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Abstract 

     In the case of advanced multibeam satellite equipped with phased array antenna, a large number of users 
can be effectively served by beamforming narrow spotbeams and managing interbeam interference. The scheme 
investigated in [1] chooses a better signal path between the direct communication from a satellite to a user and 
the indirect communication via ground stations. Transmission diversity to improve reliability and throughput is 
considered by scheduling based on channel conditions and potential interbeam interference. The simulation of [1] 
considers 25 users/gateway on the 5 by 5 planar grid, and the maximum number of active beams is 20. The 
user/gateway is located at one point of the grid. All the 25 users are assumed in the moderately rain weather 
channel condition of the Ka band [2]. In this study, we consider some scenarios of operating ground stations to 
provide better than [1]. In the first scenario, the position of ground station is fixed. In that case, we cannot 
guarantee that the channel condition of ground station would be better than others. Next, among multiple ground 
station candidates, we choose one to have good channel state quality. In the second scenario, we evaluate 
different simulation setups of user scheduling from those of [1]. For example, we expand the number of users 
and ground stations. By simulating each scenario, we show which one has better performance by comparing this 
paper’s results and the simulation results of [1]. In the third scenario simulation, we show how much weather 
effect influence increasing whole throughput. When ground station equipment would be installed to relay 
signals for worse channel states users, weather condition has to be considered to increase throughput in 
conclusion. In emergency situation such as earthquake, tsunami, etc., relay signals of ground station would help 
rescuers to connect each other. When rescuers attempt to set a temporary ground station up, they have to 
consider weather condition to increase throughput. 

 

Keywords : Satellite communication, Relay, weather attenuation effect  

 

 

 

 

MS/IC 
201322003 

김 중 함. Joongham Kim. The study of Power allocation and user 
scheduling for multibeam satellites in different relay scenarios. Department 
of Information and Communication Engineering. 2014. 50p. Advisors Prof. 
Choi, Jihwan, Prof. Co-Advisors Choi, Ji-woong. 



 

 

2 

Ⅰ . INTRODUCTION 

        This paper is about how to increase efficiency of limited power resources satellites 

have. Satellites are very useful equipment for novel communication systems. A satellite also 

has advantages and disadvantages, but it is helpful in case of emergency situations. When it 

suffers disasters such as earthquake, tsunami, etc. in the center of city where infrastructures 

were built, base stations and relay equipment might be destroyed and could be useless. In 

these situations, satellite communication for emergency situations could help to save lots of 

victims who need rescuer’s help. In addition, rescuers can connect each other to save victims 

in natural disaster situations. The survival rate of victims may be increased high. A satellite 

has limited power resource. That is a reason why we consider how to allocate resources and 

do scheduling to achieve maximum throughput. It can be possible to connect directly between 

a satellite and a user. However; the channel environment could be better or worse when a 

satellite and a user attempt to communicate together. To increase efficiency of power 

resource, a ground station is greatly choice in the destroyed area. Ground station can work as 

relay system for victims who have low communication channel qualities. It makes them have 

signal path diversity to increase throughput. This paper compares and evaluates results of 

each situation which scenarios have maximum throughput. Before talking about scenarios, 

basic of satellite communications is explained what kinds of advantages and disadvantages 

exist. The studies of channel model for satellite communication and trend of satellite 

communication research are described. The basic theory of attenuation effects is from 

‘Satellite communication’ of [9] written by Roddy, and Dennis. 
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1.1 Concept of satellite communications in general 

        Satellite communication can defined wireless communication through satellites. In 

general, satellite is defined the object moving around the earth which has equally force 

between gravity earth to satellite and centrifugal force. Wireless communication system is 

classed as fixed communication system, mobile communication system, and satellite 

communication system for each system’s peculiar quality. Using and developing system in 

the real world are the complicated 3 types. Fixed communication system is connected point to 

point as LOS(Line of Sight) path through wireless system. Wireless link can be covered 50-

80 Km considering that the earth looks globular shape. In case of wireless communication for 

long distance, it needs to connect many times of links. For this reason, relay system has to be 

used as you can see figure 1. 

