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AbstrAct
LTE-Licensed Assisted Access (LAA) networks 

are beginning to be deployed widely in major met-
ropolitan areas in the U.S. in the unlicensed 5 GHz 
bands, which have existing dense deployments of 
Wi-Fi as well. Various aspects of the coexistence 
scenarios such deployments give rise to have been 
considered in a vast body of academic and indus-
try research. However, there is very little data and 
research on how these coexisting networks will 
behave in practice. The question of “fair coexis-
tence” between Wi-Fi and LAA has moved from a 
theoretical question to reality. The recent roll-out 
of LAA deployments provides an opportunity to 
collect data on the operation of these networks as 
well as studying coexistence issues on the ground. 
In this article we describe the first results of a mea-
surement campaign conducted over many months, 
using custom apps as well as off-the-shelf tools, in 
several areas of Chicago where the major carriers 
have been expanding LAA deployments. The mea-
surements reveal that coexistence between LAA 
and Wi-Fi in dense urban environments where both 
systems aggregate multiple channels continues 
to be a challenging problem that requires further 
research.

IntroductIon
The deployment of cellular technologies in the 
unlicensed frequencies has been an active area 
of research in both academia and industry for 
a few years now, starting with the proposal for 
LTE-U from the LTE-U Forum [1]. Standardiza-
tion by 3GPP followed and LTE-Licensed Assisted 
Access (LAA) was specified in Release 13 [2]. The 
motivation for developing these specifications, 
which enable cellular technologies to utilize the 
almost 500 MHz of bandwidth available in the 
unlicensed 5 GHz band, is the ever increasing 
throughput requirements of existing networks 
due to the proliferation of wireless-enabled devic-
es combined with the increasing popularity of 
high-bandwidth mobile applications, such as live 
streaming and video downloads.

The rules for unlicensed device operation in 5 
GHz in the U.S. do not mandate the use of a con-
tention-based protocol for medium access, such as 
the listen-before-talk (LBT) based Carrier Sensing 
Multiple Access with Collision Avoidance (CSMA/
CA) protocol used by Wi-Fi. Hence, the first specifi-
cation to be developed, LTE-U, did not incorporate 
any LBT mechanism and instead relied on a duty 

cycle approach for coexisting with Wi-Fi, which is 
the dominant, pre-existing user of this band. How-
ever, the most commonly deployed specification 
for LTE in unlicensed bands today is LAA which 
does implement a LBT protocol similar to that used 
by Wi-Fi, with different values for parameters such 
as sensing threshold and transmission intervals. The 
interplay of these values with those adopted by 
Wi-Fi determines whether the two systems coexist 
fairly or not in a given scenario.

Most studies of LAA and Wi-Fi coexistence are 
based primarily on theoretical analyses [3, 4], sim-
ulations [5], and limited experiments [6, 7]. With 
widespread deployments of LAA beginning in 
major cities in the U.S. [8], it is now possible to 
verify deployment parameters and their impact on 
coexistence performance. In this article, we present 
the first such measurements in various locations in 
Chicago where LAA networks have been deployed 
by AT&T, T-Mobile and Verizon in close proximity 
to Wi-Fi networks. We believe that this is the first 
such measurement campaign that studies the effect 
of LAA deployments on Wi-Fi’s performance in 
practice.

This article is organized as follows. The follow-
ing section provides a brief overview of current 
research, 5 GHz coexistence, focusing on 5 GHz 
channelization and access methodologies used 
by LAA and Wi-Fi, and multi-channel operation. 
We then describe the data collection approach 
adopted in this article including descriptions of LTE 
and Wi-Fi tools and data visualization approach-
es. Following that we provide an overview of LAA 
deployments observed in the Chicago area and 
then we detail the measurements and accompa-
nying discussions at one illustrative location. Final-
ly, conclusions and future research directions are 
presented.

overvIew of LAA And wI-fI coexIstence
Coexistence of LAA and Wi-Fi in the unlicensed 5 
GHz band has been comprehensively researched 
and hence we refer the reader to [3, 4, 6, 9] for 
details. In this section we present a brief overview 
of the relevant features pertinent to this article.

