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Operating An In-Cabin Femto-Cellular System
Within A Given LTE Cellular Network

Tezcan Cogalan, Stefan Videv and Harald Haas

Abstract—An onboard mobile communication system can be
operated when the height of an aircraft is above 3000 m and the
maximum equivalent isotropic radiated power (EIRP) outside
an aircraft is below -13 dBm for 200 kHz bandwidth in a
1800 MHz system based on the Electronic Communications
Committee (ECC) reports. However, in order to provide seamless
connectivity for aircraft passengers, the onboard communication
system should be in operation in every phase of the flight.
Therefore, in this paper, the compatibility of an in-cabin Long
Term Evolution (LTE) 1800 MHz femto cellular system with
the current terrestrial LTE 1800 systems are investigated when
an aircraft is stationary on the ground. Edinburgh Airport in
Scotland and the existing LTE cells that provide network cover-
age at the airport are modeled through a simulation platform.
Three Airbus A321 aircraft are modeled, while stationary, in
the parked position on the apron and an in-cabin LTE femto
cellular system is deployed within each aircraft. Signal-to-noise-
plus-interference ratio (SINR) and power leakage from the in-
cabin evolved NodeBs (eNBs) in the downlink direction are
considered as performance metrics to investigate the coexistence
of the terrestrial and in-cabin systems. The simulation results
show that the in-cabin LTE 1800 MHz femto cellular system
can be operated without causing any significant interference to
the existing terrestrial LTE 1800 MHz system while the aircraft
is parked on the apron. However, it may be advisable to only
operate the system when the aircraft doors are closed, in order
to mitigate any possible interference effect on the users who are
boarding the aircraft through the passenger boarding bridge.
According to the results shown for a linear apron concept, the
legislation governing the onboard mobile communication systems
should be revised, in order to pave the way to the goal of seamless
mobile connectivity in the next generation of communication
systems.

I. INTRODUCTION

In the early years of the telecommunication industry, mobile
services were limited to text and voice transmissions. Service
providers supplied these services by deploying cells with a
range of up to 20 km in rural areas and up to 1 km in
urban areas. For these services, time division multiple access
(TDMA) which uses operated frequency band for a user on a
time basis, was used to serve multiple users. When the number
of mobile subscriptions increased and data transmission took
place among the already available text and voice services,
service providers had to shrink their deployed cells in order
to improve their service quality in terms of connectivity
and throughput. Also, code division multiple access (CDMA)
technique which spreads the user signal across the entire
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bandwidth at a time and uses a code for each user, was used
in order to serve multiple users at a time. However, mobile
subscriptions and the demand for higher mobile data rates were
increasing. Due to the used access technology, interference
became a system limiting factor with an increased number of
cells. Therefore, an enhanced access scheme was needed in
order to deploy more, smaller cells.

Nowadays, the telecommunication industry is in its fourth
generation (4G) and discussions on fifth generation (5G)
technologies are ongoing. 4G is also known as Long Term
Evolution (LTE) and designed to provide a smooth transition
to 5G. LTE systems use orthogonal frequency division multiple
access (OFDMA) scheme in downlink and single carrier fre-
quency division multiple access (SCFDMA) scheme in uplink
directions. The orthogonality feature of both of the schemes
provide efficient use of the operated frequency band and
mitigate the interference among evolved nodeB (eNB) as well
as user equipment (UE). Therefore, deploying smaller cells,
named femtocells, is possible in LTE systems by mitigating
interference. Moreover, along with enhancements of wireless
technology, LTE system can establish a cooperation among
cells with coordinated multi-point transmission (CoMP), sense
environment with cognitive radio (CR), aggregate operated
frequency bands with carrier aggregation (CA) and centrally
adapt its control decisions with software defined network
(SDN) and network function virtualization (NFV) technolo-
gies.

As noted, LTE is the path to 5G and the key feature of 5G is
accessing data anywhere and anytime for anyone and anything.
Although seamless mobility is the key requirement of 5G,
having a mobile connection for aircraft passengers has recently
gained the attention of industry and academia. The reason
behind the postponement of onboard mobile connectivity was
due to the prohibition of using mobile devices within the
aircraft. In 1963, the first regulation on using mobile devices
onboard an aircraft was published by the Federal Aviation
Administration (FAA). Although it is commonly believed
that mobile devices are prohibited due to security issues, in
actuality, the regulation is based on the fact that the onboard
mobile devices have a potential to interfere with aircraft radios,
as well as terrestrial wireless network [1]. In 1991, the Federal
Communications Commission (FCC) released its rules to ban
the airborne use of mobile devices [2]. At that time, TDMA
was used as the access technology, and as noted, once a user is
assigned for transmission, it uses the whole operated frequency
band. Also, adaptive power allocation was not used at that
time. Therefore, concerns about the interference caused by
using mobile devices onboard an aircraft to terrestrial network
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were reasonable.
However, today it is possible, as a result of the noted

technological enhancements, to deploy one or more small
cells inside an aircraft. Also, it is possible to adaptively
allocate transmission power per UE. Due to the decreased
distance between transmitter and receiver in small cells, it
is possible to provide a sufficient quality of service to small
cell users with low transmission powers. As a matter of fact,
minimizing the potential of interference from aircraft mobile
users to terrestrial users is possible. Accordingly, revising
the prohibition on mobile connectivity for aboard aircraft
passengers is considered by the FCC [2], [3] and the Electronic
Communications Committee (ECC) [4]–[8].

Deployment and compatibility of mobile communication
services on board aircraft and ground-based systems have
been studied for Global System for Mobile Communications
(GSM) and Universal Mobile Telecommunications System
(UMTS) in [4]–[6]; and for LTE in [7], [8]. In ECC re-
ports, the onboard communication system is analysed for
the GSM 1800 MHz, UMTS 2100 MHz and LTE 1800 MHz
and 2600 MHz systems. In [7], due to the radar services
in the band adjacent to 2600 MHz, LTE 2600 MHz system
is found to be incompatible and it is not considered for
the onboard communication systems. Therefore, 1800 MHz
frequency band is considered for the onboard LTE systems.
Based on the ECC reports and decisions, the in-cabin mobile
system should only be operated when the altitude of the
aircraft is 3000 m or more, and the system should not be
operated while the aircraft is on the ground or during take-
off and landing [4]. According to [7], [8], when the altitude
of the aircraft is 3000 m, the maximum equivalent isotropic
radiated power (EIRP) from in-cabin eNB to outside the
aircraft must not exceed -13 dBm for 200 kHz (or 1 dBm for
5 MHz) of a 1800 MHz LTE system (frequencies between
1805 and 1880 MHz) to prevent service degradation at the
ground-based systems. This limit corresponds to a maximum
increase of the received noise floor of 1 dB. However, this
limit is independent of the characteristics of the aircraft, such
as size and fuselage attenuation; and proposed communication
system such as number of eNBs, type of antennas, signal
propagation and output power of the eNB [4]. Additionally,
it is suggested that in order to prevent in-cabin UE sets trying
to access the terrestrial LTE network, a network control unit
(NCU) should be operated. The NCU is used to raise the
noise floor inside the cabin. Therefore, the quality of the signal
received from the in-cabin eNBs will become higher than the
terrestrial eNBs and, the in-cabin UE sets will not attempt to
access the terrestrial network. The same goal can be achieved
through radio frequency (RF) shielding of the aircraft. The
RF shielding of the aircraft increases the signal attenuation of
the aircraft fuselage. Thus, the quality of the signal received
from the terrestrial eNBs will be much lower than the signal
received from the in-cabin eNBs. Therefore, the in-cabin UE
sets will try to access the in-cabin network, not the terrestrial
network.

