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ABSTRACT

This paper considers an analytical model of an LTE network using LSA concept to gain access to
the airport spectrum according to the limit power algorithm with signal-interference ratio
threshold as a stand-alone cell during the airplane takeoff. User transmission power and
transmission rate plots against time are presented for different cell locations for two different
signal propagation models.
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Poccuiickuii yHUBepCUTET Apy»KObI HapooB, I. MockBa, Poccus

OLEHKA NIPOU3BOAUTE/IbHOCTHU PABOTbI LSA HA ITIPUMEPE MOJE/IU
OT/JEJbHO B3TOM COTHI

AHHOTALUA

B daHHOUl cmambe nocmpoeHa aHaaumuveckas modeab cemu LTE, ucnoab3yroujeti MmouyHocmu
asponopma no mexHoso2uu LSA, coeaacHo aszopummy o2paHu4eHus MOUHOCMU, C NOPO208bIM
3HAYeHUeM HAd OMHOoUleHUe cuzHaAd K uHmepd@depeHyuu Ha npumepe omaesibHO 83s1Moli comul 8
MoMeHMbl 83/1ema camosiema. [IpusedeHbl epauku usMeHeHusl MOujHocmel U ckopocmel
ab60HEeHMOo8 0/51 pAas/Au4HbIX NOJOHCEHUU paccmampueaemoll comsl 8 3a8ucuMocmu om
8peMeHU.

K/IIOYEBBIE C/IOBA

LTE; 3amyxaHue cueHana; LSA; uHmepgepeHyusi; CHUXceHue MOWHocmu.

In this paper, we study an LSA use case, where the airport owns a spectrum license over a large area
and uses it for the telemetry when airplanes take-off. There is a cellular network present in the area where
the airplane receives telemetry signals, and the respective mobile network operator (MNO) has means to
constrain its interference towards the airplanes. Also we assume that planes take-off only occasionally, that
is, only one airplane is presentin the MNO coverage at once. Thus the spectrum is used in small and localized
area around the airplane. In the considered scenario, a mobile network uses an airports telemetry spectrum
until an airplane needs to receive telemetry signal from the air traffic control. When it happens, the MNO
restricts interference its user equipment (UE) causes around the position of the airplane, to let it receive the
telemetry signal. To this end, MNO uses limit power policy [1]. The MNO reduces its UE power for users
using LSA band in this area. Also note that here we consider two signal propagation models - two-ray
ground-reflection model and free-space path loss model. The results on power and transmission rate were
derived and compared for both models.

Table 1 represents the notations used further in the paper. Note that while function p- (t) is the

reduced power of the UE, constant p-* is the initial UE power.
Table 1. Notations

Notations | Value | Description
Airport parameters
f 2.1 GHz carrier frequency
G, 3 airport antenna gain
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height on which the airport

ha 20m transmitter is located
po 24.39 dBm [2] power of the airport transmitter
Vo 65m/s airplane take-off speed
a 5m/s airplane acceleration
B 7 deg [1] airplane ascent angle
o)
Two-ray ground-reflection model . .
Free-space path loss signal propagation model
y 15 deg take-off ranwa})l( ‘;L:;I; angle towards
(xa,ya ,0) (0,0,0) position of the airport
(x(¢) (2).2(0)) position of the airplane at time {
d (t) distance between the airplane and
¢ the airport at time !
e (t) power received by the airplane
a from the airport at time ¢
Operator parameters
r, 288 m [1] cell radius
G, 18 BS transmitter Gain
h, 10m height on which the BS transmitter
is located
h, 1.5m height on which the UE is located
o 23dBm power of the user equipment
(xc’yc’o) position of eNodeB
P (t) power recieved by airplane from
the cell user at time
d, (t) distance between the.airplane and
eNodeB at time
projection of the distance between
D, (l‘) the airplane and eNodeB at time {
towards vector !
d(t) distance between the airplane and
the closest user at time !
SIR(1) SIR for the ariplane at time !
d (t) distance between the airplane and
! the closest edge user at time !
projection of the distance between
D,(¢) the airplane and the closest edge
user attime ¢ towards vector !
— reduced power of the user
pi() equipment at time !
C 20 MGz channel bandwidth
w 16.8 Mb/s initial downlink transmission rate

wlt)

downlink transmission rate at time
t

The airport is located at the coordinates (x,,y,) and it has a transmitter that sends telemetry

signals to the airplanes during take-off. The transmitter power is p- , the carrier frequency is f . Airplane
takes off with speed v , acceleration ¢ and ascending angle S following trajectory j (Fig. 1). The runway
is facing along the vectori . There is a mobile operator network in the area around the airport. This operator
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uses LSA and transmits on the same frequency as the airport. The eNodeB has a directional transmitter that
does not interfere with the signals the airplane receives from the airport. The UE have omnidirectional

transmitter that transmits with power p~ and can interfere with the airplanes in the vicinity. Let us

consider the worst-case scenario for a stand-alone cell when the user interfering with the airplane holds
closest to the airplane position in the cell. Target cell eNodeB is located at the coordinates (x,, y, ), the cell

have radius, .

