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ABSTRACT 

 
This paper presents a research conducted on the interference mitigation between IMT-Advanced and Fixed 
Satellite Services (FSS). It covers a deterministic analysis for interference to noise ratio (I/N), adjacent 
channel interference ratio (ACIR) and path loss propagation, in order to determine the separation distances 
in the co-channel interference (CCI) and adjacent channel Interference (ACI) scenarios. An analytical 
model has been developed based on the deterministic analysis of the propagation model. The IMT-
Advanced parameters have been represented by Worldwide Interoperability for Microwave Access 
(WiMAX) 802.16e. The impact of different FSS channel bandwidths, guard band separations, antenna 
heights and different deployment areas on co-existence feasibility are considered. The results obtained in 
terms of minimum required separation distance in three scenarios, co-channel, zero-guard band, and 
adjacent channel are analyzed. 
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1. INTRODUCTION  

 
This paper addresses the (3400-4200) MHz band 

of the spectrum, which has been proposed by the 
International Telecommunication Union of 
Research (ITU-R) as the widest band that will be 
available, up to 100 MHz/channel, for the future 
International Mobile Telecommunication Advanced 
(IMT-Advanced) operational frequency. For FSS, 
C-Band is used in many countries, represented by 
thousands of strategic investments ranging from 
Tele-medicine and distant learning to disaster 
recovery [1]. Accordingly, any immediate transition 
in the use of this band to IMT-Advance services is 
considered unrealistic [2]. The super extended C-
band 3400-4200 MHz is attractive for FSS because 
of its low absorption, highly reliable space to earth 
communication and wide service coverage. In 
addition, this frequency band is widely used by 
satellite operators in the countries with severe rain 
fade conditions due to almost zero rain-induced 
signal attenuation. C-band is also favorable to IMT-
Advanced, because it allows multiple antenna 
technique implementations, and the use of smaller 
antenna for terminals and base stations; as well as 
enabling high space efficiency [1].  

The co-channel interference (CCI) and adjacent 
channel interference (ACI) are issues that result of 
co-locating more than one service in one band. 

However, CCI is the worst of the issues in the co-
existence of both IMT-Advanced and FSS using the 
same frequency carrier. ACI results from other 
signals that are adjacent in the frequency to the 
desired signal.  

The sharing results by using a Minimum 
Coupling Loss (MCL) and Monte-Carlo (MC) 
simulation link gave a required separation distance 
larger than 40km to avoid mutually harmful 
interference between two systems in co-channel and 
adjacent channel interference scenario [3, 4]. On the 
IMT-Advanced side, the Orthogonal Frequency 
Division Multiplexing (OFDM) is currently 
considered the most promising access schemes to 
support IMT-Advanced systems [5]. It is based on 
multi-carrier modulation technique that offers 
excellent performance in combating multi-path 
fading as well as superb efficiency in terms of using 
the available bandwidth [6]. In reviewing the 
literature, no data has been found on the association 
between clutter loss and frequency separation which 
represents the core of interference avoidance study. 
Therefore, this study is aimed at assessing the 
importance of radio propagation coverage and 
models. 

From the radio propagation standpoint, ITU-R 
has specified propagation environments for 
evaluating transmission performance for same 
emerging wireless technologies [7]. These include 
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both terrestrial and satellite propagation situations. 
It is concluded that IMT-Advanced operating 
environments are dense urban, urban, suburban and 
rural, with several common characteristics, such as 
Interference-to-Noise ratio (I/N). The ITU-R452.14 
propagation model is used in the terrestrial 
communications to account for the deteriorating 
effects of clutters on radio transmissions at 
frequencies above 0.7 GHz in different deployment 
environments. Subsequently, an easy to follow 
approach is needed in order to determine the 
frequencies' co-ordinations with different 
bandwidths. 

2. INTERFERENCE ASSESSMENT 

METHOD 

 
The propagation model consists of interferer 

Adjacent Channel Leakage Ratio (ACLR) and 
receiver Adjacent Channel Selectivity (ACS). 
These two parameters will be incorporated into the 
wave propagation model in addition to the clutter 
loss effect. As a case study, one channel of 
MEASAT-3 C-Band downlink (36MHz bandwidth) 
and frequency coordination with WiMAX service 
(20MHz channel bandwidth) is considered for 
initial planning. The received power threshold is 
used as a benchmark for the interference between 
the two systems, while frequency offsets and 
geographical separations for different deployment 
environments are considered. The calculations are 
performed for 4 GHz frequency carrier, based on 
Interference to Noise ratio (I/N) of -10dB. 