In order to provide truly seamless and user-friendly inte-
gration of an onboard communication system, it is important
that the users can make use of the system as soon as they step

on board the aircraft. Therefore, an onboard communication
system should be in operation in all phases of a flight, from
taxi out and take-off to landing and taxi in. In this study, the
effects due to the operation of the in-cabin LTE femto cellular
system on the existing terrestrial LTE network are investigated,
when an aircraft is on the ground at its parking position.
Particular focus of this study is dedicated to determine the
downlink interference power due to the in-cabin LTE eNBs
that terrestrial users experience, as well as the effects of the
terrestrial systems on the operation of the in-cabin deployment.
Accordingly, Edinburgh Airport and LTE cells which cover
Edinburgh Airport are modeled to investigate overall downlink
interference with and without the operation of the in-cabin LTE
system. How to provide a backhaul link to the aircraft is out of
the scope of this study. Interested readers can refer to [9], [10],
where providing the backhaul link to an aircraft is studied in
detail by means of economical and technical perspectives.

The rest of the paper is structured as follows. Section II
and Section III introduce the considered in-cabin and terres-
trial LTE system models, respectively. The overall system
assumptions are given in Section IV. Section V describes the
performance metrics considered in this study. The simulation
framework is presented in Section VI and its performance
results are given in Section VII. Conclusions and recommen-
dations are given in Section VIII.

II. IN-CABIN LTE FEMTO CELLULAR SYSTEM

A. Aircraft In-Cabin

A medium-sized aircraft is around 30-38 m long and has
a capacity of 150-250 passengers. In order to provide high
data rate to each passenger, more than one cell deployment
is needed for such a user dense environment. Therefore, a
multi-cell LTE 1800 MHz deployment inside an Airbus A321
aircraft is considered. The Airbus A321 aircraft cabin is a
medium-sized commercial aircraft configured with 35 rows of
seats and a single aisle. Seating capacity of the Airbus A321
aircraft is 205 passengers. The approximated cabin interior
dimensions are given in Table I.

TABLE I
DIMENSIONS OF AIRCRAFT

Number of Rows 35 Aisle width 50 cm
Number of Seats 205 Row width 80 cm

Seat width 60 cm Cabin width 395 cm
Seat height 110 cm Cabin height 249 cm

In this study, in-cabin LTE eNBs are deployed as in [11].
According to [11], each aircraft has 2 eNBs which are oper-
ated within LTE band 3 (1800 MHz - 3× 20 MHz channels
and 1× 15 MHz channel). In the deployment, each eNB is
equipped with 2 × 1 directional patch antennas and a sector-
ization is employed with 40o antenna tilt. According to the
employed sectorization, each eNB has two channels pointed
towards the cockpit of the aircraft and two channels pointed
towards the tail of the aircraft1. Fig. 1 shows considered Airbus
A321 aircraft cabin layout and deployed eNB positions.

1For illustrations of sectorization, please see Fig. 1 and Fig. 2 in [11].
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eNB Position

Fig. 1. Cabin layout of Airbus A321

B. In-Cabin Channel Model

A log-distance path loss model for in-cabin channel prop-
agation was obtained in [12] based on an in-cabin channel
measurement campaign conducted in a medium-sized com-
mercial aircraft. However, the given path loss model in [12]
was constructed for fixed antenna parameters. As noted, in
order to improve the quality of service for aircraft in-cabin
users, multiple eNBs are deployed with tilted directional
antennas. Therefore, in the path loss calculation, the used
antenna characteristics should be considered. In [11], the path
loss model given in [12] is modified to consider antenna
characteristics. In this study, the overall signal attenuation
given in [11] for 1800 MHz is used to obtain channel between
in-cabin eNBs and aircraft passengers. Accordingly, the overall
signal attenuation PLAC is calculated as:

PLAC[dB] = PLin-cabin(d)−GTx −GRx −Gpattern,Tx , (1)

where PLin-cabin is the in-cabin path loss model given in [12];
GTx and GRx are the transmitter and receiver antenna gain,
respectively; and Gpattern,Tx is the transmit antenna pattern
gain2.

Once the overall signal attenuation between the in-cabin
eNBs and aircraft passengers is obtained, the channel response
of each resource block (RB) is generated by:

HAC
RB (fRB) =

√
10

−PLAC
10 HAC(fRB), (2)

where HAC
RB (fRB) is the channel frequency response of the

RB; and HAC(fRB) is a Rician distributed frequency-selective
fading term of the RB due to multipath environment. The
frequency-selective fading terms are obtained based on the
measurement results given in [12]. The details of the used
parameters in the in-cabin path loss model can be found in
[12].

III. TERRESTRIAL LTE SYSTEM

A. Edinburgh Airport

Edinburgh Airport is located in Ingliston, a town 5 miles
west of the City Center. The airport is one of the busiest in
the UK, with an average of 33, 880 passengers and over 333
flights per day [14]. The airport is comprised of two runways
and one terminal, with one domestic and two international
arrival halls. There are a total of 23 aircraft gates which are

2Gpattern,Tx is obtained according to the equations given in [13].

Fig. 2. Overview of Edinburgh Airport

structured based on the linear apron concept described in [15].
The map of Edinburgh Airport was obtained from the Google
maps service as shown in Fig. 2.