zA

Fig. 1. LSA use-case scenario
The UE interferes with the telemetry signal and the interference threshold is given by its respective

SIR value SIR,, . That means that if the SIR on the airplane SIR(¢) at time # reaches the threshold SIR, the

transmitting power of the users' equipment will be reduced so that the SIR value for the plane is goes up to
the threshold. When the SIR on the plane exceeds the threshold value SIR, , the power of the UE can be

restored. Thus we need to determine the timeslot when the cell interference towards airplane causes SIR
reduction below the threshold S/R, .

Let the airplane at time ¢ be located at the coordinates (x(t), y(¢), z(¢)) . Knowing the airplane starting
position and all its starting data we can obtain its position as

2

x(t): X, Jr(vot +%cosﬂ}c03y, (D
2

y@%-ya+(mt+?§%m#ﬂwmn (2)
Cat®

2(t)= ?smﬂ . (3)

Let us denote the distance between the airplane and the eNodeB as

4. (0)=xle)=x P+ () P+ (0)-1. P (4)
distance between the airplane and the closest edge user,
2
L) (VO 07 )+ - ®
and the distance between the airplane and the airport

o (0) = l6)x, P + ()~ v, P + ()1, P (6)
These distances can be seen in Fig. 2, which presents a side view projection along the airplane's

trajectory.
Considering two-ray ground-reflection model (PL), path loss of the signal that travels distance d can be
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found using the following formula

d4
PL(d)=10lg)| ——— |, (7a)
@) (G&ZQMZJ
for free-space path loss model (FSPL) path loss is derived from formula
RW%G”—ZO@(iﬂ%j, (7b)
C

where ¢=3-10% - speed of light.

Considering the above introduced notations algorithm to estimate the UE power reduction level can
be presented as follows.

Using formulas (7a), (7b) we can obtain the signal received by the airplane from the airport at time
¢t . For PL model it can be written as

pi(t)= pi = PL(d, (1)) (8a)
and for FSPL model it is
pe(6)= pi — FSPL(d, (t)). (8b)
Z ,
A J
(x(O.y(0),2(2)
W - Vo 0)
a i
0l Card) N
D.(1)
Fig. 2. Model notations for the stand-alone cell scenario
Using formulas (8) and (7) we can acquire distance d(t) as
ﬂﬂ_pfﬁq
Y4
a, ()= L (o2 = pr () =10 O 4G22 (02 (%)
for PL, and
A0
d, ()= FspL(p™ - p=(1))=-S-10 " 20 9b
0= FsPL ol = prr ()= (o0)

for FSPL. Note that in case of FSPL model we disregard the height of the antennas since it have close to no
effect the end result.

Since we consider case when SIR SIR, = p.*(t)— p.*(¢) we can express p/* (t) as

P (0)= i ()= SIRg (10)
Let's also denote the projection of the distance from the airplane to the eNodeB towards vector i
(Fig. 2):
D,(t)=dZ(t)-2*(1) (11)
Now we can find the distance between the airplane and the closest user in cell. There are two

possible cases.
Case A. if D,(¢)< ., that is the airplane is located directly above the cell. In this case since we

consider the worst-case scenario, the closest user is located directly below the airplane. In this case the
distance between the airplane and the closest user equals the flight height, that is d, (r)=z(¢) (Fig. 3A).
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Case B. If r, <D,(¢), that is the airplane is located close enough to the cell to experience high

interference, but it is not located directly above the cell (Fig. 3B). In this case the distance between the
airplane and the closest user equals the distance between the airplane and the cell edge d()=d,,(¢).

Thus d(t):{z(t)’Dc(t)s r.

4,0).0.(1)> 1. (12)

1

A
#7!

