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Abstract

Interference scenarios involving and a methodology for a terrestrial international mobile telecommunication(IMT)
system and mobile-satellite service(MSS) system in a co-channel environment are established. Taking into account a
practical deployment situation for both systems, a computational simulation of interference in terms of the ratio of
interference power to thermal noise(I/N) is performed in order to evaluate the co-frequency interference with the IMT
system caused by the MSS system. The methodology and results could be used for planning an IMT deployment
without an unacceptable interference impact caused by the MSS system.
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[ . Introduction

Considering that international mobile telecommunication
(IMT) systems can provide various telecommunication
services over a wide range of user densities and geogra-
phic coverage areas'’, the World Radiocommunication
Conference(WRC), organized by International Telecommu-
nication Union(ITU), has already identified several fre-
quency bands for IMT use. In addition, in response to
increasing demand for additional spectrums for IMT, the
WRC held in 2007 has further identified some fre-
quency bands based on technical studies such as those
in [2].

We also need to note that interest in mobile-satellite
service(MSS) is increasing worldwide, and developments
toward multimedia, broadband, and integrated systems
have been made to provide various communication ser-
vices for land mobile, maritime, and aeronautical users®.
An MSS may operate as a co-primary service in some
of the frequency bands used by IMT systems. Under these
circumstances, when planning to deploy a terrestrial IMT
system, it is very important to conduct a timely inves-
tigation of any possibility of another service, such as an
MSS in the same frequency band, causing unallowable
interference.

In this paper, we present interference scenarios and a
methodology to evaluate co-frequency interference with
a terrestrial IMT system caused by an MSS system using
a geostationary satellite. We conducted a computational
simulation of interference using the methodology, also
taking into account practical deployment environments

IMT, Mobile-Satellite Service, Interference, I/N.

for both systems. We also provide some simulation re-
sults that can be used as a guide for a deployment plan
of an IMT system.

II. Interference Scenarios and Methodology

For the interference scenarios involving an MSS sys-
tem and an IMT system, the selected approach is based
on the wanted or interfering system. Therefore, we can
consider an interference path from an MSS downlink
(space-to-earth direction), where the transmitting space
station of the MSS would be a source of interference
into the user equipment(UE) and base station(BS) of the
IMT. We can also consider the other interference path
from the MSS uplink(earth-to-space direction), where
the transmitting mobile earth station(MES) for the MSS
would also be a source of interference for the UE and
BS for the IMT.

In this paper, we take into account the practical de-
ployment environments for both interfering and inter-
fered systems. We assume an MSS system employing fre-
quency reuse similar to a cellular system in different spot
beams, and an IMT system using a code division mul-
tiple access(CDMA) scheme.

Fig. 1 shows the interference methodology from the MSS
downlink into the IMT system. For the interference eva-
luation in this situation, we first modeled the MSS opera-
tion environments using some operational parameters such
as the number of spot beams and frequency reuse factor.
If we select one reference cell for the MSS downlink,
some other cells using the same frequency as in the refe-
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Fig. 1. Interference methodology from an MSS downlink
into an IMT.

rence cell can be identified according to the frequency
reuse factor selected. Then, we calculate the aggregate
interference from all co-frequency transmitting beams of
the space station into a UE and BS for the IMT. Fur-
ther, we calculate the aggregate interference by moving
the IMT coverage from the centre of the MSS coverage
linearly in longitude in order to obtain the range of
geographic separation.

We can use (1) to calculate the interference with a
UE or BS for the IMT caused by a single beam of
space station for the MSS.

= DPrivass * 81x,mss * & repur

bw
lp'lf (1)

where, i is the interference power on an in-band UE or
BS due to the transmitting beam from a space station
for an MSS; pr.uss is the transmit beam power at the
antenna input of a space station; gz uss is the gain of a
beam from a space station in the direction of the inter-
fered receiver of a UE or BS; gr.mur is the gain of a
UE or BS in the direction of the transmitting beam of
a space station; /, is the propagation loss between the
interfering transmitter of a space station and interfered
receiver of a UE or BS; / is the feeder loss at the
receivers of a UE or BS; and a,, is the adjustment
factor for different bandwidths between a space station
and UE or BS. For the case of an in-band narrow band
carrier into a wide carrier, ap, is the number of carriers
that each transmit station is transmitting simultaneously.

Since we consider multi-beam operation for the MSS
space station, we need to sum up the interference over
all co-frequency transmitting beams of the interfering space
station.
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Using (1) and the multi-beam consideration above, we
evaluate the interference in terms of the ratio of inter-
ference power to thermal noise(I/N) given in (2).

T Sfor all co— f;uenzybeams/N )
where N is the thermal noise of the interfered receiver
of the UE or BS in the relevant bandwidth.

We also evaluated the interference with the IMT sys-
tem caused by the MSS uplink system, in a similar way
as the case of the MSS downlink described above. The
major difference is that we calculated the aggregate in-
terference from all co-frequency transmitting MESs, in-
stead of multi-spot beams from the space station, into a
UE and BS for the IMT. For the calculation of I/N, we
need to replace some terms for the multi-beam space
station in (1) and (2) with those for multi-MES users.