B. Existing LTE eNBs

In the UK, there are four main wireless cellular network
operators: EE, O2, H3G and Vodafone [16]. Each operator uses
different frequencies to deliver mobile services. The permitted
frequency bands used in the UK for LTE are: 800 MHz, 1800
MHz and 2600 MHz. The LTE frequency bands used by the
mobile network operators are shown in Table II [16]. As the
frequency band of the in-cabin LTE system uses the band
of 1800 MHz between 1805 and 1880 MHz for downlink,
the downlink interference from operators of H3G and EE is
investigated. The interference from the in-cabin LTE femto
cellular system to terrestrial LTE users around and inside
Edinburgh Airport is also investigated.

Accordingly, geographical coordinates of the existing LTE
eNBs of the operators EE and H3G around Edinburgh Airport
are obtained from OpenSignal website. An overall map of
Edinburgh Airport with LTE eNBs that serve the airport area
is shown in Fig. 3.
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TABLE II
CELLULAR OPERATORS IN THE UK AND THEIR LICENSED LTE

FREQUENCY BANDS

Operator Frequency
800 MHz 1800 MHz 2600 MHz

EE 2× 5 MHz
2× 45 MHz

Downlink: 1831.7 - 1876.7 MHz
Uplink: 1736.7 - 1781.7 MHz

2× 35 MHz

H3G 2× 5 MHz
2× 15 MHz

Downlink: 1816.7 - 1831.7 MHz
Uplink: 1721.7 - 1736.7 MHz

-

O2 2× 10 MHz - -

Vodafone 2× 10 MHz - 2× 20 MHz
1× 25 MHz

-3.4 -3.38 -3.36 -3.34 -3.32
Latitude [deg]

55.93

55.935

55.94

55.945

55.95

55.955

55.96

55.965

55.97

L
on

gi
tu

de
 [

de
g]

Airport Building
Terrestrial LTE eNBs

Fig. 3. Edinburgh Airport and existing LTE eNBs on Google Map

C. Terrestrial Channel Model

As part of the WINNER II [17] and WINNER+ [18]
projects, path loss models of different scenarios have been
investigated. These models are based on literature and real
measurements taken during the WINNER II and WINNER+
projects. The general form of the logarithmic path loss model
can be expressed as:

PL = A log10(d) +B + C log10
fc
5

+X, (3)

where A is the path loss exponent; d is the distance between
base station (BS) and mobile station (MS); B is the intercept
which is determined by the free space path loss for the
reference distance; C is the frequency dependent path loss; fc
is the carrier frequency; and X is the environment dependent
term. Specifically, the logarithmic path loss model is modified
according to different environments, such as line of sight
(LoS) or non-line of sight (NLoS) links, suburban or urban
environments, and indoor or outdoor scenarios. The considered
WINNER scenarios in this study are listed below [17]:
• B1 Urban Microcell Scenario (UMi): The height of the

eNB and UE antennas is assumed to be well below the
tops of surrounding buildings.

• B4 Outdoor-to-Indoor Scenario (O2Ia): In an outdoor
to indoor urban microcell scenario. It is assumed that the
UE antenna height is at 1-2 m (plus the floor height), and
eNB antenna height below roof-top, at 5-15 m depending

on the height of surrounding buildings. The variation of
eNB antenna height depends on surrounding buildings,
basically over the height of four floors.

• C1 Suburban Macrocell Scenario (SMa): Macro eNBs
are located well above the roof tops to allow wide area
coverage and UE handsets are outdoors at street level.
Buildings are typically low residential detached houses
(1-2 floors) or flats with few floors.

• C2 Urban Macrocell Scenario (UMa): UE is located
at outdoors at street level and fixed eNB clearly above
surrounding building height. Non- or obstructed LoS is a
common case.

• C4 Urban Macro Outdoor-to-Indoor Scenario (O2Ib):
Outdoor environment is the same as in C2, and the indoor
environment is an office environment. The eNB antenna
is clearly above the average building height. Long LoS
channels to indoor environment walls is a common case.

The path loss models for the considered scenarios can be
found in [17], [18]. There are different outdoor path loss
models for LoS and NLoS cases, respectively. The NLoS case
provides a shadowing standard deviation higher than that for
LoS. Due to the blocking effect of walls and ceilings, there
is a severe shadowing fading in the outdoor-to-indoor case.
For example, the shadowing standard deviation is σ = 7 for
scenario B4 and σ = 10 for scenario C4 [17].

Therefore, if an eNB is an urban microcell, and the distance
between UE and eNB is relatively short, scenario B1 with LoS
is appropriate. Otherwise, there is a high probability of NLoS
case. The LoS link probability of scenario B1, PB1,LOS can be
written as:

PB1,LOS = min(18/d, 1)(1− exp(−d/36)) + exp(−d/36),
(4)

where min(x, y) is the function to take the minimum between
x and y. Also, if the UE is indoors, such as in an airport
gateway or inside the aircraft, the outdoor-to-indoor scenario
B4 is used. If the eNB is a suburban macrocell, scenario C1
is applied and the LoS probability is:

PC1,LOS = exp(−d/200). (5)

If the eNB is an urban macrocell, scenario C2 should be used
and the LoS probability is:

PC2,LOS = min(18/d, 1)(1− exp(−d/63)) + exp(−d/63).
(6)

Once the distance dependent path loss is calculated, a
clustered delay line (CDL) model specific to each scenario is
used to generate frequency selective fading coefficients. The
CDL models based on cluster and power delay profile values
for each scenario can be found in [17]. According to the CDL
model, time-domain channel response is calculated as follow:

h′(t) =
∑
i

√
aihwiδ(t− τi), (7)

where ai is the power delay value of the ith cluster of the
applicable CDL model; hwi is a random variable with zero
mean and unity variance; and τi is the delay of the ith cluster
of the applicable CDL model. When the time-domain channel
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response h′(t) is calculated, the frequency-domain response
of the channel can be found by its Fourier transform as:

H0(f) =
∑
i

√
aihwie

−j2πfτi , (8)

where H0(f) is the frequency-domain fast fading channel
information for the frequency f . Thus, in order to calculate
channel response of each RB, the frequency band of the
channel should be appropriately quantized.

Accordingly, the final channel impulse response, including
the shadowing, can be calculated as:

HRB(fRB) =

√
10

−PL+XσSF
10 H0(fRB), (9)

where HRB(fRB) is the channel frequency response of RB; PL
is the distance dependent path loss based on the considered
scenario; XσSF is the log-normal shadowing value based on
the considered scenario; and H0(fRB) is the channel frequency
response of center frequency of the RB.

IV. SYSTEM MODEL

A. Frequency Reuse
LTE uses frequency reuse 1, which means all available RBs

are used by every eNB. In general, the terrestrial eNBs are
sectorized in three sectors and uses full frequency reuse. As
noted, sectorization is also used for the in-cabin eNBs to
increase the effective distance of the interfering source. For
the in-cabin eNBs, full frequency reuse is applied where the
4 available channels (3 × 20 MHz and 1 × 15 MHz) are
divided into two sectors, and each two are pointed in opposite
directions.