<Figure 1. Wireless static communication relay system> 

 Satellite communication is used for long distance wireless communication because satellite 

can be worked as relay station. It is widely used for direct satellite broadcasting together with 

terrestrial broadcasting. Three satellites can cover the earth when satellite has wide coverage 

as you can see figure 2. 
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<Figure 2. Satellite communication beam coverage> 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

5 

1.2 Basic composition of satellite communication system 

        The composition of satellite communication consist of space part, terrestrial part, 

and signal part connecting with them. There are satellites core and payload in the space part. 

Terrestrial part consists of the earth station for communication and satellite control facility to 

control, track satellite. An uplink is one of the communications link used for the transmission 

of signals from an earth station to a satellite. A downlink is the inverse of a uplink(Figure 3.). 

 
<Figure 3. Link diagram of satellite communication system> 

 Satellite communication has good features as one of the future communication systems. 

  (1) Cost can be reduced to build base stations that satellite does not need to consider how  

     far a transmitter and a receiver are. 

  (2) Wideband frequency can be transmitted at the same time. 

  (3) Satellite can cover huge area and it is easy to change target areas. 

  (4) Obstructions of topography and area of islands cannot be problems. 

  (5) City and mountain villages can receive the same quality services. 

  (6) Satellite can serve emergency event signals as soon as possible. 
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  (7) Experiment environment can be served for the test of novel communication 

     technologies HDTV, VSAT, GPS, SNG, DMB, etc.. 

  (8) A repeater can be shared between neighboring countries through the making 

     cooperative investment. 

 

 It is not always the best way to use satellite communications. Some limited points also exist 

on the contrary to above. 

  (1) Initial investment cost would be excessive even users need small amount data. 

  (2) Additional cost would be generated to build short distance earth station. 

  (3) Satellites have short average life expectancy. 

  (4) Orbit and frequency for allocation are almost saturation. 

  (5) Professional manpower is needed to do maintenance of institution. 

  (6) There are geographical, technical reliability problems. 

  (7) Transmission delay time, echo effect, and some attenuation exist. 
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1.3 Frequency allocations for satellite services 

        To frequency allocation for satellite services is complex process followed 

international coordination and planning. This is carried out under the patronage of the 

International Telecommunication Union (ITU). To make effective frequency planning, the 

world is divided into three regions: 

 

Region 1: Europe, Africa, what was formerly the Soviet Union, and Mongolia 

Region 2: North and South America and Greenland 

Region 3: Asia(excluding region 1 areas), Australia, and the southwest Pacific 

  

 In these regions, frequency bands are allocated for various satellite services. Satellites are 

providing some of the services. 

 

Fixed satellite service (FSS) 

Broadcasting satellite service (BSS) 

Mobile satellite services 

Navigational satellite services 

Meteorological satellite services 

 

 These broad classifications can be subdivided into many services. For example, FSS serves 

links for existing telephone networks in addition to transmit TV signals to cable companies 

for distribution over cable systems. Broadcasting satellite services are mainly for direct 

broadcast to home, sometimes refer to direct broadcast satellite (DBS) service. Mobile 
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satellite services would include land mobile, maritime mobile, and aeronautical mobile. 

Navigational satellite services include global positioning systems (GPS), and satellites 

intended for the meteorological services often provide a search and rescue service. Table 1. 

lists the frequency band designations in common use for satellite services. 

Frequency range (GHz) Band designation 
0.1-0.3 VHF 
0.3-1.0 UHF 
1.0-2.0 L 
2.0-4.0 S 
4.0-8.0 C 
8.0-12.0 X 
12.0-18.0 Ku 
18.0-27.0 K 
27.0-40.0 Ka 
40.0-75 V 
75-110 W 
110-300 𝑚𝑚 
300-3000 𝜇m 

<Table 1. Frequency band designations> 

 Ku band means the band under the K band, and the Ka band is the band above the K band. 