summAry of current reseArch on LAA/wI-fI coexIstence
In [6], the authors explore the relative issue of 
differing channelization’s (i.e., channel bandwidth 
asymmetry) between LTE and Wi-Fi, and show 
that Wi-Fi performance is dependent on the loca-
tion of the LAA frequency band relative to Wi-Fi’s 
20 MHz channel. In [5], Rochman et al. explored 
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the effect of the energy detect (ED) threshold 
on Wi-Fi and LAA via extensive simulations and 
demonstrations. If both Wi-Fi and LTE employed a 
sensing threshold of -82 dBm to detect the other, 
the overall throughput of both coexisting systems 
improved, leading to fair coexistence. The authors 
in [10] explore design aspects of LBT schemes for 
LAA as a means of providing equal opportunity 
channel access in the presence of Wi-Fi. Similar-
ly, the authors in [4] proposed an enhanced LBT 
algorithm with contention window size adapta-
tion for LAA to achieve fair channel access and 
Quality of Service (QoS) fairness. In [11], Cano 
and Leith derived the proportional fair rate alloca-
tion for Wi-Fi/LAA (as well as Wi-Fi/LTE-U) coex-
istence. In [12], the fairness in the coexistence 
of Wi-Fi/LAA LBT based on the 3GPP criteria is 
investigated through a custom-built event-based 
system simulator.

In our prior work [3], we developed an ana-
lytical model that predicts the impact of different 
sensing duration of Wi-Fi and LAA on respective 
system throughput during coexistence. We vali-
dated the model via a National Instrument (NI) 
testbed. Further, we compared the fairness per-
formance between the 3GPP definition to a pro-
portional fairness scheme, which guarantees the 
same fraction-of-time access for all nodes [7]. The 
results conclusively show that proportional fairness 
is a much better notion than 3GPP fairness and 
produces equitable results for both networks on a 
wider variety of scenarios.

5 ghz chAnneLIzAtIon
Figure 1 illustrates the channelization used by 
Wi-Fi in 5 GHz, spanning 5.15 GHz to 5.85 
GHz. In the U.S., these are designated as U-NII 
bands (Unlicensed National Information Infra-
structure) and divided into three categories with 
diff erent usage rules. U-NII-1 and U-NII-3 bands 
do not have any restrictions on usage, other than 
transmit power limitations. However, since radar 
systems are also deployed in the U-NII-2 bands 
as primary users, unlicensed devices that wish to 
use U-NII-2 are required to implement Dynamic 
Frequency Selection (DFS) whereby the incum-
bent radar signal has to be sensed and if detect-
ed at a certain level the unlicensed device needs 
to vacate that frequency according to a timing 
protocol specified by rule. Since these proce-
dures add additional complexity to devices, the 
U-NII-2 band is sparsely used by Wi-Fi. Thus, 
even though there is a total of about 500 MHz 
available, only the U-NII-1 and U-NII-3 bands (a 

total of 160 MHz) are heavily used. Wi-Fi uses 
20, 40, 80, and 160 MHz wide channels, num-
bered as shown in Fig. 1, whereas LAA has been 
specified only for 20 MHz channels which can 
be aggregated up to a maximum of three 20 
MHz channels.

LAA And wI-fI medIum Access controL
LAA and Wi-Fi both employ similar medium 
access control (MAC) schemes, which catego-
rize traffic into voice, video, background data, 
and priority data, in order to assign a suitable 
transmission opportunity (TXOP) that will guar-
antee QoS. In general, video and voice traffic 
generate smaller packets with stringent delay 
requirements and hence a smaller TXOP of 2 or 
3 ms is assigned in LAA and 1.5 to 6 ms in Wi-Fi. 
In comparison, data traffic is allocated TXOPs 
of 8 or 10 ms in LAA and up to 6 ms in Wi-Fi. 
This TXOP asymmetry between LAA and Wi-Fi 
may lead to unfairness in accessing the channel. 
There are also other specifications that create 
unfairness, such as the diff erence in initial defer-
ment duration in LAA and Wi-Fi.

muLtI-chAnneL operAtIon
Multi-channel operation, either over wide chan-
nels as in Wi-Fi, or using carrier aggregation 
as in LAA, plays a key role in enhancing net-
work capacity in unlicensed spectrum. In Wi-Fi, 
wideband transmissions bond multiple narrow 
channels with primary and secondary channel 
identifi ers for backward compatibility. To ensure 
a smooth operation, diff erent energy and pream-
ble detection thresholds are specifi ed subject to 
whether the channel being sensed is primary or 
secondary.