B. User-eNB Attachment
In the considered system model, each in-cabin user is

connected to an eNB which serves the best average signal
power to the user. However, for the terrestrial users, two
different user-eNB association schemes are considered. The
first scheme is the same approach used to attach in-cabin users,
each terrestrial user is served by the eNB that provides the best
average signal power. In the second scheme, a terrestrial user
can associate to the eNB that serves the best average signal
power as long as there is room for the user at the eNB. In other
words, there is a limitation on the number of attached users to
an eNB in the second scheme. This can be considered as load
balancing in the network. Accordingly, the first scheme can be
considered as the best case scenario where a user always has
the best possible desired signal power, and the second scheme
can be considered as the real-world scenario where there is
no guarantee to serve a user from the eNB which could best
serve the user.

C. Scheduling
In order to investigate changes in the interference level with

and without an in-cabin LTE system, scheduling is out of scope
for this study. Accordingly, it is assumed that all available RBs
in each eNB/channel are always being transmitted on for each
user. In other words, it is assumed that each user is served by
all available RBs at its connected eNB.

V. SYSTEM PERFORMANCE ANALYSIS

In light of the given system model assumptions, to inves-
tigate the effects of the in-cabin LTE system to the already
existing terrestrial LTE network as well as effects of the
existing terrestrial LTE network to the in-cabin LTE system
when the aircraft is in parking position, four different cases
are considered as follows:
• CASE 1: Only terrestrial LTE system: In this case,

the in-cabin LTE system is not considered in operation,
and only the terrestrial LTE system performance is in-
vestigated to consider it as a benchmark for terrestrial
users.

• CASE 2: Full-scale LTE system: In addition to the
existing terrestrial LTE network, in-cabin LTE system
with 2 eNBs deployed in the aircraft on the airport
apron is considered. This case can also be considered
as the overall network model where all of the eNBs are
considered as in operation.

• CASE 3: Only in-cabin LTE systems: To investigate
how the nearby in-cabin LTE deployments interact be-
tween each other, only the in-cabin LTE systems are
considered. In this case, all the terrestrial eNBs are out
of operation and all the in-cabin eNBs are in operation.

• CASE 4: Only single in-cabin LTE system: Isolated in-
cabin LTE system is considered to use as a benchmark
while investigating the in-cabin user performance affected
by the terrestrial LTE network, as well as the other nearby
in-cabin deployments. Different from the case 3, in this
case, a single in-cabin LTE system deployed in an aircraft
is considered as in operation. All the remaining eNBs are
considered as out of operation.

A. Interference Analysis

For the described cases, received signal strength indicator
(RSSI) is considered as a performance metric. The reason
for considering RSSI as a performance metric is twofold:
(i) interference power level can be obtained by comparing
different system cases that described above; and (ii) RSSI
measurement results can be found in any mobile device which
is connected to a mobile network. Therefore, interference
analysis given in this report can be verified by a simple mobile
device (with no need to do measurements with an expensive
software).

Based on third generation partnership project (3GPP) defi-
nitions, RSSI represents the wideband received power which
includes the power from serving cell, non-serving (interfering)
cells and noise, observed in certain orthogonal frequency
division multiplexing (OFDM) symbols [19]. Therefore, com-
paring RSSI performance of different cases gives information
on changes in the received power level between the cases.
For example, obtaining the received power level difference
between the system with (case 2) and without (case 1) in-
cabin eNBs gives an information on how much interference is
caused by in-cabin eNBs.

In LTE systems, a RB consists of 7 OFDM symbols, each
OFDM symbol has 12 subcarriers and each subcarrier has
15 kHz spacing [20]. Thus, a RB consists of 84 subcarriers
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and corresponds to 180 kHz in the frequency domain. Among
the OFDM symbols, only 2 of them (first and fifth OFDM
symbols) carry the reference signal. RSSI is obtained by
averaging the received power of 12 subcarriers located in each
OFDM symbol that carries the reference signal.

Obtaining RSSI of a user is dependent on used RBs at
the connected cell and the cells using the same RBs in the
given case. Let x be the case index, C be the set of all cells
considered in the system, c be the cell index and r be the
used RB index at the cell c that serves the user u. Firstly,
obtain the set Cx which represents the active cells in the case
x. For example, in case 1, all the terrestrial cells will be
considered whereas, in case 2 the terrestrial and in-cabin cells
will be considered. Then, obtain the set Crx which represents
the cells that use the RB r. Accordingly, it can be written that
Crx ⊆ Cx ⊆ C. Therefore, RSSI of a user for case x, PRSSI

u,x is
obtained by:

PRSSI
u,x =

(
1

7

)∑
c∈Crx

NRB,c∑
r=1

Pu,c,r

 , (10)

where Pu,c,r is the received power on RB r from cell c
to user u; and NRB,c is the total number of RBs used in
cell c. The factor of 1/7 used in (10) is to calculate RSSI
based on 3GPP definitions where as noted, 2 out of 7 OFDM
symbols use reference signals in a RB and the received power
on subcarriers in these symbols are averaged. In this study,
channel gain is obtained based on a RB level. In order to obtain
the average received power level of the 2 OFDM symbols, the
received power of a RB should be divided by the number of
symbols in a RB, which is equal to 7. The parameter Pu,c,r
is calculated based on the transmission power and number of
RBs used in cell c as well as channel coefficients between the
cell c and user u on RB r as:

Pu,c,r =

( √
Pc

NRB,c
Hu,c
r

)2

, (11)

where Pc is the transmission power at cell c; and Hu,c
r

represents channel coefficients. Hu,c
r is obtained by (2) or (9)

when cell c is an in-cabin LTE cell or terrestrial LTE cell,
respectively.

B. SINR Analysis

As noted, RSSI gives information on the average total
received power. It can only be affected by the number of de-
ployed eNBs, their transmission power and inherently, channel
coefficients between the mobile device and eNBs. When there
is a limitation on the number of attached users per eNB, a
user may not attach to its best serving eNB and forced to
connect to its second best eNB. The RSSI level of this user
will be the same. Therefore, the effect of having a limitation
on the number of attached users cannot be observed from
the RSSI level. However, in such a situation, the signal-to-
noise-plus-interference ratio (SINR) which is the ratio between
the desired signal and undesired signals including noise,
performance of the user will be degraded. Therefore, SINR
performance is considered in order to investigate interaction

between the in-cabin and terrestrial LTE systems when there
is a constraint on number of users per eNB. SINR of a user
u on RB r for a case x, γu,r,x, is calculated as:

γu,r,x =
Pu,c∗,r∑

c∈Crx
c 6=c∗

Pu,c,r +Nr
, (12)

where c∗ is the cell that user u is connected to; and Nr is the
noise power. The noise power Nr is computed by utilizing the
well known thermal noise power equation Nr = kTBr, where
k is Boltzmann’s constant; T is the temperature in Kelvin; and
Br is the bandwidth of a RB, which is 180 kHz as noted.