. Simulation Results

Tables 1 and 2 present the operational system para-
meters for the MSS and IMT systems for simulation,
respectively.

For the antenna pattern of the space station, we assu-
me a symmetrical circular pattern given in (3)[4].

2

2n+1(n + 1)' Jn+1(¢)

G(#)=G
(#) = Grux @

(3)

where ¢ is the off-axis angle, Gmax is the maximum an-
tenna gain, » is the circular aperture taper, which deter-
mines characteristics of beamwidth, sidelobe level and
directivity and J,+1(x) is a Bessel function of the first
kind of order n+1.

Fig. 2 shows the assumed distribution of the MSS

Table 1. MSS system parameters for simulation'.

Altitude of satellite 35,786 km
Number of spot beams 37
Frequency reuse 9
Antenna pattern Eq.(3)
Spap © | Max. antenna gain 40 dBi
station
Transmission power —0.1 dBW

Antenna pattern Rec. ITU-R M.1091

MES Max. antenna gain 12 dBi
Transmission power 1 dBW

Frequency(Down-/up-link) 2.185 / 1.995 GHz

Bandwidth 200 kHz
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Table 2. IMT system parameters for simulation'®.

Number of cells 37
Antenna pattern Rec. ITU-R F.1336
Max. antenna gain 18 dBi

BS Transmission power 10 dBW
Height 30 m
L}lztzl noise power of — 139 dB(W/MHz)
Max. antenna gain 0 dBi
Transmission power —13 dBW

UE Height 15 m
;l;l;zrir\?ea;l noise power of 135 dB(W/MHz)

Bandwidth 5 MHz

system for simulation. We select a downlink reference
cell at the centre of the MSS coverage and then some
other co-frequency cells are identified according to the
frequency reuse factor.

Fig. 3 shows the assumed distribution of MS system
for simulation. As shown in the figure, we assume that
the interfered UE and BS are located at the center of the
IMT service coverage.

Fig. 4 shows the calculated results of the I/N at a UE
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Fig. 2. Distribution of the interfering MSS system for
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Fig. 3. Distribution of the interfered IMT system.

and BS for the IMT due to interference from the MSS
downlink, which is obtained by moving the IMT cove-
rage from the centre of the MSS coverage linearly in
longitude. For the propagation loss, we assumed free space
loss between the space station for the MSS and UE or
BS for the IMT.

As shown in Fig. 4, the interference effect on a BS
is larger than that into a UE due to the larger antenna
gain of the BS. The simulation results also indicate that
when we deploy an IMT system around MSS coverage,
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Fig. 4. Evaluation of interference with an IMT caused by
an MSS downlink.
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we need to avoid the centre of the IMT coverage from 0
to 684 km and also from 1,278 to 2,749 km from the
centre of the MSS coverage in order to not be affected by
unacceptable interference from the MSS downlink, taking
into account an interference criterion of /N=—10 dB'.

From the frequency allocation of the MSS and the
reuse factor, the average capacity per beam can be cal-
culated as 2.22 MHz. With the carrier bandwidth of 200
kHz, this can be rounded to 11 MESs in each cell. There-
fore, for the evaluation of interference with a2 UE or BS
for the IMT caused by the MSS uplink, we assumed a
random distribution of 11 MES users in each co-fre-
quency cell of the MSS uplink as shown in Fig. 5 and
the same location of the UE or BS for the IMT, as shown
in Fig. 2. The propagation loss between an MES and a
UE or BS for the IMT was assumed as in [7].

Fig. 6 shows the results of the evaluation of interfe-
rence with a UE or BS for the IMT caused by the MSS
uplink in terms of //N, which is obtained by moving the
IMT coverage from the centre of the MSS coverage
linearly in longitude.

The simulation results indicate that when we deploy
an IMT system around MSS coverage, we need to con-
sider the range from 306 to 1,700 km for the IMT de-
ployment from the centre of the MSS coverage in order
to not be affected by unacceptable interference from the
MSS uplink, taking into account the same interference
criterion as previously described.
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Fig. 5. Distribution of the interfering MSS system for
uplink.
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Fig. 6. Evaluation of interference with an IMT caused by
an MSS uplink.

IV. Conclusion

This paper presented interference scenarios and a me-
thodology to evaluate co-frequency interference with an
IMT system caused by an MSS system. As a result of
computational simulation based on practical deployment
environments, we need to consider the exclusion zone
for IMT deployment in a wide area in order to not be
affected by unacceptable interference from MSS system.
With these results, we can conclude that compatibility
between an MSS and IMT is hardly feasible in a co-
frequency, co-located situation.

We can use the methodology proposed in this paper
when planning the deployment of an IMT system with-
out the impact of unacceptable interference from an
MSS system.

The proposed methodology can also be extended to
evaluate the interference with MSS system caused by
the MS system including IMT for planning MSS system
deployment without an unacceptable interference impact
from the MS system[sl.
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