The Ku band is the one used for DBS, and it is also used for certain FSS. The C band is used 

for FSS, and DBS is not allowed in this C band. The very high frequency (VHF) band is used 

for navigational services, certain mobile and for data transfer from weather satellites. Mobile 

satellite services and navigation systems use the L band frequency. For the FSS in the C band, 

approximately 4 to 6 GHz frequency band is using as the most spacious sub-range. The 

higher frequency is always used for the uplink to the satellite, and denoting the C band by 

6/4GHz is common practice, giving the uplink frequency first. For the direct broadcast 

service in the Ku band, approximately 12 to 14 GHz is the most widely used range, which is 

denoted by 14/12 GHz. Table 2. shows the official ITU frequency band designations. 
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Band 
number 

Symbols Frequency 
range(lower 

limit exclusive, 
upper limit 
inclusive) 

Corresponding 
metric 

subdivision 

Metric 
abbreviations 
for the bands 

4 VLF 3-30kHz Myriametric 
waves 

B.Mam 

5 LF 30-300kHz Kilometric 
waves 

B.km 

6 MF 300-3000kHz Hectometric 
waves 

B.hm 

7 HF 3-30MHz Decametric 
waves 

B.dam 

8 VHF 30-300MHz Metric waves B.m 
9 UHF 300-3000MHz Decimetric 

waves 
B.dm 

10 SHF 3-30GHz Centimetric 
waves 

B.cm 

11 EHF 30-300GHz Milimetric 
waves 

B.mm 

12  300-3000GHz Decimillimetric 
waves 

 

<Table 2. ITU Frequency band designations> 
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1.4 Radio wave propagation 

        When communicating between a satellite and an earth station, the signals must pass 

through the earth’s atmosphere. Various losses are introduced on the table 3. 

 
<Figure 4. Layers in the earth’s atmosphere> 

 

Propagation impairment Physical cause Prime importance 
Attenuation and sky noise 
increases 

Atmospheric gases, cloud, 
rain 

Frequencies above about 
10 GHz 

Signal depolarization Rain, ice crystals Dual-polarization systems 
at C and Ku bands 
(depends on system 
configuration) 

Refraction, atmospheric 
multipath 

Atmospheric gases Communication and 
tracking at low elevation 
angles 

Signal scintillations Tropospheric and 
ionospheric refractivity 
fluctuations 

Tropospheric at 
frequencies above 10 GHz 
and low-elevation angles; 
ionospheric at frequencies 
below 10GHz 

Reflection multipath, 
blockage 

Earth’s surface, objects on 
surface 

Mobile satellite services 

Propagation delays, 
variations 

Troposphere, ionosphere Precise timing and location 
systems; time division 
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multiple access(TDMA) 
systems 

Intersystem interference Ducting, scatter, 
diffraction 

Mainly C band at present; 
rain scatter may be 
significant at higher 
frequencies 

<Table 3. Propagation concerns for satellite communications systems> 
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1.5 Atmospheric losses 

        Losses caused the earth’s atmosphere are the result of the energy consumption by 

the atmosphere gases. The atmospheric consumption loss varies with frequency, as shown in 

Fig. 4.2. The figure is based on the statistical data (CCIR Report 719-1, 1982). Two 

consumption peaks will be observed, the first at a frequency of 22.3 GHz, resulting from 

resonance consumption in water vapor (H2O), and the second at 60 GHz, resulting from 

resonance consumption in oxygen (O2). However, at frequencies well clear of these peaks, 

the consumption is low. The graph in Fig. 4.2 is for vertical incidence, that is, for an elevation 

angle of 90° at the antenna of earth station. Denoting this value of consumption loss as 

[AA]90 decibels, then for elevation angles down to 10°, an approximate formula for the 

consumption loss in decibels is (CCIR Report 719-1, 1982). 