C. Handover Analysis

In order to provide a user-friendly integration of an in-
cabin communication system, it is important that the users
can make use of the system as soon as they step on board the
aircraft. In communication systems, when a neighbouring cell
provides better signal quality than the connected cell, the user
will connect to the neighbouring cell. This process is called
cell re-selection when a user is in idle-mode3 and called as
handover when a user is in connected mode 4. In LTE, these
processes are triggered by eNB based on measurement reports
sent by UE. Therefore, cell re-selection and handover are a UE
assisted, eNB triggered processes in LTE.

When the UE is attached to one of the cells, it becomes a
part of the network and periodically measures reference signal
received power (RSRP) and reference signal received quality
(RSRQ) levels based on the reference signal (RS) received
from the connected and neighbour cells, which are the cells
adjacent to the connected cell. Before the UE conducts any
measurement, the eNB specifies the type of measurement,
which is called an “event” in LTE. Based on the measurement
reports sent by UE, the eNB decides to trigger cell re-selection
or the handover process. Triggering these processes can be
based on the RSRP level, RSRQ level or both. The triggering
quantity depends on the eNB configuration and is sent to
UE via system information block (SIB) messages. When the
trigger quantity is achieved by a neighbouring cell, the serving
eNB decides whether to handover the UE or not.

In Fig. 4, the measurement event A3, which is the case
where the neighbour cell becomes offset better than the con-
nected cell, is depicted. As shown in Fig. 4, RSRP is chosen
as the trigger quantity and there are offset and hysteresis pa-
rameters added to the serving cell RSRP. The offset parameter
is used to make the serving cell attractive in order to decrease
the number of handovers. The hysteresis parameter is used to
discard small fluctuations and make sure that the UE has a
stronger signal from a neighbouring cell. On the other hand,
there is another offset value used for the neighbouring cell,
called cellIndividualOffset. This parameter is used to extend
the range of a cell, termed cell range extension (CRE) in
LTE. CRE method is used in heterogeneous networks to force

3When the user has no dedicated resources for transmission, this is called
idle mode and means that the UE just transmits and receives control messages.

4When the user is in the connected mode, it transmits and receives data
messages.
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a user, which is connected to a highly loaded macrocell, to
connect a lightly loaded small (pico or femto) cell. Therefore,
the cellIndividualOffset parameter artificially increases the
received signal quality of a cell in order to offload the highly
loaded cells.

As shown in Fig. 4, when the artificial RSRP of the neigh-
bouring cell exceeds the triggering threshold of the serving
cell, event A3 is triggered. At this point, the handover process
has not happened yet. The event A3 is triggered with a time-
to-trigger parameter. The time-to-trigger is a duration that UE
performs frequent measurements of the signal quality of the
serving and neighbouring cells. The purpose of using such
a time interval before handover the UE is to avoid a ping-
pong effect5. Therefore, when the time-to-trigger duration
is finished and filtered6 signal quality measurement of the
neighbouring cell is better than the serving cell, then the
eNB decides to handover the UE to the cell which provides
better signal quality. Accordingly, the parameters a3-Offset,
hysteresis, cellIndividualOffset and time-to-trigger are needed
to be known to make the transition from the terrestrial to in-
cabin system smoothly.

VI. SIMULATION MODEL

A. Physical Model

In the simulation platform, Edinburgh Airport, including the
airport building, gates and apron, is physically modeled based
on its coordinates. In addition, the existing LTE eNBs of each
operator are modeled. The height of each eNB is randomly
assigned as 10 m or 25 m. Then, three Airbus A321 aircraft
are modeled as parked on the airport apron where each of
them has a connection to the airport building by a passenger
boarding bridge (referred to as the gateway in this study).

Once all the physical buildings and cells are modeled,
in-cabin and terrestrial users are modeled. As shown in
Fig. 1, all passenger seats represent a user. Terrestrial users
are considered as 3 different classes – airport indoor users,
gateway users who are waiting to board the aircraft and

5A ping-pong effect is the term used to describe a situation that a UE is
continuously handedover between the same two cells.

6In LTE, UE applies a filtering (averaging) for all measurements (except
for UE transmitter-receiver time difference, RSSI and channel occupancy
measurements) before evaluating or reporting the measurement result.

aircraft ground service users. In total, 4 different classes of
user are considered, including in-cabin users alongside the
aforementioned ones. The location of the airport indoor users
and ground service users are randomly distributed inside the
airport and around each aircraft, respectively. However, the
gateway users are uniformly distributed to model them as if
they are waiting in a line within the gateway. The geometrical
model of Edinburgh Airport, existing LTE eNBs, in-cabin
eNBs and users are shown in Fig. 5.

B. Path Loss and Channel Model

As noted in Section II-B and Section III-C, the model given
in [11] and WINNER+ channel models are used to model
the channel from in-cabin eNBs to terrestrial users as well as
terrestrial eNBs to all users, both the in-cabin and terrestrial
users. Accordingly, when a link from an in-cabin eNB to a
terrestrial user is considered, indoor-to-outdoor scenario B4 is
used to model path loss. Also, when a link from a terrestrial
eNB to an in-cabin user is considered, the same scenario B4
is used to model outdoor-to-indoor link path loss. For both
cases, the aircraft fuselage attenuation which will be explained
in more detail in the next section, is added to the calculated
path loss. However, when a link from a terrestrial eNB to a
terrestrial users is considered, WINNER scenario and link case
(LoS or NLoS) decision is made as follows:
• Step 1 - Check the height of the eNB,

– if it is 10 m, the eNB is microcell and the scenario
should be B1 or B4;

– if it is 25 m, the eNB is macrocell and the scenario
should be C1, C2 or C4.

• Step 2 - Check the link from the eNB to the user,
– if the number of wall intersection points is larger

than 1, the link is definitely NLoS;
– otherwise, the link can be LoS or NLoS based on its

distance dependent LoS probability which is given
in (4),(5) and (6) for scenarios B1, C1 and C2,
respectively.