For LAA, 3GPP specifies two modes of 
multi-channel operation [13] viz., Type A and Type 
B. LBT Type A off ers an independent LBT back-off  
process to each of the aggregated 20 MHz chan-
nels, while LBT Type B runs a single back-off pro-
cess only for the primary channel. Thus, LBT Type 
A ascertains individual channel access timing sepa-
rately depending on each specifi c channel condi-
tion. In contrast, LBT Type B determines a common 
access timing for all channels solely based on the 
primary channel’s condition. These modes of oper-
ation may create interference on the unlicensed 
channel access between multi-channel LAA and 
multi-channel Wi-Fi, especially when there are 
many Wi-Fi APs on the same channel with diff erent 
primary and secondary channel designations. We 
believe that this particular interference scenario has 

FIGURE 1.  WiFi Channelization in the 5 GHz U-NII Bands.
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not been addressed in existing literature, which has 
focused on coexistence in a single 20 MHz chan-
nel where these issues do not arise [3–7].

dAtA coLLectIon methodoLogy
We collected LAA and Wi-Fi measurements from 
January 2020 to March 2020 in various locations 
in Chicago, using Android phones, a custom 
Android App called SigCap that uses the Android 
API to collect cellular and Wi-Fi information from 
the phone and other commercial tools. The data 
thus collected has been processed and displayed 
on our website (https://people.cs.uchicago.
edu/∼muhiqbalcr/laa/), and is available for down-
load. In this section, we will describe the tools 
used and the data visualization methodology.

sIgcAp App deveLopment
We developed an Android app called SigCap 
which is capable of simultaneously collecting 
Global Positioning System (GPS) data as well 
as cellular and Wi-Fi information using only the 
Android API, without requiring root access on the 
device. The SigCap app collects data every 10 
seconds, which is the smallest interval allowed by 
the API in order to conserve power.

Each data point we collect consists of the fol-
lowing parameters: channel number, time-stamp, 
location (GPS latitude and longitude), LTE cell 
information (Physical Cell Id (PCI)), E-UTRA Abso-
lute Radio Frequency Channel Number (EARFCN), 
LTE Reference Signal Received Power (RSRP)), 
Wi-Fi Basic Service Set Identifiers (BSSID), Wi-Fi 
channel bandwidth, Wi-Fi Received Signal Strength 
Indicator (RSSI), and Wi-Fi operating mode such 
as 802.11b, 802.11n, 802.11ac. These values are 
extracted from the modem chip in the phone and 
hence conform to the relevant standard specifica-
tions. While the SigCap app is capable of collecting 
data on licensed LTE channels as well as on unli-
censed channels, in this article we only consider 
LTE data captured on “Band 46” which is the desig-
nation for the unlicensed 5 GHz band.

Since all three of the major networks have 
deployed LAA in Chicago, we use three Android 
phones (two Google Pixel 3s, and a Samsung 
Galaxy S9) each equipped with a Subscriber 
Identification module (SIM) of one of the carri-
ers, and the above app. We collected measure-
ments while walking on sidewalks, driving a car, 

or riding the Chicago Transit Authority (CTA) 
trains which run both underground and on ele-
vated lines. We observed that the phones do 
not connect to the LAA secondary cell unless 
there is a large enough data demand; hence, we 
initiate a large file download (> 10 GB) before 
starting measurements.

vIsuALIzAtIon of Lte And wI-fI rssI
Our SigCap app measures LTE RSRP which is 
defined by 3GPP [2] as the average Reference Sig-
nal Received Power over a single Resource Element 
(RE) of 15 kHz wide. However, the Wi-Fi RSSI is 
defined by the 802.11 standard [14] as the received 
signal strength measured over 20 MHz.1 Therefore, 
in order to compare the received signal power of 
the two systems over the same bandwidth, we scale 
the RSRP measurement over 15 kHz to the LAA 
bandwidth of 20 MHz by multiplying the measured 
RSRP power with the number of REs in a single 
resource block, which is 12, and the number of 
physical resource blocks, which is 100. This results 
in the LAA RSSI being defined as follows:

RSSI(dBm) = RSRP(dBm) +30.792.  (1)

The LAA and Wi-Fi RSSI are then used to create 
deployment and heat maps as follows. We follow 
the channel numbering in Fig. 1 to display results.

