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ABSTRACT

Ultra-wideband radio technology (UWB), is a wireless access tech-
nology that allows exchanging of data over a radio channel between
over short distances at very high speed and low power consumption.
UWRB signals are short pulses the entire energy of which is distributed
over a given wide region of the spectrum. With a sufficiently high total
power transmitted over the air and with low power consumption and
a pulsed nature of data transmission, a high data transmission rate can
be obtained. This work has done interference analysis of ultra-wide
bandwidth technologies (UWB) operating in the frequency band
7240-8240 MHz to the Earth monitoring and meteorological satellite
systems that operate in this band. Taking into account the rapid devel-
opment of users' UWB devices in different frequency bands, the study
tries to estimate the long-term impact of aggregate interference from
UWRB devices located around the satellite Earth stations. The study
considers two satellite systems as an example of victim receivers. The
UWRB density assumptions made in the studies are based on the fore-
casts of CEPT and UWB Alliance.

KEYWORDS: UWB, Earth exploration satellites, meteorological satel-
lites, interfernce analysis, Monte-Carlo analysis, spectrum management.

SYNCHROINFO JOURNAL No. 3. 2022



I. INTRODUCTION

Ultra-wideband radio technology (UWB), is a wireless
access technology that allows exchanging of data over a
radio channel between over short distances at very high
speed and low power consumption. UWB signals are short
pulses the entire energy of which is distributed over a giv-
en wide region of the spectrum. With a sufficiently high
total power transmitted over the air and with low power
consumption and a pulsed nature of data transmission, a
high data transmission rate can be obtained. UWB tech-
nology uses radio signals with a spectrum width of at least
500 MHz allocated in the radio frequency band from 2.86
GHz to 10.6 GHz. UWB has been in use for more than 20
years and most of the devices are used for radar, position-
ing, and visualization systems. But today UWB technolo-
gy has also been actively introduced into user devices
such as laptops, smartphones, tablets, etc., and these days
there is a trend towards a gradual increase of UWB device
density. According to UWB Alliance by 2022 more than
500 million UWB devices will be in circulation and by
2025 the rates will exceed 1 billion devices. UWB
smartphone accessories will drive a 1:1 chip ratio with
smartphones by the end of 2025 [1]. Although UWB is
categorized as a low-power device, a high density of de-
vices has the potential to cause harmful interference to the
operating radio services. At present, one of the main fre-
quency bands for the development of UWB user devices
can be the frequency band 7240-8240 MHz, in which
UWB supports channels 8, 9, and 11. Table 1 shows the
channels supported by UWB devices [2].

II. SIMULATION PARAMETERS
AND SCENARIOS

In UWB transmissions the data is carried in the polari-
ty of the pulses in the BPSK modulation technique, sym-
bol 1 has a phase value of zero degrees and symbol 0 has
a phase value of 180 degrees. The transmitting and de-
ployment characteristics of UWB used in the study devic-
es are presented Table 2 [4].

Table 2
Parameters of UWB devices used in simulation
Parameter Value
Channel bandwidth (MHz) 500
Modulation BPSK
Antenna gain (dBi) 0
Antenna pattern Omni
Spectral power density 413
(dBm/MHz) )
Body loss 4 dB
Number of simultaneously active 250
UWRB per km?
Number of UWB located indoors 70%

Table 1
Supported UWB channels

Ne channel Central frequency Bandwidth
1 3494,4 MHz 499,2 MHz
2 3993,6 MHz 499,2 MHz
3 4492,8 MHz 499,2 MHz
4 3993,6 MHz 1331,2 MHz
5 6489,6 MHz 499,2 MHz
6 6988,8 MHz 499,2 MHz
7 6489,6 MHz 1081,6 MHz
8 7488,0 MHz 499,2 MHz
9 7987,2 MHz 499,2 MHz
10 8486,4 MHz 499,2 MHz
11 7987,2 MHz 1331,2 MHz
12 8985,6 MHz 499,2 MHz
13 9484,8 MHz 499,2 MHz
14 9484,0 MHz 499,2 MHz
15 9484,8 MHz 1354,97 MHz
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The frequency band 7240-8240 MHz is allocated to
various satellite services, including Earth-exploration sat-
ellite service, meteorological satellite service, fixed-
satellite service, and mobile satellite service [3]. This
study does simulations of interference analysis from UWB
devices to the Earth stations of the satellite networks. As
victim satellites systems, two example systems were con-
sidered.