In Fig. 6, the calculation of the number of wall intersection
points is depicted. When the channel between the user and
eNB A is considered, there is only one intersection point on
the path of the signal propagation, which means that between
eNB A and the airport building wall, the channel could be
a LoS one. However, when the channel between a user and
eNB B is considered, there are 3 intersection points along the
line of signal propagation. Accordingly, the link from eNB
B to the airport building wall is definitely NLoS. The same
approach can be used to characterize the channel between the
eNBs inside the 1st and 3rd aircraft where the 2nd aircraft is in
parking position between the other two. Thus, all the channels
from/to eNBs inside the 1st aircraft as well as to/from the 3rd
aircraft are definitely NLoS channels.

C. Aircraft Fuselage Attenuation

Based on ECC reports [5], [7], three different aircraft
fuselage attenuation cases, namely case A, case B and case
C, are considered. The aircraft fuselage attenuation level is
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assumed as 5 dB, 10 dB and 15 dB for case A, case B and case
C, respectively. In this study, the described aircraft fuselage
attenuation cases A and C are considered. Accordingly, as
noted, the channel from/to in-cabin eNBs/users are attenuated
an additional 5 dB or 15 dB to model the aircraft fuselage for
cases A or C, respectively. When channels between the aircraft
are considered, the attenuation is added twice as expected
in order to model from aircraft-to-air and from air-to-aircraft
transmissions.

D. Transmission Power and Antenna Gain

Based on [7], [13], antenna input power is assumed as 43
dBm for 5 MHz channel, and 46 dBm for 10 MHz, 15 MHz
and 20 MHz channels in downlink of the LTE 1800 MHz
system. However, in [21], the maximum permitted downlink
transmission power for LTE 1800 MHz is increased by 3
dB for operators in the UK which covers operators EE and
H3G. Accordingly, the antenna input power is assumed as
46 dBm for 5 MHz channel and 49 dBm for 10 MHz, 15
MHz and 20 MHz channels in downlink of the system. Also,

maximum allowable EIRP is stated as 65 dBm [21] which is
the summation of the antenna input power and antenna gain. In
the simulations, antenna gain of the terrestrial eNBs is set to 15
dBi [13] and assumed as uniform in each direction to simulate
an omni-directional antenna. Although the terrestrial eNBs
are generally deployed as in three sectors with directional
antennas, assuming uniform gain in each direction makes the
system as the worst case scenario.

For the in-cabin LTE 1800 MHz system, the antenna input
power is assumed as 10.2 dBm due to the short distance
between eNBs and users inside the aircraft. The antenna
gain of the used 2 × 1 directional patch antennas is 12 dBi.
Accordingly, for the in-cabin eNBs, an EIRP of 22.2 dBm is
considered.

E. Simulation Parameters

The system parameters used within the simulation adhere
to the LTE specifications and operator licenses. A list of all
the parameters is summarized in Table III.

VII. SIMULATION RESULTS

Performance of the in-cabin LTE system within the existing
LTE network is simulated and the results are given below.
The system performance evaluation is based on 500 Monte
Carlo simulations, where in each simulation the terrestrial
users are randomly located. As noted in Section V, RSSI
and SINR are considered as the performance metrics for four
different cases. Accordingly, RSSI and SINR performance of
the terrestrial users are observed when the in-cabin LTE eNBs
are not in operation, which is the case 1. RSSI and SINR
performance are also observed for the in-cabin users when
there is no transmission from the terrestrial and nearby in-
cabin LTE eNBs, which is the case 4. As noted in Section
V, the case 1 and case 4 are the benchmark for the terrestrial
and in-cabin users, respectively. In addition to the performance
observation for the cases 1 and 4, RSSI is observed for the case
3, by considering the only in-cabin LTE eNBs in operation.
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TABLE III
SIMULATION PARAMETERS

In-Cabin LTE System Parameter Value
Total bandwidth 75 MHz
RB bandwidth 180 kHz

Total number of RBs 375
Subcarriers per RB 12

time slot (TS) duration 0.5 ms
OFDM symbols per TS 7

Total number of channels 4
Channel 1 frequency band 1805-1825 MHz (1×20 MHz; 100 RBs)
Channel 2 frequency band 1825-1845 MHz (1×20 MHz; 100 RBs)
Channel 3 frequency band 1845-1860 MHz (1×15 MHz; 75 RBs)
Channel 4 frequency band 1860-1880 MHz (1×20 MHz; 100 RBs)

Antenna input power 10.2 dBm
Tx antenna gain 12 dBi
Rx antenna gain 0 dBi

Tx antenna height (from cabin floor) 1.8 m
Rx antenna height (from cabin floor) 1.1 m

Tx antenna type 2×1 Directional Patch
Tx antenna tilt 40o

Total number of eNBs 2
Total number of users 205

Aircraft fuselage attenuation 5 dB, 15 dB
Frequency reuse 1

Terrestrial LTE System Parameter Value
Operator H3G frequency band 1816.7-1831.7 MHz (1×5 MHz + 1×10 MHz; 75 RBs)
Operator EE frequency band 1831.7-1876.7 MHz (3×15 MHz; 225 RBs)

Antenna input power - 5 MHz 46 dBm
Antenna input power - 10, 15, 20 MHz 49 dBm

Tx antenna gain 15 dBi
Rx antenna gain 0 dBi

Tx antenna height (from ground) 10 or 25 m
Rx antenna height (from ground/floor) 1.5 m

Tx antenna type Omni-directional
Tx antenna tilt 0o

Total number of EE eNBs 50
Total number of H3G eNBs 26

Total number of gateway users 50 per aircraft
Total number of ground service users 8 per aircraft
Total number of airport indoor users 250

Frequency Reuse 1
Terrestrial LTE System Parameter Value

Boltzmann’s constant 1.38×10−23 Joule/Kelvin
Temperature 5500 Kelvin

After that, full-scale LTE system (case 2) is considered by
operating all, the in-cabin and terrestrial, eNBs. Then, in order
to understand the interaction among the terrestrial and in-cabin
LTE systems, the benchmark cases are compared with the full-
scale system case.

In the performance result figures, the function F (X) refers
to the cumulative distribution function (CDF) which is defined
as the probability of the random variable X takes on values
less than or equal to x.