𝐴𝐴 = [𝐴𝐴]!"𝑐𝑜𝑠𝑒𝑐𝐸𝑙 

 

 where El is the angle of elevation. An effect such as atmospheric scintillation can also occur. 

This is a fading occurrence, the period of fading being several tens of seconds (Miya, 1983). 

It is caused by differences in the atmospheric refractive index, which in turn results in 

focusing and defocusing of the radio waves, which follow different ray paths through the 

atmosphere. It may be required to make an allowance for atmospheric scintillation, through 

the introduction of a fade margin for the calculations of link power-budget. 
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1.6 Ionospheric Effects 

        Signals travelling between satellites and earth stations must pass through the 

ionosphere. The ionosphere is the upper position of the earth’s atmosphere, which has been 

ionized, mainly by solar radiation. The free electrons existing in the ionosphere are not 

uniformly distributed but consist form in layers. Moreover, clouds of electrons may move 

through the ionosphere and cause fluctuations in the signals that can only be determined on a 

statistical basis. The effects include lots of things such as scintillation, absorption, variation in 

the direction of arrival, propagation delay, dispersion, frequency change, and polarization 

rotation(CCIR Report 263-5, 1982). All these effects decrease when frequency increases, 

most in inverse proportion to the frequency squared, and only the polarization rotation and 

scintillation effects are of major interesting points for satellite communications. Ionospheric 

scintillations are variations in the amplitude, phase, polarization, or angle of arrival of radio 

waves. They are caused by distortions in the ionosphere, which change with time. The main 

effect of scintillations is fading of the signals. The fades can be quite critical, and they may 

last up to several minutes. As with fading caused by atmospheric scintillations, it may be 

required to include a fade margin in the calculations of link power-budget to allow for 

ionospheric scintillation. 
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 1.7 Rain Attenuation 

        Rain attenuation is a function of rain ratio. By rain ratio is meant the rate at which 

rainwater would accumulate in a rain gauge situated at the ground in the area of interest. In 

calculations relating to radio signal attenuation, the rain rate is measured in millimeters per 

hour. Of interest is the time percentage that specified values are exceeded. The time 

percentage is that of a year, for example, a rain rate of 0.001 percent means that the rain rate 

would be exceeded for 0.001 percent of a year, or about 5.3 min during one year. In this case 

the rain would be denoted by R0.001. In general, the percentage time is denoted by p and the 

rain rate by Rp. The specific attenuation 𝛼 is  

𝛼 = 𝑎𝑅!!   dB/km  

   where 𝑎  𝑎𝑛𝑑  𝑏 depend on frequency and polarization. Values for 𝑎  𝑎𝑛𝑑  𝑏 are available in 

tabular form in a number of publications. When the specific attenuation is found, the total 

attenuation is determined as 

𝐴 = 𝛼𝐿 dB 

 where L is the effective path length of the signal in the rain. Because the rain density is 

questionable to be uniform over the actual path length, and effective path length must be used 

rather than the actual length. The geometric, or slant, path length is shown as Ls. This 

depends on the angle of elevation 𝜃 for antenna, and the rain height hR, which is the height 

at which freezing occurs. For small angles of elevation (𝐸𝑙<10°), the determination of 𝐿! is 

complicated by earth curvature (see CCIR Report 564-2, 1982), but for 𝐸𝑙 ≥ 10°  a flat 

earth approximation may be used, and from Figure 5. it is seen that 
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𝐿! =
ℎ! − ℎ!
sin𝐸𝑙  

 

 
<Figure 5. Path length through rain> 

 

 The effective path length is given in respect of the slant length by  

𝐿 = 𝐿!𝑟! 

 where 𝑟! is a reduction factor which is a function of the percentage time p and 𝐿! , the 
horizontal projection of 𝐿!. From figure 5. The horizontal projection is seen to be  

 