The first system that is considered a victim receiver is
the Earth station of Kanopus. Kanopus is an Earth obser-
vation satellite that is designed to collect data for envi-
ronmental monitoring and mapping, detection of fires,
agricultural planning, and assessing land use. It can also
be used to monitor man-made and natural disasters. In
simulations, the victim receiving Earth station was track-
ing Kanopus satellite. Figure 1 shows the Earth station of
Kanopus satellite while tracking it.

Fig. 1. Earth station tracking Kanopus satellite

Characteristics of the Kanopus satellite system used in
simulations are presented in Table 3 [5], characteristics
include the Earth station’s receiving parameters, as well as
orbital parameters of the satellite to implement the track-
ing mode of the Earth station.
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Table 3
Parameters of Kanopus satellite system

Parameter Value
Orbit type Circular
Altitude of satellite (km) 510
Orbit inclination (degrees) 97
Receiving bandwidth (MHz) 123
Noise temperature of ES (K) 130
Antenna gain of ES (dBi) 53
Antenna pattern of ES Rec. ITU-R S.465
Antenna height of ES (m) 10
. 55 latitude
Location of ES (degrees) 37.5 longitude

The second system that is considered in simulations as
a victim receiver was the Earth station of Elektro-L. El-
ektro-L is a next-generation series of a meteorological
satellites designed for producing images of the Earth's
whole hemisphere in both visible and infrared frequen-
cies, providing data for climate change and ocean moni-
toring in addition to their primary weather forecasting
role. Figure 2 depicts the Elektro-L service footprint area
as well as the Earth station that is pointed towards the
satellite.

Fig. 2. Earth station pointing towards Elektro-L satellite

Characteristics of the Elektro-L satellite system used in
simulations are presented in Table 4 [5], characteristics
include the Earth station’s receiving parameters, as well as
the orbital position of the satellite to definite the antenna
pointing of the Earth station.

Table 4
Parameters of Kanopus satellite system
Parameter Value
Orbit type Geostationary
Orbital position (degrees) 76
Receiving bandwidth (MHz) 30
Noise temperature of ES (K) 150
Antenna gain of ES (dBi) 50
Antenna pattern of ES Rec. ITU-R S.580
Antenna height of ES (m) 10
. 48.55 latitude
Location of ES (degrees) 135.167 longitude
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III. SIMULATIONS AND METHODOLOGY

The protection criterion of the satellite services was in-
terference-to-noise ratio (I/N) which according the ITU
recommendations is -12.2 dB. To calculate the I/N at each
simulation step the following expression can be used [6]:

Iywg(@)

%[dB] =101log,, (Zi 10" ) — (D + NF + 101og(B))

where, lyws (i) are the interference from i active
UWB device (dBm); D is receiver noise power density
(dBm/Hz); NF is receiver noise figure (dB), B is receiver
channel bandwidth (Hz).

The interference from each UWB transmitter can be
derived from the below expression [6]:

luws = Ptx + Givt + Ges — Lp — Lypr

where, Prx the transmitted power of the i" UWB device
(dBm); Guwe the transmit antenna gain of the i UWB
device towards the victim receiver (dBi); Ggs the receive
antenna gain of the Earth station towards the interfering
station (dBi), L, the propagation loss from the transmit-
ting UWB and receiving ES (dB), Ly the polarization
loss (dB).

Before the interference simulations were made, the
movement of the satellite systems was simulated to define
the distribution of elevation angles. The elevation angle is
important because it determines the amount of interfer-
ence the Earth station will receive from UWB generally
the lower the elevation angle, the higher interference from
UWB there will be. Azimuth in this scenario generally is
not important since UWB are randomly distributed around
the Earth station and the Earth station is located in the
center of the simulated area, however, it was also taken
into account. Kanopus satellite movement was simulated
for 3 months with a 1-second step, at each step elevation
angles and azimuths were defined. Figure 3 shows simula-
tion of Kanopus satellite movement.