Fig. 3A. Above the cell Fig. 3B. Outside the cell
Fig. 3 Cell-relative airplane position
Knowing the distance to the closest user, using formulas (8a), (8b) we can calculate SIR for each
moment of time:

SIR(t)= p(t)- pi¥(e), (13)

Thus using expression (12) with SIR threshold SIR, and setting p’*(t)= p*(¢) we can obtain a

formula to calculate the UE power reduction level p/*(¢) as follows:

pr= min{p;x () SIRy + PL"(d,, (¢)), p } (14)
After that we can use Shannon formula to calculate maximal downlink (DL) transmission rate in the
cell as

pi(t)-PL (r,)~1
w(t)=C In[1+10 10 , (15)

where interference towards user signal / can be considered constant and obtained by using initial DL
transmission rate as

als

I=p* —PL (r,)-10lg| € —-1|. (16)

Note, that in formulas (14), (15), (16) PL" is the formula for path loss substituted with (7a) or (7b)
depending on the model considered.

Further we present a numerical analysis for several different locations of eNodeB. The input data is
presented in Table 1 and the eNodeB locations can be seen on fugure Fig. 4. Fig. 5 shows the case when the
cells are located directly along the airplane's path and have the highest Interference towards the plane. For
most of these cells at some time interval the airplane is located directly above them (Case A). Fig. 5A shows
UE transmission power variation and worst case transmission power for cells along the airplanes trajectory
marked on Fig. 4 for free space path loss model, Fig. 5B shows DL transmission rate variation and worst case
transmission rate for the same cells under FSPL model. Fig. 5C and Fig. 5D show worst case UE transmission
power and DL transmission rate for the marked cells under two-ray ground-reflection model. The dashed
lines shows transmission power and DL transmission rate variation for each marked cell, while the solid
line outlines the minimal possible values across all cells. The last cell can correspond to the coverage
boundary.

It can be seen that while considering FSPL model the power rapidly drops at the takeoff and only
starts rising when the airplane leaves the corresponding cell, and even after that the power never comes up
to the initial value, until the airplane fully leaves the area. Although in this case we never actually shut down
a cell, as it can be seen on Fig. 5B the actual transmission rate is very low until the airplane vacates the
spectrum.
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Fig.4 Cell locations respective to the airplane trajectory

3 122
205

2

[e)

a

[EEY
()

Sdaelil2/ L ALUASULSLISLERSRELaLLLAL

50 b Ceo 40 t, Go
eeeeee UE transmission power in cell eeeeee UE transmission rate in cell

e 0TSt Case transmittion power

worst case transmittion rate
Fig. 5B Transmission rate along the airplane trajectory

Fig. 5A Transmission power along the airplane trajectory
under free space path loss model
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Fig. 5C Transmission power along the airplane trajectory  Fig. 5D Transmission rate along the airplane trajectory
under two-ray ground-reflection model under two-ray ground-reflection model
Fig. 5Transmission power and transmission rate variations in cells along the airplane’s trajectory

In case of two-ray ground-reflection model both power and transmission rate rapidly decreases
when the airplane approaches the cell and it steadily grows as the airplane leaves the cell. Although for this
model the decrease and grow of both transmission power and transmission rate are much faster, it is evident
from the plots, that nonetheless maximal value is still never reached, since it would make the interference
towards the airplane too strong. Basically, both models follow the same path, although values given by the
two-ray ground-reflection model are higher, which in turn tells us that the estimation derived from this
model might be better suited for our scenario. This conclusion is partially proved by an LSA simulation
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experiment conducted on the fully-functional 3GPP LTE cellular deployment in Brno University of
Technology is described in [3], since for the 2 cell network the transmission rate of one cell was relatively
high, even when the second cell was shut down. The graphs for DL transmission rate resembles those
obtained in [3] with the exception of asymmetry of the presented graph, which can be explained by using
SIR instead of received interference as the licensee QoS parameter. Also comparing two graphs an offset can
be observed. This offset is caused by the fact that in [3] data recording ended upon reaching the furthest
part of the second cell, while in present paper we consider longer time interval.

In this paper we studied a stand-alone cell scenario for limit power policy with SIR as the licensee
QoS parameter for LTE network using LSA. Numerical analysis shows that for the cells along the airplane's
path transmission power and DL transmission rate would be minimal for those, whose centers are directly
located under the airplane, while for the cells located away from the airplane's trajectory the worst case
would be reached for the cell, closest to the airplane trajectory. Also it was shown, that the two-ray ground-
reflection model gives us better estimation of the power behavior for the considered scenario, and periods
of sharp power and transmission rate reduction for this model are comparatively short, so it is still possible
to use the spectrum even when it is simultaneously used for telemetry if SIR is used as the licensee QoS
parameter by the airport, although the transmission rate would be lower compared to the case of vacant
spectrum.
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