𝐿! = 𝐿! cos𝐸𝑙 

 

 With all these factors together plug in one equation, the rain attenuation in decibels is given 

by  

𝐴! = 𝛼𝑅!!𝐿!𝑟! dB 

 

 Interpolation formulas which depend on the climatic zone being considered are available for 

values of p other than those quoted earlier. 
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1.8 Other propagation Impairments 

        Hail, ice, and snow give a small effect as attenuation because of the low water 

amount. The attenuation resulting from clouds can be calculated as that for rain, although the 

attenuation is generally much less. For example, at a frequency of 10GHz and a water amount 

of 0.25  𝑔/𝑚!, the specific attenuation is about 0.05 dB/km and about 0.2 dB/km for a water 

amount of 2.5  𝑔/𝑚!. 
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1.9 Trend of satellite communication channel modeling research 

 Lots of weather effects such as atmospheric losses, ionospheric effects, rain 

attenuation is explained in case of using above 10GHz frequency. Many authors have been 

studying about satellite channel models. In the paper of [8], authors proposed a ka-band land 

mobile satellite(LMS) channel model which is able to take into account weather impairments. 

Generally the channel models only consider mobile enbironment effects like shadowing and 

multipath fading, but this paper considered the weather effects. Ka-band is very sensitive 

frequency band for weather effects. This paper is based on Lutz’s model. Under 10GHz such 

as L/S band(1-2GHz), the satellite transmission includes propagation such as shadowing, 

blockage and multipath fading effects. Above 10GHz frequency is affected by the effects of 

rain attenuation, gaseous absorption, clouds attenuation, scintillation. The weather effects 

denoted as 𝜔, and effects of shadowing and multipath fading denoted as 𝛽. These two effects 

represented by 𝜔 and 𝛽 are assumed to be statistically independent because the underlying 

mechanisms are independent. The received signal amplitude can be interpreted as 𝛾 = 𝛽𝜔, 

assuming that the transmit signal amplitude is normalized to unity. In the paper of [2], this is 

also focused on the combination of tropospheric and local environment propagation effects 

for mobile satellite systems above 10GHz. Emphasis of this research is put on Ku/Ka-band 

LMS channels whose fading events can be modeled by the Rician distribution with a 

relatively high K-factor. The relation between the rainfall and multipath effects in a Ku/Ka-

band LMS channel has been examined. The Rician K-factor degradation should be added on 

top of the respective degradation due to the effects of the scattering surface wetness resulting 

from a rain event. The analysis and the results presented in this paper may provide helpful 

insights and guidelines both to propagation engineers for accurate channel modeling, as well 
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as to communication system engineers for reliable system design. Many studies about 

satellite channel modeling affected by weather condition or sensitiveness above 10GHz 

frequency have been doing by researchers for a long time. My scenarios are focused on log-

normal distributed communication channel condition through the reference paper of [1]. In 

these scenarios, the values of communication channel as weather attenuation are occurred by 

log-normal random function of Matlab. In the paper of [6], weather attenuation factor 𝛼 has 

meaning that it is log-normal distributed depending on weather condition.    The basic 

condition for simulations would explain in the next chapter.   
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Ⅱ . User scheduling for a multibeam satellites in different relay scenarios 

        In this study, we consider some scenarios of operating ground stations to provide 

better than [1]. In the first scenario, the position of ground station is fixed. In that case, we 

cannot guarantee that the channel condition of ground station would be better than others. We 

assume that ground station may have the best channel condition as weather effect. We can 

calculate the upper limit throughput when we have signal path diversity using relay ground 

station. Next, in the second scenario, among multiple ground station candidates, we choose 

one to have good channel state quality. In the second scenario, we evaluate different 

simulation setups of user scheduling from those of [1]. For example, we expand the number 

of users and ground stations. We show the upper bound for the throughput when we have 

user diversity. By simulating each scenario, we show which one has better performance by 

comparing this paper’s results and the simulation results of [1]. Before beginning simulations 

in different relay scenarios, all of conditions considered in case of [1] are described. Power 

allocation method is followed by [1] at the same way.  