Deployment Maps: The location of the LAA 
base stations (BSs) and Wi-Fi access points (APs) 
in the measurement area are unknown. In order 
to map the deployment, we need to be able to 
estimate these locations from the data we col-
lect at the client devices. We do this as follows. 
For LAA, we first sort the data by the Physical 
Cell ID (PCI). Since PCIs are often reused, we 
define a reuse threshold of 1 km, that is, if we 
observe the same PCI at a distance greater than 
1 km, we treat that as a different cell [15]. We 
take the geographic centroid of the GPS coordi-
nates of all the data corresponding to a unique 
PCI and use this as the approximate location of 
the LAA BS with that PCI. Since accurate posi-
tion or coverage of a BS is not the objective of 
our study, this simple method is adequate. We 
perform a similar operation with the Wi-Fi mea-
surements, using BSSID as an index instead of 
PCI and reduce the reuse radius to 500m. This 
process results in maps such as shown in Fig. 2, 

FIGURE 2. Deployment of LAA by AT&T, T-Mobile and Verizon LAA and coexisting WiFi on Channels 36 and 149: a) LAA on Chanel 
36; b) LAA on Channel 149; c) LAA and WiFi on Channel 36.

(a) (b) (c)

1 The RSSI of WiFi is mea-
sured over a beacon frame 
which is transmitted over the 
20 MHz primary channel. As 
per U-NII rules, the maximum 
transmitted power is constant 
over any bandwidth. Hence, 
we assume that the RSSI on 
wider channels will be the 
same as in 20 MHz. There 
could be a slight difference 
due to frequency selective 
fading, but this will not lead 
to a significant difference.
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where each pin represents a unique LAA PCI or 
Wi-Fi BSSID.

Heat Maps: We define 11m square grids and for 
each channel we average the RSSI measurements 
of the deployment we are interested in (LAA and/
or Wi-Fi) over the grid and associate the grid-cen-
ter coordinate with this average value. We process 
the SigCap data using text-processing scripts which 
output JSON files that are used by the Google Map 
API to create the heat map. This allows us to very 
quickly visualize the coverage of Wi-Fi and LAA as 
shown in Fig. 3 where Wi-Fi deployment on vary-
ing bandwidth is also shown. LAA is only deployed 
on 20 MHz channels, whereas Wi-Fi can be on 20 
MHz, 40 MHz or 80 MHz channels.

AddItIonAL tooLs:  
network sIgnAL guru (nsg) And wI-fI AnALItI

The SigCap app we developed does not require 
root access on the device, works on all Android 
devices, and the collected data can be easily 
exported for further analysis such as creating the 
deployment and RSSI heat-maps described above. 
However, in order to obtain more detailed mea-
surements that require root access, we used the 
Network Signal Guru (NSG) tool (https://play.
google.com/store/apps/details?id=com.qtrun.
QuickTest&hl=enUS) which can extract addition-
al information such as throughput, latency, TXOP, 
signal-to-interference-and-noise ratio (SINR), 

FIGURE 3. LAA and WiFi RSSI heat-maps on 20 MHz, 40 MHz and 80 MHz channels: a) AT&T LAA RSSI on Channel 157; b) T-Mobile 
LAA RSSI on Channel 36; c) Verizon LAA RSSI on Channel 36; d) WiFi RSSI heat-map, 20 MHz channels; e) WiFi RSSI heat-map, 
40 MHz channels; f) WiFi RSSI heat-map, 80 MHz channels; g) LAA and WiFi RSSI, 20 MHz channels; h) LAA and WiFi RSSI, 40 
MHz channels; i) LAA and WiFi RSSI, 80 MHz channels.