Intuitively by introducing clutters, smaller 
separation distance is achieved and vice versa. Path 
loss prediction in the case of Line Of Sight (LOS) 
is obtained by including the losses produced by the 
line-of-sight situation together with the losses 
produced by clutter models. This is summarized in 
Equation (1) [8]: 
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where d is the distance between the interferer and 
the victim receiver in kilometers, f is the carrier 
frequency in Gega Hertz and dk is the distance in 
km from nominal clutter point to the antenna (dk 
=0.02 km, 0.02 km, 0.025 km and 0.1 km for the 

four deployment environments dense urban, urban, 
sub-urban and rural , respectively), h is the antenna 
height (m) above local ground level and ha is the 
nominal clutter height above local ground level 
(ha= 25 m, 20 m, 9 m and 5 m for the four 
deployment environments). The separation distance 
can be calculated as follows: 
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Where EIRP is the effective isotropic radiated 
power transmitted from the interferer, F is the 
frequency in GHz and Gvs is related to the typical 
receiving FSS antenna gain [9]. Equation (2) 
accounts for the most important parameters 
affecting the radio propagation, which might also 
apparently be subdivided into other subparts. 

For realistic consideration of interference, the 
ACLR and ACS are included and derived from 
Equation (2). The receiving gain of FSS station is 
called off axis antenna Gvs(α). The off axis angle 
value depends on the earth station location and the 
main receiving beam, where a typical receiving 
antenna gain can be calculated as Equation (3) [10]: 
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Where Gmax is the maximum antenna gain 

(38dBi), D=1.8m (satellite diameter) and λ is the 
wave length in meter and is given by: 
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In the simulation a value of -10 dB was 
considered to represent the local case study (the 
FSS elevation angle at the experiment location was 
74o). 

In addition to the deterministic approach, other 
critical parameters, such as the receiver blocking 
and ACIR are considered in this work. These 
resulted from the introduction of the Spectrum 
Emission Mask (SEM) of the interferer and the 
blocking filter capability of the victim. It is worth 
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mentioning that receiver blocking and ACIR 
calculations are based on transmitter SEM and 
victim filter response powers [11]. The receiver 
blocking is considered in order to find the power 
degradation in decibel. This can be calculated as 
follows: 
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Where, ACSreduction is the value of received signal 
within the interference, for the case when the 
interferer bandwidth is less than the victim 
bandwidth. It is worth mentioning here that if both 
signals have the same bandwidth, ACS calculation 
will not be necessary and only the SEM of the 
interferer will rise to interference power in the case 
of CCI. Such a SEM is the 20 MHz channel 
bandwidth type-G WiMAX spectrum emission 
mask in [12]. WiMAX system featuring this type of 
SEM was envisaged as the next generation 
technology and is chosen for co-existence and 
sharing studies. Table 1 shows some typical values 
for mobile WiMAX’s SEM. 

Table 1. Reference Frequency for SEM of Type-G 

(Wimax) [12] 

Channel 

separation (MHz) 
0 0.5 0.5 0.71 1.06 2 2.5 

WiMAX band 

width 

from Fc (MHz) 

0 10 10 14.2 21.2 40 50 

Power loss (dB) 0 0 -8 -32 -38 
-

50 

-

50 

 

The channel 20 MHz bandwidth is multiplied by 
a factor 0.5, which is the normalized frequency 
offset, in order to achieve a 10 MHz separation 
from the assigned frequency carrier. All the 
frequency offsets and the corresponding power 
spectral densities will conform to the following 
straight-line equation: 

 ( )f a f b∆ = ∆ +   (6) 

Where ∆f denotes the frequency offset from the 
carrier, a represents the amount of attenuation in dB 
in the segment and b is the attenuation in dB at a 
certain frequency offset from the reference. 
Therefore, as the frequency offset becomes wider, 
the effect of ACLR will be less. 

The FSS Channel selectivity is obtained by 
superimposing the front-end band-pass filter on an 
assumed typical IF (70 MHz) surface acoustic wave 
filter (36MHz bandwidth). So, ACS is the ratio of 

receiver filter attenuation over its pass-band to by 
the receiver’s filter attenuation over an adjacent 
frequency channel. As an example for practical 
measurements of the ACS values, Table 2 
represents the channel bandwidth and the amount of 
power reductions as the signal deviated from the 
frequency carrier [13]. 