A. Interference Power Results

In order to evaluate the transmission power leakage from
the aircraft to the outside, as well as from the outside to
the aircraft, eNBs inside the second aircraft, which is parked
between the other two aircraft, are considered. In Fig. 7, the
received interference power level of users inside the second
aircraft are shown for different numbers of aircraft and de-
scribed simulation cases 2, 3 and 4. It can be clearly seen from
Fig. 7 that the interference signal from one aircraft to another
has almost no effect on the given linear apron concept7. This
is due to the aircraft fuselage attenuation, which is considered
as 5 dB, the distance between the aircraft and the transmission
power used in the in-cabin eNBs. As noted, in the proposed in-
cabin LTE system, eNB antennas are pointed to the cockpit and

7Although the distance between the nose of two aircraft may shorter than
the aircraft wing span for a concept where several aircraft facing each other,
there will be an additional wall attenuation due to the airport terminal building
inbetween the facing aircraft. Therefore, for other airport apron concepts, it is
unlikely that interference will be higher than the linear concept where several
aircraft are parked side by side.
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Fig. 7. Received interference power levels for in-cabin users inside the second
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tail of the aircraft by using directional antennas. Thus, signal
propagation is constrained on the pointed direction and the
side lobe propagation is minimized. Moreover, the interference
power from the terrestrial eNBs to the users inside the aircraft
has slightly increased the received interference power for 20%
of the in-cabin users. However, it is important to note that the
main interference source of the in-cabin users is the other eNB
deployed inside the same aircraft. The received interference
power level within the same onboard system inside the second
aircraft is around 70 dB and 20 dB higher than the received
power level from the other two aircraft and terrestrial eNBs,
respectively. Therefore, it can be said that based on the position
of the aircraft parking spots, where the minimum distance
between the spots are fixed for all airport aprons, and the
given onboard system deployment, increasing the number of
aircraft does not increase the interference power level among
the onboard systems.

In order to investigate the transmission power leakage from
in-cabin eNBs to the outside of the aircraft, received power
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level from the in-cabin eNBs at outside the aircraft is obtained
inside a circle with a radius of 50 m around the second
aircraft8. In Fig. 8, the received interference power level of
different number of aircraft and fuselage attenuation levels
are shown. When the number of aircraft parked on the apron
is increased, the median of the received interference power
level increases. However, the maximum value of the inter-
ference is not changed. This is due to the architectural plan
used in airport aprons. The minimum distance between the
aircraft parking spots depends on regulations to standardized
it independent from the type and size of an aircraft. When the
power leakage from the 1st and 3rd aircraft is considered for
the users on the ground around the 2nd aircraft, it will only
affect the users close to these aircraft. Therefore, the median
of the received interference power CDF is increased but the
maximum received level remains the same. The same observa-
tion can be made for both aircraft fuselage attenuation levels.
Inherently, for a low attenuation level, the power leakage
increases but increasing the number of aircraft in the system
does not change the maximum received interference level.
Moreover, when the interference power level from all 3 aircraft
is taken into account for the users around the 2nd aircraft,
there is no change on the overall received interference power
level independent from the considered fuselage attenuation.
This is due to having relatively higher interference from other
terrestrial eNBs than the in-cabin eNBs in the system.

The RSSI performance of the users in the considered
system is investigated as well. Fig. 9 shows the CDF of the
experienced RSSI difference between the systems with and
without in-cabin LTE eNBs. When the performance of the in-
cabin users is considered, a notable RSSI degradation is not
observed. Therefore, as noted, it can be understood that the
terrestrial LTE eNBs do not contribute to the interference level
inside the aircraft in the downlink direction. However, the in-
cabin LTE eNBs cause interference to the gateway users. This
could potentially result in the connectivity in an area close
to the aircraft doors being compromised. Although the in-
cabin eNB causes an increase in the interference power level,
exceeding the limit considered by the ECC is only observed for
0.005% and 0.07% of the gateway users when the aircraft fuse-
lage attenuation is considered as 15 dB and 5 dB, respectively.
It is clear that due to the aircraft fuselage attenuation, the used
in-cabin transmission power, the airport wall attenuation and
distance between the apron and the airport, the least vulnerable
users are the ones inside the airport. Based on the simulation
results, for 15 dB fuselage attenuation, the RSSI performance
of airport indoor users is essentially the same as when the in-
cabin LTE system is transmitting and when it is not. This
is the case for the ground service users as well. There is
no significant additional interference power caused by the in-
cabin LTE eNBs. Although the RSSI performance of airport
indoor and ground service users are slightly increased for the
5 dB fuselage attenuation, it is still far below the ECC’s limit.

8Based on the given system model, the second aircraft is located 44 m
away from the both first and third aircraft.

B. SINR Results

As noted, SINR performance is observed in order to inves-
tigate the effects of having limitation on the number of users
that an terrestrial eNB can serve. 20 users per eNB, 50 users
per eNB and unlimited users per eNB cases are simulated
and compared. As described in Section IV-B, the given user
number is the maximum capability limit for a terrestrial eNB.
It is important to note, the given user capability limitation is
only applied to the terrestrial eNBs, not to the in-cabin eNBs.
When an terrestrial eNB has reached its maximum capability
number, it will not accept the connection request from a user.
The declined user has to connect to another terrestrial eNB,
which is not its best serving eNB. Therefore, when the systems
with and without limitations on the number of users that an
eNB can serve are compared, a SINR performance degradation
is expected. However, as noted, the focus of this study is to
understand how the in-cabin eNBs interact with the terrestrial
network. From this perspective, when a terrestrial user cannot
connect to its best serving eNB and is forced to connect
to another terrestrial eNB, its main interference source will
become its best serving eNB. Therefore, it is expected that the
SINR performance degradation due to interference generated
by the in-cabin eNBs in operation is negligible.

Fig. 10 shows the observed SINR difference between the
systems with and without in-cabin eNBs for different class
of users when there is a limitation on the number of users
per eNB. According to the Fig. 10, having a number of
users per eNB limitation has a negligible effect on the RB
SINR performance. When three cases for the number of users
per eNB are considered for the gateway users, the SINR
performance degradation due to the existence of in-cabin eNBs
is getting lower with decreasing the number of users per
eNB, as expected. Although a small degradation in the SINR
performance can be seen for the gateway users, the considered
three cases for the number of users that an eNB can serve have
exactly the same SINR performance per RB for the ground
service and airport indoor users. The capacity of RBs appears
to be minimally affected by the given eNB user capability
limits.

In Fig. 11, the SINR difference per RB is shown for the
eNBs with unlimited user capability in order to make a fair
comparison between the performance of the terrestrial and in-
cabin users. When the observed RSSI difference performance
given in Fig. 9 is taken into account, it is expected that the
SINR difference observed for the in-cabin, ground service
and airport indoor users should be the same. However, as
shown in Fig. 11, the SINR difference of the in-cabin users
is slightly larger than the SINR difference performance of the
ground service and airport indoor users, irrespective of the
considered fuselage attenuation. This can be explained by the
considered EIRP for the in-cabin LTE system which is 22.2
dBm and relatively lower than the EIRP values considered for
the terrestrial LTE system.