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)
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block error rate (BLER), and number of allocat-
ed resource blocks (RB). We also used the Wi-Fi 
analiti app (https://play.google.com/store/apps/
details?id=com.analiti.fastest.android&hl=enUS) to 
capture additional data such as the number of Wi-Fi 
devices on each channel and throughput. While 
these two commercial apps do provide additional 
functionality, it is laborious to export the data for 
analysis. Moreover, the combination of GPS loca-
tion, cell ID, and RSSI that we require for efficient 
mapping of LTE and Wi-Fi is obtained more effi-
ciently by our app. Due to privacy and security rea-
sons, most of the commercial apps, including NSG 
and analiti, do not allow the collection of location 
information. Using SigCap, we can easily automate 
the capturing of signal and location data simultane-
ously. By combining the outputs of all three apps, 
we obtain a complete picture of LAA and Wi-Fi 
deployments, as presented in the rest of the article.

overvIew of LAA And wI-fI depLoyments In 
downtown chIcAgo

In this section we will present some general 
observations of LAA and Wi-Fi deployments as 
measured with our tools, followed by detailed 
analysis of a selected location in the next section.

overvIew of LAA depLoyments In chIcAgo
We collected data from January to March 2020 
using all the tools described earlier in different 
areas of Chicago such as the Loop, South Loop, 
and River North areas of downtown, and three 
major University campuses: University of Chicago 
(UChicago), University of Illinois at Chicago (UIC), 
and the Illinois Institute of Technology (IIT)). All 
three major cellular operators, AT&T, T-Mobile 
and Verizon, have extensive LAA deployments in 
these locations. In total, we collected 5114 data 
points representing 557 unique LAA PCIs and 
10639 unique Wi-Fi BSSIDs in the vicinity of the 
observed LAA deployments (we only report Wi-Fi 

measurements in locations where we also observe 
at least one LAA PCI). We observe that AT&T and 
Verizon’s LAA cells are primarily deployed around 
the densely populated Loop area (Figs. 2a and 
2b), while the T-Mobile deployments are in the 
less dense residential areas and on the IIT cam-
pus. We also note that recent measurements not 
reported here indicate that these deployments 
have been rapidly expanding in recent months.

All LAA deployments we measured were based 
on Release 13, which means that all downlink 
transmissions are over the unlicensed band while 
all uplink transmissions are over the licensed band. 
Generally, if the SINR is high, we observe a max-
imum of three aggregated 20 MHz unlicensed 
channels.2 During high mobility or when the SINR 
is low, we occasionally observe aggregation over 
one or two unlicensed channels.

overvIew of wI-fI Aps In the vIcInIty of LAA
As mentioned previously, in this article we only 
report Wi-Fi measurements in the vicinity of at least 
one LAA PCI. Table 1a summarizes our observa-
tions on the channel assignment statistics of Wi-Fi 
and LAA in Chicago. The table shows that the 
number of overlapping Wi-Fi APs in each channel 
does not add up to the total number of unique 
BSSID (10639). This is because in each row we 
count all APs that overlap with LAA’s 20 MHz 
channel including wider channels, for example, 
a Wi-Fi AP operating on Channels 38 (40 MHz) 
or 42 (80 MHz) overlaps with Channel 36, and is 
therefore counted as overlapping with Channel 36.

Since we have not observed any LAA deploy-
ments on the U-NII-2 channels, we do not include 
any Wi-Fi measurements in U-NII-2. The absence of 
U-NII-2 LAA deployments, we believe, is due to the 
mandatory DFS requirement in that band. Accord-
ing to our measurements, Verizon and T-Mobile 
LAA mostly use U-NII-1 Channels 36, 40, and 443. 
Fig. 2a shows the LAA deployments by T-Mobile 
and Verizon on Channel 36, 40 and 44 in the Loop 
area. AT&T deploys LAA primarily in U-NII-3 on 
Channel 149, 153, 157, 161 and 165 as shown in 
Fig. 2b.4 

As shown in Table 1a and Fig. 2c, Wi-Fi is 
deployed densely in the vicinity of LAA base-sta-
tions, potentially leading to coexistence problems 
as increasing numbers of new mobile devices 
capable of Band 46 operation begin to penetrate 
the market. Using the NSG app, we observe that 
the SINR of LAA increases in the vicinity of cer-
tain street lamps, which leads us to believe that 
most LAA is deployed outdoors, while the Wi-Fi 
APs are deployed mostly by shops and hence are 
indoors. However, client devices capable of LAA 
and Wi-Fi could be both indoors and outdoors, 
which combined with the dense deployment, may 
lead to interesting coexistence scenarios that have 
not been comprehensively studied in existing liter-
ature. Additionally, we identified a coexistence sce-
nario where LAA aggregated over three 20 MHz 
channels will coexist with 80 MHz Wi-Fi, a research 
problem that has not been studied in depth in the 
literature.

rssI heAt-mAp of LAA And wI-fI
We measured Wi-Fi and LAA RSSI while walking 
outdoors using the methodology described earli-
er. Table 1b summarizes the statistics of LAA and 

TABLE 1. LAA and Wi-Fi deployment and RSSI statistics.