Table 2: FSS Receiver Channel Selectivity Attenuation 

Front-End Plus IF 

Channel 

separation 

(MHz) 

0 0.5 0.58 0.66 1.38 
1.6

6 
2.5 

FSS bandwidth 

from  

fc (MHz) 

0 18 21.1 24 50 60 90 

Power loss 

(dB) 
0 0 -40 -48 -61 -66 -75 

 

Table 2 shows that the power reduction 
corresponds to the amount of separation distance 
from the frequency carrier, which correspondingly 
increases the selectivity of adjacent channel.  The 
ACS reduction at the CCI scenario and the victim 
bandwidth can be relatively calculated in different 
ways. Using the power attenuation in Tables 1 and 
2, the ACS reduction reaches up to 34.5 dB for the 
FSS (36 MHz) and WiMAX (20 MHz) channel 
bandwidths. This value can be used when the 
frequency offset is 0 MHz. In order to calculate the 
adjacent channel interference, the ACIR should be 
considered by reducing the interference powers of 
the interferer ACLR and the victim ACS which are 
located on different central frequencies [14]. The 
ACIR is given by: 
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Where ACLR is the ratio of the power over 

signals pass-band to the interference power over 
receiver pass-band and ACS is the ratio of the 
receiver pass-band attenuation to the receiver filter 
adjacent channel attenuation. Therefore, the 
interference power can be calculated as a summation 
of out-of-band interference and in-band interference. 
In order to calculate the separation distance required 
to achieve the co-existence between two systems in 
ACI scenario. 

Using Tables 1 and 2, ACLR and ACS can be 
obtained for any frequency offset within the 
proposed range. The ACIR can be calculated using 
Equation (9) which depends on the receiver ACS 
and transmitter ACLR. In order to calculate the 
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interference in the adjacent channel, the ACIR 
should be considered by reducing the interference 
powers of the interferer and the victim that are 
located in different central frequencies [14]. As a 
result the ACIR has been calculated and obtained in 
Figure 1 for ∆f= 28, 33 and 40 MHz based on ACS 
and ACLR. 

 
Fig. 1. Compression Between ACLR And ACIR. 

Figure 1 shows that frequency offsets have been 
chosen to get guard bands of 0, 5MHz and 12 MHz, 
respectively. Clearly, the ACS of FSS receiver plays 
an important role in reducing the harmful adjacent 
channel leakage of the receiver by 8.6, 8.6 and 7 dB, 
respectively, when ∆f=28, 33 and 40 MHz. Using 
ACIR offers other good features on the analytical 
model. These features include the same method for 
studying the interference in the larger guard band 
and the ability to obtain the co-existence for a 
required separation distance by controlling the 
frequency offset between two systems. 

 
3. ASSESSMENT SCENARIO 

 

Three scenarios are considered in this paper. The 
first scenario shows the interfering signal falling 
within the operating band of the victim FSS 
receiver (they are co-channeled). In the second 
scenario, both victim and interferer bands fall 
outside each other and are located contiguously 
(adjacent). Nevertheless, inserting a guard band in 
between the two systems forms the third co-
existence scenario, where interference is therefore 
minimal. In each of the interference scenarios, there 
is the need to consider a certain procedure in order 
to achieve the co-existence.  

For the purpose of analyzing the co-existence in 
various environments, these three scenarios will be 
used and simulated based on the aforementioned 
deployment areas. By considering the 
channelization plan for MEASAT downlink 
transponders, one channel is proposed at 4 GHz 
central frequency as illustrated in Figure 2. 

 

Fig. 2. MEASAT-3 Spectrum Plan With The Proposed 
Channel. 

Figure 2 depicts the downlink channelization plan 
for MEASAT-3 geostationary satellite orbit where 
the proposed 20 MHz WiMAX replaces the 36 MHz 
FSS channel. Consequently, a maximum of 12 MHz 
guard band may be obtained when such a proposal 
is applied. This outcome was actually the driving 
impetus behind the specified frequency offset.  

A fixed protection ratio has been used as a criterion 
for the interference scenarios in order to limit the 
interference, by using I/N = -10 dB.  

