will reduce
its duty cycle from 50% to 33% when it senses an increase
in the number of co-channel Wi-Fi basic service sets (BSSs)
from one to two. But the problem of detecting how many Wi-
Fi BSS’ are operating on the channel in real-time, without
decoding the Wi-Fi header, still remains. In this paper, we present
a novel algorithm that solves the problem by using an auto-
correlation (AC) function on the Wi-Fi preamble and setting
appropriate detection thresholds to infer the number of Wi-Fi
BSSs operating on the channel. Performing auto-correlation on
the Wi-Fi preamble is a much simpler operation than decoding
the entire Wi-Fi packet, which is what would be needed if
one were to decode the MAC header to identify the BSS. We
implement and experimentally validate the proposed AC detector
and demonstrate that there is a differentiable pattern of AC
events between one and two Wi-Fi APs. From the collected AC
events, we determine a suitable threshold for a reliable detection
of Wi-Fi APs. We show that using an AC threshold of Nz = 0.8,
we can achieve a probability of detection (Pp) of 0.9 with a
probability of false alarm (Pr4) of less than 0.02. Finally, we
demonstrate that the performance of the proposed AC detector
is superior in terms of Pp and Pr4 compared with the energy
detector (ED).

Index Terms—LTE, Unlicensed spectrum, Wi-Fi.

I. INTRODUCTION

Wi-Fi is currently the dominant wireless local area net-
work (WLAN) system deployed in the unlicensed spectrum.
However, next generation cellular networks are expected to
utilize this frequency band in the near future as well and will
have to coexist with Wi-Fi. The coexistence mechanism of
Long Term Evolution (LTE) in the unlicensed spectrum gives
rise to several challenges in terms of Wi-Fi client association,
interference management, scheduling/resource allocation, fair
coexistence, imperfect carrier sensing, etc. LTE-Unlicensed
(LTE-U) is one such technology proposed by an industry
group, the LTE-U forum [1], that has been developed for de-
ployment in the unlicensed spectrum. The coexistence method
employed by LTE-U is very simple: a LTE-U base station
(BS) operates based on a duty cycle approach (i.e., repeating
ON and OFF intervals) and an adaptation technique called
Carrier Sense Adaptive Transmission (CSAT). During an ON
period, the LTE-U BS transmits its data normally. In the OFF
period, it observes the channel to dynamically adjust its duty
cycle based on the number of detected Wi-Fi basic service
sets (BSSs) or access points (APs). The detection method of
Wi-Fi BSSs is arguably still a point of contention. Table I

TABLE I: Different Types of CSAT

CSAT Types Method Pros/Cons

Header Based Decodes the Wi-Fi MAC

header at the LTE-U BS

Additional Complexity [2]

Energy Based Based on the change in
the energy level of the

air medium

Feasibility, accuracy, low-
cost, low-complexity [3]

Auto-correlation LTE-U BS sense the | Feasibility, accuracy,
Based medium to detect the | low-cost, low-complexity,
Wi-Fi preamble L-STF | More  accurate  than

symbol energy based

shows different types of possible CSAT approaches: directly
decoding the Wi-Fi MAC header of Wi-Fi BSSs or spectrum
sensing using either energy detection or auto-correlation. Each
method has its own pros and cons as listed in the table.
In past work [3], we studied the energy based detection of
Wi-Fi APs and demonstrated an algorithm that performed
reasonably well under different scenarios. In this paper, we
develop an auto-correlation (AC) based detector where the
LTE-U BS performs auto-correlation on the Wi-Fi preamble
and demonstrate improved performance as compared to the
energy detector. All Wi-Fi frames start with the legacy short
training sequence (L-STF) symbol which contains multiple
repeats of a sequence which is used in Wi-Fi for detecting
the start of the packet and initial gain control. We use this
symbol at the LTE-U BS in a low-complexity auto-correlation
function and calculate auto-correlation (AC) events which are
then used with an appropriate threshold to detect the number
of Wi-Fi APs.
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Fig. 1: LTE Wi-Fi Co-existence Deployment Setup.