LAA Over-
Channels Deployment lapping

AT&T T-Mobile Verizon Wi-Fi
Channel 36 4 49 209 3089
Channel 40 5 38 222 2750
Channel 44 4 38 205 3009
Channel 48 0 0 0 3189

Channel 149 104 0 2 2673
Channel 153 119 1 4 2569
Channel 157 131 1 22 2648
Channel 161 38 0 25 2601
Channel 165 27 0 20 105

(a) LAA and Wi-Fi Deployment Statistics.

Wi-Fi
RSSI Metrics LAA 20 MHz 40 MHz 80 MHz
Mean (dBm) -84.49 -82.19 -82.87 -83.65

Variance 63.92 46.41 34.55 19.3
Range (dBm) [-105, -45] [-95, -47] [-95, -56] [-95, -51]

(b) LAA and Wi-Fi RSSI Statistics.

2 Number of aggregated 
channels also depends on the 
mobile device capability. For 
example: iPhone 10S only 
supports aggregating two 
unlicensed channels, com-
pared to the phones we use 
in our experiments, Samsung 
Galaxy S9 and Google Pixel 
3, which support aggregation 
on three unlicensed channels.

3 The deployment map of 
Channel 36, 40 and 44 are 
similar so we have shown 
only on Channel 36.

4 The deployment map of 
Channel 149, 153 and 157 
are similar so we have shown 
only on Channel 149.
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Wi-Fi RSSI measurements. The maximum RSSI 
observed on LAA is higher than the maximum 
on Wi-Fi, corroborating our conjecture that most 
LAA BSs are deployed outdoors while Wi-Fi is 
deployed indoors. The Wi-Fi RSSI data exhibits a 
lower variance. This is because the Wi-Fi RSSI is 
averaged over all BSSIDs and in general the Wi-Fi 
deployment is denser than LAA; hence, the signal 
level outdoors due to Wi-Fi exhibits more unifor-
mity than LAA.

Figures 3a–3c show the RSSI heat-maps for 
AT&T, T-Mobile and Verizon. Since T-Mobile’s LAA 
deployment in the downtown area is sparser than 
AT&T’s and Verizon’s, Fig. 3b shows a zoomed-in 
view of the region where T-Mobile is deployed. 
Figures 3d–3f show the heat-maps of Wi-Fi APs 
on 20 MHz, 40 MHz and 80 MHz channels. We 
see that the majority of deployed Wi-Fi APs today 
implement 80 MHz channels and there are only a 
handful of legacy 20 MHz APs. Figures 3g–3i show 
LAA and Wi-Fi RSSI on the same map, demonstrat-
ing that the two deployments have significant over-
lap and hence the potential of mutual interference 
is high.

representAtIve meAsurements of  
coexIstIng LAA And wI-fI

While we made measurements with all the carriers 
in multiple locations, due to space limitations, we 
present detailed measurements and discussions of 
coexistence of LAA and Wi-Fi in one representa-
tive location where AT&T has deployed LAA. We 
use the NSG tool to calculate the TXOP, SINR, 
RBs and throughput of LAA with all results aver-
aged over 10 measurements in the same location. 
Similarly, the analiti tool is used to characterize 
the Wi-Fi deployment in terms of number of Wi-Fi 
clients per channel, and average delay. 

LocAtIon And trAffIc descrIptIon
Figure 4a shows the measurement location and 
environment. AT&T LAA is deployed on the street 
lamp at 1006 S Michigan Ave, Chicago, IL 60605. 
This particular BS operates on Channel 149, 153 
and 157 for a maximum 60 MHz of unlicensed 
spectrum in addition to the 15 MHz licensed pri-
mary channel, for a total maximum of 75 MHz 
bandwidth and 375 RBs. During the experiment, 
the number of Wi-Fi APs coexisting on LAA chan-
nel 149, 153 and 157 is at least six, five and eight, 
respectively. Since most of the Wi-Fi APs we 
detect are deployed by shops and other estab-

lishments and are password protected, we can-
not connect to these networks. However, using 
our personal Xfinity credential, we can connect 
to any Xfinity Wi-Fi APs for this experiment’s pur-
pose. We chose a location in downtown Chicago 
where Xfinity Wi-Fi APs were deployed close to 
the LAA location. Using our phones to connect 
to the APs enabled us to access Wi-Fi information 
such as operating channels, the number of clients 
connected, operating bandwidth, and operating 
Wi-Fi mode.