MEASAT satellite has 24 transponders and each 
of the transponders has a maximum of 36 MHz 
channel Bandwidth. In order to determine the 
maximum possible level of in-band interference at 
the FSS receiver, the following expressions have 
been used: 

 (10 5.7)
C I C

dB
I N N
= + = +   (8) 
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where C is the carrier power at the receiver in 
dB, C/N is the required carrier to noise ratio which 
is specified as a 5.7dB minimum [15], Iin-band is 
the required protection ratio, K is Boltzmann 
constant =  1.38× 10-23 J/k, T is the temperature in 
Kelvin and B is the noise bandwidth in Hz [2]. With 
the carrier frequency at 4 GHz, the overall 
propagation model may be rewritten as follows: 
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The ACIR is the adjacent channel interference 
ratio due to the receiver filter and transmitted mask 
at any frequency offset. Corr_band is the correction 
factor of the band ratio, which is equal to 0 dB when 
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BWWiMAX < BWFSS. Otherwise, Corr_band = -
10log (BWWiMAX/BWFSS), when BWWiMAX > 
BWFSS. Therefore, when the bandwidth of FSS is 
230 kHz, the correction band is given by the 
following expression: 

 
6

10 3

20 10
C _ 10 log ( ) 19.4

230 10

WiMAX

FSS

orr band l dB
×

= − = −

×

 

 (12) 

The value of correction band is used in the 
simulation processes. 

4. SIMULATION PARAMETERS 

 
A simulation of two base stations, WiMAX 

802.16e and FSS, has been conducted by proposing 
the most appropriate parameters for WiMAX 
802.16e and the used parameters for the FSS 
receiver. These parameters are quite compatible 
with those proposed in the WRC-07 [16]. 

For WiMAX base station, it is proposed to be 
macro station coverage with a SEM type-G (model 
number: UTIS EN301021), with the antenna height 
fixed to 30 m above ground level. Antenna gain 
proposed to be 18dBi for 3 sectors base station and 
power transmitted of 43 dBm is applied for the 
WiMAX systems. The frequency carrier is attuned 
in order to benefit the co-existence in the adjacent 
channel interference. A really rare case is 
considered when co-channel interference happens at 
the 4000MHz frequency carrier.  

For FSS an antenna of variable heights (1.8 m 
and 5m) is used to highlight the fact that the position 
of the FSS receiver on the ground can reduce the 
separation. The FSS antenna gain is 38 dBi, 
frequency carrier is 4000 MHz, elevation angle is 
74o, Azimuth 263.7o, dish diameter is 1.8m, 
bandwidth of 0.23MHz and 36MHz, and two 
interference levels were considered -
143dBw/36MHz and -165dBw/0.23MHz. Referring 
to the effect of clutter loss, it is noticed that 
increasing the FSS receiver height corresponds to 
extending the separation distance. Therefore if the 
FSS base station is higher than the clutter height, 
then the minimum distance required will remain 
fixed. The FSS parameters reflect the fact that a 
fixed position of FSS receiver is used, while the 
WiMAX ones apparently show movable type of 
WiMAX base station parameters. 

5. MINIMUM SEPARATION DISTANCE 

BETWEEN WIMAX AND FSS AT 36 MHZ  

 

The results of separation distance have been 
summarized in Figure 3, when the values of 

frequency offset between carriers are 0, 28 and 40 
MHz. By fixing the limit of I/N to -10dB as a 
protection ratio, the calculations for co-channel and 
adjacent channel are performed for the current 
frequency band 4GHz (these include interferers’ 
ACLR and receivers’ ACS). 

 

Fig. 3. Results Of Separation Distance For Four 

Different Environments At Different Frequency Offsets. 

Figure 3 shows the separation distance between 
FSS ES and WiMAX in four different deployment 
areas, when a FSS antenna height of 5 m is used for 
CCI and ACI. It shows that nature of clutter could 
affect the overall results. It can be used for different 
deployment environments which justified the effects 
of using different antennas, clutter heights and 
nominal building separations. A minimum 
separation distance between two services was 
achieved when the dense urban environment was 
selected for the deployment area. The worst case of 
interference occurs when the rural deployment area 
is used. A minimum separation distance without 
mitigation technique was endorsed when 12 MHz is 
used as a guard band in urban and dense urban area. 
In order to determine the effect of the antenna 
heights, different deployment areas are considered 
with respect to the CCI and adjacent channel 
interference scenarios as shown in Figure 4. 
However, the frequency offsets were equal to 0, 28, 
33 and 40 MHz for 36 MHz FSS channel 
bandwidth. 
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Fig. 4. Separation Distance Using Variable FSS 

Antenna Heights For Four Different Environments At 

Different Frequency Offsets. 

However, the clutter loss is directly related to the 
antenna heights. Therefore, for an antenna height of 
1.8 m, clutter height losses are 19.74 dB, 19.73 dB, 
19.5 dB and 15.4 dB as isolation provided in the 
dense urban, urban, suburban and rural areas, 
respectively. On the other hand, when the FSS 
height is 5 m, then the corresponding clutter 
isolation will be 19.65 dB, 19.55 dB, 13.6 dB and -
0.32 dB, respectively.  