 

Nomenclature 

K Number of active beams 

M Number of users 

U Utility 

P Power allocated to the direct user signal 

Q Power allocated to the gateway/feeder antenna signal 

Ptotal   Total power of the satellite 
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J Lagrangian function 

Λ Lagrangian variable 

𝜇 Lagrangian variable 

𝜈 Lagrangian variable 

P* Optimum power allocated to the direct user signal 

Q* Optimum power allocated to the gateway/feeder antenna signal 

C Shannon capacity for user 

𝛼! Signal power attenuation for user 

W Bandwidth used 

N0 Additive white Gaussian noise power density 

H Power loss incurred for user by deploying zero-forcing transmission strategy 

𝜆 Carrier wavelength 

D Antenna diameter 

L Satellite altitude 

Cg Shannon capacity for gateway/feeder antenna 

𝛼!! Signal power attenuation for gateway/feeder antenna 

Hg Power loss incurred for gateway/feeder antenna by deploying zero-forcing  

       transmission strategy 

G Gateway/feeder antenna capacity allocated to user 

𝑙 Minimum distance between active users/gateway 

𝑙∗ Distance threshold between active users/gateway 

𝑁! Number of paths to gateway/feeder antenna 

𝑁! Number of gateway deployed 

Subscript 

𝒾 User index 

𝑗 User index 

k User index 

m User index 
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 Traditionally, gateway links have used different frequencies between user and satellites to 

have links for communication satellites. For this simple model, two conceptual patents are 

considered that one of them proposes for frequency reuse for gateway and user beams, and 

the other is for the use of repeater for combining satellite and repeater signals at user 

terminals. In this work, small ground stations are considered and assume that both types of 

links may suffer from significant inter-beam interferences by sharing the same frequency. 

This scenario is considered where a satellite with K active spot-beams has a gateway/feeder 

antenna/gap filler in addition to M users on the Earth (Figure 6.). 

 
<Figure 6. A multi-beam satellite with K active spot-beams and a gateway/feeder antenna on 

the Earth, to serve M users> 

 

 Each user is assumed to receive its downlink signal either directly from a satellite or via a 

gateway. Then, the scheduler of the satellite faces a problem of choosing a better signal path 

between from the satellite and from the gateway. 𝑃! denotes the power allocated to the direct 

signal to user 𝑖 and 𝑄! denotes the power allocated to the gateway/feeder antenna that will 

forward the received data to user 𝑖 ultimately. Given the total power constraint 𝑃!"!#$ of the 
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satellite, a general utility U is maximized that is a jointly concave function of 𝑃!   𝑎𝑛𝑑  𝑄!. The 

scheduling problem is formulated as follows: 

 

𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒 U(Pi,Qi)                           (1) 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡  𝑡𝑜   (𝑃! + 𝑄!) ≤ 𝑃!"!#$!
!!!                      (2) 

𝑎𝑛𝑑  𝑃! ≥ 0,𝑄! ≥ 0        𝑓𝑜𝑟  𝑒𝑣𝑒𝑟𝑦  𝑖,                      (3) 

 

 where the total power 𝑃!"!#$ of the satellite constrains the sum of power allocated to 

multiple beams. To see which signal path should be selected, we apply the Kuhn-Tucker 

condition, and observe which 𝑃! and/or 𝑄! have a non-zero value. This paper follows the 

formulation, analysis of [1], the Lagrangian function is 

𝐽 𝑃! ,𝑄! = 𝑈 − Λ ∙ ( 𝑃! +! 𝑄! − 𝑃!"!#$)− 𝜇! ∙ −𝑃! − 𝜈! ∙! −𝑄! ,!!      (4) 

where Lagrangian variable Λ(≥ 0) is for the total power constraint, 𝜇!(≥ 0) and 𝜈!(≥ 0) 

are for nonnegative constraints of 𝑃!  and 𝑄!  respectively, and added to see that users 

should be served with nonzero 𝑃! and 𝑄!. The Kuhn-Tucker condition yields 𝜇! > 0 if 

𝑃! = 0  and 𝜇! = 0  if 𝑃! > 0 , which applies to 𝜈!  and 𝑄!  in in the same manner. 