In order to study both LAA and Wi-Fi resource 
allocation and throughput for different traffic types, 
we place a LAA and Wi-Fi client next to each other 
and initiate downloads for the following traffic 
types:
• Data (D): Pure data traffic is generated by 

downloading a large YUV dataset (>10 GB) 
from Derf Test Media Collection (https://
media.xiph.org/video/derf).

• Video (V): A Youtube video is downloaded, 
with a resolution of 1920 x 1080 and bit-rate of 
12 Mb/s.

• Data + Video (D+V): Combination of data and 
video traffic as described above.

• Streaming (S): A live stream video on Youtube 
is loaded, with a resolution of 1280 x 720 and 
bit-rate of 7.5 Mb/s.

• Data + Streaming (D+S): Combination of data 
and streaming traffic as described above.
We use two Google Pixel 3 phones as LAA 

and Wi-Fi clients, equipped with NSG and anali-
ti, respectively. In most cases, we observed that 
all available LAA resource blocks were allocated 
to our device. This is possibly due to the lack of 
LAA-capable consumer devices at the time of 
measurement since LAA is only available in newly 
released phones which tend to be more expensive. 
This assumption that there is no other LAA device 
allowed us to isolate the LAA/Wi-Fi coexistence 
experiment to only our devices. Furthermore, we 
can perform a semi-controlled or emulated Wi-Fi/
Wi-Fi coexistence experiment due to the assumed 
absence of other LAA devices. First, we turn LAA 
ON and request different types of traffic. We col-
lect data on SINR, RB allocation, throughput, and 
the number of Wi-Fi devices on the same chan-
nel as LAA. Next, we do the emulated Wi-Fi/Wi-Fi 
coexistence by turning LAA OFF and repeat the 
same measurements to measure the performance 
over Xfinity Wi-Fi without LAA on the same chan-
nel. We analyze coexistence performance based 
on a number of metrics as discussed next.

FIGURE 4. Experiment Location for LAA and WiFi coexistence: a) Experiment location in downtown Chicago; b) Number of WiFi asso-
ciated devices (on the LAA-occupied channels) in WiFi/WiFi (W/W) and WiFi/LAA (W/L) Coexistence.
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meAsurement resuLts And dIscussIons

Average SINR and TXOP in the Unlicensed 
Band: Figure 5a shows the average LAA SINR on 
Channel 149, 153 and 157. We see that none of 
the unlicensed channels are enabled by LAA for 
real-time video streaming since it is more diffi  cult 
to guarantee the required QoS on the unlicensed 
channels due to potential interference and the 
need to implement LBT. We also see that the SINR 
on Channel 157 (i.e., 2.9 dB) is lower compared to 
the other channels, for all other traffi  c types. The 
reason for this is clear from Fig. 4b which shows 
that there are a larger number of Wi-Fi devices on 
Channel 157 compared to the other unlicensed 
channels. This increased level of Wi-Fi usage leads 
to a lower SINR as well as reduced TXOP from 8 
to 3 ms, as shown on Fig. 5b.

Resource Block (RB) Allocation and Through-
put: Figure 5c shows the relative number of RBs 
allocated over the licensed channel and unlicensed 
channels. Since there are three unlicensed chan-
nels, it is natural that the total number of RBs allo-
cated to unlicensed is greater than that allocated to 
licensed, but it also indicates that licensed carriers 
can easily more than triple their downlink through-
put as shown in Fig. 5d, even up to nine times. 
This increase in throughput, just by aggregating 
three unlicensed channels, will drive increased LAA 
deployments in densely populated areas.