By referring to the propagation model, the 
clutter loss in the rural area coverage must be set to 
a value less than zero. These values will definitely 
increase the separation distances, and consequently 
it is most difficult to achieve the co-existence in the 
rural area, compared to other deployment areas. 

 

6. MINIMUM SEPARATION DISTANCE 

BETWEEN WIMAX AND FSS AT 0.23 

MHZ  

 
When FSS bandwidth of 0.23 MHz is used to 
conduct the assessment, the interference level was -
165 dBW/0.23 MHz. It can produce a longer 
separation distance due to the increase in the 
receiver sensitivity. When the victim bandwidth is 
less than the interferer bandwidth, the sufficient 
separation distance for a specific guard band can be 
tuned manually. Even though without incorporating 
a mitigation technique in this scenario, the guard 
band required to protect the victim is efficient.  

The Interference from WiMAX (20 MHz 
bandwidth) to FSS (0.23 MHz bandwidth) was 
simulated and interference to noise protection ratio 
of -10 dB was considered. Thus, the scenarios of 
CCI and ACI are considered to represent the 
frequency dimension as a possible mitigation 
technique. This is used to reduce the separation 
distance between the two services as presented in 
Figure 5. 

 

Fig. 5. The Separation Distance Between Wimax And 

FSS When FSS Bandwidth Is 0.23 Mhz In The Four 
Deployment Areas For Different Frequency Offsets. 

Figure 5 shows that minimum required 
separation distance of 49.1 km could be achieved 
with 1.8 m FSS receiver height in the ACI scenario 
under dense urban area environment. However, the 
worst case of interference is experienced when a 
rural area was used as the deployment scenario in 
the CCI. The minimum separation distances 
required for the urban area deployment were 4.3 km 
and 49.6 km for 36 MHz and 0.23 MHz FSS 
channel bandwidths, respectively. Note that a 12 
MHz guard band and 1.8 m antenna height were 
used. Analyses of Figure 11 have revealed that three 
types of frequency offsets (0, 10.15 and 22.5 MHz) 
are used to compare the minimum separation 
distances in the four environments.  

By comparing Figure 4 with the results 
presented in Figure 5, it is observed that when FSS 
receiver bandwidth is 36 MHz, the possibilities of 
co-existence are increased due to separation distance 
reduction. However, the noise level of a victim FSS 
is improved to -143 dBW/36 MHz and the adjacent 
channel scenario gave a wide separation between 
carriers. This indicates that the higher the difference 
between victim receiver bandwidth and that of the 
interferer, the less the effects of interference from 
the transmitter. Alternatively, it is observed that 
when the frequency offset is more than half of the 
interferer bandwidth, the separation distance 
becomes significantly small. 

7. CONCLUSIONS 

 
A more straightforward approach to the 

protection ratio for future WiMAX 802.16e is 
derived and illustrated in order to achieve the 
frequency coordination with the FSS receiver. In 
the co-channel interference case, it is found that the 
adjacent channel selectivity reduction is 
unnecessary for the receiver when both services 
have the same bandwidth. However, if the 
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interferer’s bandwidth is larger than that of the 
victim, another factor must therefore be added to 
account for mask discrimination correction. The 
results have indicated that the required distance, as 
well as frequency separation, decreases as victim 
receiver bandwidth increases and vice versa. 

It is found that the receiver’s adjacent channel 
selectivity reduction is unnecessary in the CCI 
scenario when both of services have the same 
bandwidth. However, if the interferer’s bandwidth 
is larger than that of the victim’s, then another 
factor should be added to account for mask 
discrimination correction. 

It is observed that the separation distance 
decreases with an increasing channel bandwidth. 
However, higher bandwidth implies higher noise in 
the receiver, and consequently a higher noise floor 
level. As a result, the interfering signal strength 
(dBm) becomes stronger as the distance is nearer. 
Therefore the interference becomes more visible 
when the interferer bandwidth is greater than that of 
victim. On the other hand, less interference is 
encountered when the victim receiver bandwidth is 
wider than that of interfering transmitter. This is 
due to the adjacent channel leakage ratio, which 
accounts for the fact that wider bandwidth of 
interferer results in lower spectral emissions, 
especially in the adjacent bands. Moreover, the 
proposed approach presents a tractable and 
systematic work flow for the calculation of 
protection ratio. The proposed technique is also 
applicable to a wide range of frequencies and 
bandwidths by simply calculating the required 
threshold degradation, ACLR and ACS. 
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