Fig. 1 illustrates an example LTE-U and Wi-Fi coexistence
scenario, where two Wi-Fi APs and an LTE-U BS are oper-
ating on the same channel, with multiple clients associated
with each AP and BS. It is expected in this scenario that the
LTE-U BS will increase its duty cycle from 33% to 50% when
one of the APs is turned off, and vice versa. Hence, a robust



detection method is needed to guarantee the efficient adaption
of the duty cycle. We aim to exploit the AC sensing data at
the LTE-U BS to infer the presence of one or two Wi-Fi BSSs
and make the decision to adapt the duty cycle appropriately.
In order to accomplish this, we create realistic experimental
scenarios using a National Instruments (NI) USRP RIO board
with a LTE-U module and two Netgear Wi-Fi APs. We define
a AC event as one when there is a noticeable peak value to the
auto-correlation calculated during a Wi-Fi transmission (either
data, control or management frames). We collect these AC
events during the experiment and analyze them to determine
the best detection threshold to distinguish between one and
two Wi-Fi APs that maximizes probability of detection (Pp)
and minimizes probability of false alarm (Pga). Lastly, we
show that the AC based detection at the LTE-U BS is a more
accurate method compared to energy detection to differentiate
between the presence of one or two Wi-Fi BSSs.

The rest of the paper is organized as follows. Section
IT presents a brief overview of existing literature on Wi-
Fi LTE coexistence. Section III describes the experimental
measurement set up used to gather statistics on the AC events
in the presence of one or two Wi-Fi APs which are then used
to develop the AC detection based adaptation algorithm. The
experimental results are corroborated in Section IV. Finally,
Section V concludes the paper.

II. RELATED WORK

There has been a significant amount of research, both from
academia and industry on LTE/Wi-Fi coexistence. This is
mainly driven by the strong intention both from 3GPP and
LTE-U forum to implement the technology as soon as possible.
Both License Assisted Access (LAA)/Wi-Fi and LTE-U/Wi-
Fi coexistence scenarios and throughput fairness have been
well studied as a function of detection threshold and duty-
cycle [2], [4], [5], [6], [7]. However, the auto-correlation
based technique proposed in this paper is still under-utilized
in the area of spectrum sensing for LTE-U/Wi-Fi coexistence.
To maintain the synchronization between the LTE-U and
Wi-Fi users, the authors in [8] proposed a auto-correlation
based threshold spectrum sensing algorithm. This work further
improves the Medium Access Control (MAC) protocol to
increase the sum throughput while guaranteeing the fairness
for LTE-U/Wi-Fi coexisting networks, while not addressing the
issue of detecting reliably the number of Wi-Fi APs present
on the channel. In our recent work, [3] and [9], we have
performed rigorous theoretical and experimental analyses of
the performance of an energy-based CSAT. We proposed an
algorithm that can adjust the duty cycle of LTE-U based on the
presence of Wi-Fi APs inferred by the detected energy in the
medium. We believe that this is the first work that proved the
feasibility of stand-alone energy detection, without the need
of packet decoding. We are able to reliably distinguish the
presence between one or two Wi-Fi APs, using a threshold of
-42 dBm which produced a successful detection probability
Pp of greater than 80% and false positive probability Pga
of less the 5%. In this paper, we aim to further improve the

performance of Pp and Pga by introducing an alternative
efficient approach i.e., auto-correlation based spectrum sensing
to distinguish between one and two Wi-Fi BSSs on the same
channel.

ITII. AUTO-CORRELATION BASED DETECTION OF WI-FI
BSSs

In this section, we discuss how LTE-U can utilize the
proposed AC function to detect the Wi-Fi legacy preamble
and infer the number of Wi-Fi APs. Next, we set up a real-
time experiment that mimics realistic deployment of LTE-U
and Wi-Fi coexistence, both line-of-sight (LOS) and non-LOS
(NLOS), and determine the appropriate detection thresholds
using comprehensive measurements. Finally, we present an
AC-only based algorithm for detecting the number of coex-
isting Wi-Fi BSSs.
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Fig. 2: Wi-Fi Frame Structure: showing the L-STF symbol at
the start of the frame transmission.
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Fig. 3: LTE Wi-Fi Co-existence Experimental Setup.

A. Preamble Based Auto-correlation

All Wi-Fi frames, even those in newer specifications like
802.11ax, begin with the legacy short training field (L-STF)
symbol. The L-STF consists of 10 repeats of a known sequence
with a total 8 s duration. Fig. 2 shows the structure of a Wi-
Fi frame. The L-STF symbols are used in Wi-Fi receivers for
detecting the start of the packet and initial gain control. We
exploit the presence of the L-STF symbol in order to detect the