Wi-Fi AP Behavior in the Presence of LAA: Fig-
ure 4b compares the number of connected Wi-Fi 
clients (as measured by the analiti app) on the cor-

responding LAA channels when Wi-Fi coexists with 
Wi-Fi (W/W) compared to when Wi-Fi coexists 
with LAA (W/L), for diff erent traffi  c types. The anal-
iti app counts Wi-Fi devices based on the signaling 
messages present in the beacon messages sent 
by those APs that support QoS. Since all APs may 
not do so, this count may be smaller than actual 
numbers of devices present and hence the result 
is reported as, for example, “9+.” For each row, 
we assume that both the Wi-Fi and LAA clients 
under test are requesting the same traffi  c type. We 
observe that the number of Wi-Fi clients that can 
be supported in W/W is much higher than in W/L. 
This is an indication that perhaps the presence of 
LAA on a particular channel inhibits Wi-Fi devices 
from operating on the same channel due to inter-
ference and reduced access to the medium due 
to high TXOP values used by LAA. This conclusion 
is corroborated by the observation that a larger 
number of Wi-Fi clients are supported when LAA 
is streaming video since for that traffi  c type, LAA is 
not using the unlicensed channel. We have never 
observed LAA, irrespective of the operator, dynam-
ically adapting its unlicensed channel usage in 
response to Wi-Fi usage of the same channels. This 
is clearly quite diff erent from the manner in which 
Wi-Fi coexists with Wi-Fi on the same channel.

Impact of Delay in LAA and Wi-Fi Coexistence: 
Figure 5e shows the average delay at the Wi-Fi 
client observed in Wi-Fi/Wi-Fi coexistence and 
Wi-Fi/LAA coexistence. We see clearly that there 
is less delay in Wi-Fi/Wi-Fi coexistence compared 
to Wi-Fi/LAA coexistence, except for streaming 

FIGURE 5. Average SINR, TXOP, RB, throughput and delay for diff erent traffi  c types at AT&T LAA BS: a) AT&T avg. SINR; b) AT&T avg. 
TXOP; c) AT&T avg. RB; d) AT&T avg. throughput; e) avg. delay of WiFi under W/W Vs W/L.

(a) (b)

(c) (d) (e)
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video. In all cases where data is a part of the traffic 
load (D, D+V and D+S), we see increased delay 
over Wi-Fi when coexisting with LAA due to the 
maximum LAA TXOP of 8 ms which results in Wi-Fi 
getting fewer opportunities to access the channel.

concLusIon
In this article, we report results and analyses from 
the first comprehensive measurement campaign 
of LAA deployments in a major metropolitan area 
conducted over several months. We have com-
plemented commercially available tools such as 
Network Signal Guru and analiti, with a newly 
developed SigCap app that allows us to quickly 
capture geotagged cellular and Wi-Fi network data 
that can be used to visualize RSSI and coverage. 
The SigCap app and the data collected in the Chi-
cago area are openly available from our website.

This measurement campaign revealed a num-
ber of interesting aspects of LAA that have not 
been adequately addressed in the research litera-
ture to date: 
• All LAA deployments we encountered aggre-

gate three unlicensed channels (i.e., multiple 
LAA narrow-band channel), thus potentially cre-
ating a larger impact to Wi-Fi operations.

• The majority of Wi-Fi deployments today are 40 
MHz and 80 MHz, while most analyses have 
focused on 20 MHz coexistence of Wi-Fi and 
LAA. 

• The multi-channel Wi-Fi and multi-channel LAA 
access schemes with different energy detection 
thresholds create coexistence scenarios which 
have not been studied.

• Even though LAA deployments are primarily out-
doors and Wi-Fi deployments are indoors, the 
signal strength of both at client devices operat-
ing outdoors is comparable, leading to increased 
coexistence and hidden node problems.

• The impact of LTE-LAA on Wi-Fi latency due 
to the larger TXOPs being used by LAA needs 
further study and analysis. 
We continue to make measurements in the 

Chicago area and our future research will focus 
on performing coexistence experiments using 
Wi-Fi APs deployed in a controlled fashion in cov-
erage areas of existing LAA deployments on uni-
versity campuses in the Chicago area. We hope 
that the lessons learned from these on-the-ground 
measurements will enable a deeper understanding 
of coexistence in present and future unlicensed 
bands using 802.11ax and 5G NR.
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erage areas of existing 
LAA deployments on 

university campuses in 
the Chicago area.
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