Differentiating 𝐽(𝑃! ,𝑄!) with respect to 𝑃! and 𝑄! respectively gives 

𝜕𝐽

𝜕𝑃𝑖
= 𝜕𝑈

𝜕𝑃𝑖
− Λ+ 𝜇! ,                            (5) 

𝜕𝐽

𝜕𝑄𝑖
= 𝜕𝑈

𝜕𝑄𝑖
− Λ+ 𝜈! ,                            (6) 

 Author first consider the case that only a single path is allowed for each user, in which there 

are three possibilities of optimum power allocation: user 𝑖 has 𝑃!∗ > 0 and 𝑄!∗ = 0,   user 𝑗 

has 𝑃!∗ = 0  and 𝑄!∗ > 0,  and user k has 𝑃!∗ = 0  and 𝑄!∗ = 0.  In other words, user 𝑖 
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receives a packet directly, and user packet of 𝑗 is sent to the gateway while user 𝑘 is not 

served at this opportunity. More general case that both signal paths are allowed for each user 

will be discussed later. At the optimum power 𝑃!∗ > 0 and 𝑄!∗ = 0, user 𝑖 has 𝜇! = 0 and 

𝜈! ≥ 0. This gives 

𝜕𝑈

𝜕𝑃𝑖 (!!!!,!!!!)
> 𝜕𝑈

𝜕𝑃𝑖 (!!!!!
∗,!!!!)

= Λ,                        (7) 

 where the inequality holds due to the concavity of U in terms of 𝑃! and the equality comes 

from setting Eq.(5) equal to zero. Similarly at the optimum power 𝑃!∗ = 0 and 𝑄!∗ > 0, user 

𝑗 has 𝜇! ≥ 0 and 𝜈! = 0. Again from Eq.(6), it obtains 

𝜕𝑈

𝜕𝑄𝑗 (!!!!,!!!!)
> 𝜕𝑈

𝜕𝑄𝑗 (!!!!,!!!!!
∗)
= Λ,                        (8) 

If both 𝑃!∗ and 𝑄!∗  have zero values, user 𝑘 has 𝜇! ≥ 0 and 𝜈! ≥ 0, and thus, 

Λ ≥ 𝜕𝑈

𝜕𝑃𝑘 !!!!,!!!!
,                             (9) 

and 

Λ ≥ 𝜕𝑈

𝜕𝑄𝑘 !!!!,!!!!
.                            (10) 

 If there are only K(<M) active beams available in the practical multibeam satellite, we 

should select K options out of 2M candidate pairs of user and path. The above results imply 

that the optimal user and path selection can be obtained based on the marginal returns of the 

utility at zero power of each path. That is, through (7) and (10), Λ can be explained for the 

threshold level of the partial derivative, which should be less than the marginal return of the 

utility at zero power, if the path has a non-zero power value in the optimal power allocation 
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vector. Hence, if only a single path is allowed form each user, choosing K highest values of 

𝜕𝑈

𝜕𝑃𝑖 (!!!!,!!!!)
 and 𝜕𝑈

𝜕𝑄𝑗 (!!!!,!!!!)
 such that 𝑖 ≠ 𝑗. 