Fig. 3. Earth station pointing towards Elektro-L satellite
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After the simulation of the satellite movement was fin-
ished, the obtained data array of elevation and azimuth
angles was stored and uploaded to the ES during the inter-
ference simulations. Figure 4 shows the distribution of
azimuths (green lines), elevations (red lines), and distanc-
es (blue lines) within the 3 months of simulation.
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[

Fig. 4. Earth station pointing towards Elektro-L satellite

For the Elektro-L case, the elevation angle was calcu-
lated, however in this case the task was much easier since
in the case of geostationary orbit the elevation angle and
azimuth would be static. The elevation angle towards the
geostationary satellite may be calculated using the fol-
lowing expression [7]:

" h
6 = cos™ (H-TGSO\/I

— cos?(B) cosz(LE))

where r. is the equatorial radius = 6378.14 km; hgso is the
geostationary altitude = 35 786 km; d is the range between
the Earth station and the satellite (km); B is the differen-
tial longitude (degrees); L is the ES latitude (degrees).

Figure 5 shows the slant path from the Earth station
towards the GSO satellite. It can be noticed that the eleva-
tion angle of the Earth station located in the simulated
coordinates equals 11.322 degrees and azimuth equals
245.924 degrees.

Fig. 5. Earth station pointing towards Elektro-L satellite

For interference simulation, Monte-Carlo analysis was
used, and UWB devices were randomly distributed around
the Earth station. The simulations considered the area of 4
m2 where UWB devices were randomly distributed

e

around the Earth station. Since typically Earth stations
have their territory where UWB devices won’t be located,
150 meters protection zone around the Earth stations was
configured. Figure 6 provides an example of interference
simulation of aggregate interference from UWB devices
to the satellite Earth station.

Fig. 6. Earth station pointing towards Elektro-L satellite

To calculate propagation losses in the study Recom-
mendation ITU-R P.2001 [8] for p = 50% which gives
median propagation losses between each UWB device and
ES; To estimate additional clutter loss Recommendation
ITU-R P.2108 [9] was used; To take into account building
entry losses for those UWB that are located indoor Rec-
ommendation ITU-R P.2109 [10] with 50/50 ratio of
building type between traditional and thermally efficient
buildings.

IV. STUDY RESULTS

After the simulations, cumulative distribution func-
tions of I/N were obtained and compared with the protec-
tion criterion to figure out whether I/N is exceeded at any
step or not.

Figure 7 shows the cumulative distribution function of
I/N for the Kanopus satellite, Figure 8 shows the vector
representation of aggregate I/N for each simulation step.
The blue line in both pictures show the threshold border
which equals -12.2 dB.
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Fig. 7. Earth station pointing towards Elektro-L satellite
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Fig. 8. Earth station pointing towards Elektro-L satellite

The figures above show that the criterion I/N = -12.2
dB is satisfied for each simulation step and that the levels
of I/N are close to the I/N threshold only in a very small
percentage of simulation steps.

Figure 9 shows the cumulative distribution function
of I/N for the Elektro-L satellite, Figure 10 shows the
vector representation of aggregate I/N for each simulation
step.
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Fig. 9. Earth station pointing towards Elektro-L satellite
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Fig. 10. Earth station pointing towards Elektro-L satellite

The figures above show that criterion I/N = -12.2 dB
is satisfied for each simulation step and the levels of I/N
are significantly lower than the threshold level.
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V. CONCLUSIONS

Overall, the interference analysis results show that for
both satellite systems the protection criterion interfer-
ence-to-noise isn’t exceeded. It should be noted that in
the study Earth stations were assumed to be located in an
urban area, but in practice, the Earth stations are usually
located in suburban or rural areas where there is a low
density of UWB. Additionally, in many cases, the mini-
mum distance between the UWB devices and an Earth
station would be higher than those that were considered
in the study. Thus it may be concluded that no harmful
interference to the satellite services is expected even
when UWB density will reach significant levels.
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