In general, activating the in-cabin LTE system does not
have a significant harmful effect on the existing terrestrial
LTE network and its users. Especially since, realistically, there
are limitations on the number of users that an eNB can
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Fig. 9. RSSI difference between the systems with and without in-cabin LTE system
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serve, contribution of the in-cabin eNBs to the interference
level is negligible. The main interference source becomes the
terrestrial eNBs. Although, the performance of several RBs is
decreased, the majority of the RBs have the same performance
with and without the in-cabin system being operational.

C. Handover Results

In order to analyse the handover triggering for a passenger
boarding the aircraft, a moving user is modeled in the system
where it starts its move from inside the airport, then travels
through the gateway to board the aircraft and walks to end
of the cabin. The speed of the moving user is assumed to be
3 km/h (0.82 m/s) and its path is shown in Fig. 12.

Fig. 13 shows handover instances along the moving user
path. Handover triggering quantity is considered as RSRP. The
range of the handover parameters are given in Table IV. The
parameters a3-Offset, hysteresis and time-to-trigger are set to
12 dB, 6 dB and 1024 ms, respectively. The individualCellOff-
set is considered as 0 dB for terrestrial eNBs and 3 dB for

in-cabin eNBs. As it is shown in Fig. 13(b), as the moving
user steps onto the aircraft, it is handed over to the in-cabin
eNB.

For the considered system model, the received signal power
level varied from eNB to eNB. However, in order to understand
all perspectives of the compatibility of the terrestrial and in-
cabin systems, −50 dBm, −70 dBm and −90 dBm of RSRP
levels are considered outside the aircraft irrespective of the
location of the eNBs. In Table V, an approximated distance
between the terrestrial eNB and the aircraft is given for the
noted RSRP levels when the transmission power and transmit
antenna gain of the terrestrial eNB are set to 49 dBm and
16 dBi, respectively.

Based on the given handover parameters and RSRP levels
from a terrestrial and in-cabin eNBs, the handover triggering
threshold can be written as:

RSRPout + a3-Offset + hysteresis < RSRPin + CIO, (13)

where RSRPout is the RSRP level from a terrestrial eNB;
RSRPin is the highest RSRP level in front of the aircraft
entrance door when a user onboard the aircraft; and CIO
represents cellIndividualOffset. The possible cellIndividualOff-
set values can be obtained based on the achieved RSRPout,
RSRPin and the used handover parameters, namely a3-Offset
and hysteresis9. For example, lets consider that RSRPout, a3-
Offset and hysteresis are equal to −90 dBm, 10 dB and 5 dB,
respectively. When the in-cabin eNB transmission power is
set to 10.2 dBm, RSRPin is −78.9 dBm around the aircraft
front entrance door. Accordingly, for the given example, the
cellIndividualOffset should be set to 4 dB to satisfy (13) to
handover the user as soon as boards the aircraft. However, for
the given example, if the considered RSRPout level is equal
to −50 dBm, then there is no cellIndividualOffset value in its
prescribed range – the maximum value of the cellIndividu-
alOffset is 24 dB. Therefore, for such a case, the a3-offset

9Range of a3-Offset, hysteresis and cellIndividualOffset parameters can be
found in Table IV.
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Fig. 11. SINR difference per RB between the systems with and without in-cabin LTE system

TABLE IV
EVENT A3 PARAMETERS

Parameter Range Unit Notes
cellIndividualOffset -24, -22,...,-2, -1, 0, 1, 2,...,22, 24 dB Set as Q-OffsetRange
a3-Offset -30,...,30 - 0.5×a3-Offset dB
Hysteresis 0,...,30 - 0.5×Hysteresis dB
TimeToTrigger 0, 40, 64, 80, 100, 128, 160, 256, 320, 480, 512, 640, 1024,

1280, 2560, 5120
ms
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Fig. 12. Moving user route

TABLE V
DISTANCE BETWEEN THE TERRESTRIAL ENB AND AIRCRAFT FOR A

GIVEN RSRP LEVEL

Desired
RSRP Level Distance

−50 dBm 50 m
−70 dBm 135 m
−90 dBm 500 m

and hysteresis parameters of the terrestrial eNB should be set
to lower values, as depicted in Fig. 4.

VIII. CONCLUSION

In this study, compatibility between an in-cabin LTE system
and the existing terrestrial LTE network is investigated while
the aircraft is parked on the airport apron which is structured
based on the linear apron concept. Although the ECC reports
and decisions state that an in-cabin mobile communication
system should not be activated/operated while the aircraft is
on the ground or during take-off and landing (only active when
the altitude of the aircraft is above 3000 m), it is of interest
to establish the effects such operation would have on the
existing terrestrial networks. Accordingly, Edinburgh Airport
and existing LTE eNBs covering the airport are modeled in
this study. Generally accepted and validated WINNER channel
models are used to model link between terrestrial eNBs and
all classes of users, and a channel model obtained from in-
cabin measurement campaign data is used to model channel
between the in-cabin eNBs and in-cabin users.

Based on interference power performance results of the
systems with and without in-cabin LTE eNBs, an in-cabin
LTE system can be operated within the existing LTE network
without causing almost any interference. There should be an
exception for the users who are in the process of boarding
the aircraft by use of a passenger bridge. To mitigate possible
harmful interference to the existing LTE network users on the
passenger bridge, the in-cabin LTE system could be operated
only after boarding is completed and the passenger bridge is
empty.
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Fig. 13. Handover occurrence for the moving user. Written number on the red circles represents serving eNB after handover - eNB index equal or smaller
than 24 represents in-cabin eNBs (there are 3 aircraft, in each aircraft there are 2 eNBs and in each eNB there are 4 cells) and larger than 24 represents
terrestrial eNBs.

In addition, users who are connected to the terrestrial
network are split between the different operators and only
allowed to connect to their operator’s eNBs. The process
through which UE attaches to an eNB is also studied in
detail, in order to understand if there are any other challenges
associated with having a limitation on the number of users that
an eNB can serve. Based on the SINR performance results with
and without in-cabin LTE eNBs, when a user cannot connect
to an eNB that serves the best average received power, the
performance degradation due to the presence of the in-cabin
eNBs is negligible.

In conclusion, it is shown that the in-cabin LTE network
does not interact significantly with the terrestrial LTE network
and vice versa in the downlink direction. This means that there
should not be any significant challenges from a signal quality
and network management perspective that need to be solved in
order for the two networks to co-exist. Therefore, it is essential
that the legislation that prohibits the use of mobile devices
onboard aircraft is reviewed, so that the necessary steps can be
taken to enter the next generation of communication systems,
which will provide seamless mobile connectivity.
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