  We now relax the single path assumption for each user, in which case we should consider 

the case that a user m has non-zero values for both 𝑃! and 𝑄!. With both 𝑃!∗ > 0 and 

𝑄!∗ > 0, user m has 𝜇! = 𝜈! = 0, and thus, 

𝜕𝑈

𝜕𝑃𝑚 (!!!!!∗ ,!!!!!∗ )
= 𝜕𝑈

𝜕𝑄𝑚 (!!!!!∗ ,!!!!!∗ )
= Λ,                    (11) 

where the marginal returns of U at 𝑃!∗  and 𝑄!∗  respectively are equal. From the assumption 

of a jointly concave function U with respect to 𝑃! and 𝑄!, user m should have 

𝜕𝑈

𝜕𝑃𝑚 (!!!!,!!!!)
> 𝜕𝑈

𝜕𝑃𝑚 (!!!!!∗ ,!!!!!∗ )
= Λ,                     (12) 

and 

𝜕𝑈

𝜕𝑄𝑚 (!!!!,!!!!)
> 𝜕𝑈

𝜕𝑄𝑚 (!!!!!∗ ,!!!!!∗ )
= Λ,                     (13) 

Author chooses the K highest values of 𝜕𝑈

𝜕𝑃𝑖 (!!!!,!!!!)
 and 𝜕𝑈

𝜕𝑄𝑗 (!!!!,!!!!)
, but without any 

restriction to 𝑖 and 𝑗. To summarize, author sees that the marginal return at zero power can 

be used for a metric to allocate power and decide the path for data to be sent over. The next 

question is how to model the utility of power 𝑃! and 𝑄!. Particularly, it will be very critical 

how to model the transmission to gateway/feeder antenna using 𝑄!. It is assumed that data 

rate achieved by 𝑃! as Shannon capacity 𝐶!, i.e., 

𝐶! =𝑊 log(1+
𝛼!!𝐻!𝑃!
𝑊𝑁!

) 
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 where 𝛼!!(≤ 1) is signal power attenuation on account of the weather effects that only 

change quasi-statically over the link to the ith user, W is the bandwidth used, and N0 is the 

additive white Gaussian noise power density. The Hi value represents the power loss suffered 

by deploying zero-forcing transmission strategy, and it is given by a function of the beam-

width and the distance between active users. It is assumed that inter-beam interference occurs 

when active users are located within one spotbeam width, which is defined as the mainlobe 

width !"
!

 of the narrowest spotbeam achievable by using the carrier of wavelength 𝜆, the 

antenna of diameter D and the satellite located at the altitude of L. Modeling of data rates to 

gateways/feeder antennas with respect to 𝑄! is not so straightforward. There are a few 

factors to be considered. The first is whether the modulator can be shared between two signal 

paths for one user. In other words, the same signal can be sent via both paths to the user 

directly and the gateway/feeder antenna. The second is whether signals for multiple users can 

be aggregated to one big packet and how the packet is transmitted, if aggregation is possible. 

Since gateways/feeder antenna usually have more antennas with bigger size than user 

terminals, they can take advantage of better link budget and transmission strategies, such as 

larger signal constellation size and bigger scale of multi-input multi-output(MIMO) antennas. 

Thus, we assume that the same modulated signal for one user cannot be shared between two 

paths. If one user receives her/his signal via both paths, it is assumed that a different 

modulator should be used for each signal path. Further we assume that multiple signals, if 

any, will be sent via MIMO channels, which is modeled as parallel pipelines by the singular 

value decomposition (SVD) method, for example. We represent the data rate of aggregated 

signals to the gateway/feeder antenna as a sum of Shannon capacities: 

𝐶! = 𝐺! = 𝑊 log(1+ !!!!!!!
!!!

)!
!

!
! , 
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 where 𝐺! =𝑊 log(1+ !!!!!!!
!!!

) is the gateway/feeder antenna capacity allocated to user 𝑖, 

𝛼!!(≤ 1) is signal power attenuation over the link to the gateway/feeder antenna, and 𝐻! 

represents the power loss incurred for the gateway/feeder antenna by deploying zero-forcing 

transmission strategy. This study is interested in scheduling algorithm for efficiently high 

increase throughput. Established scheduling algorithm of [1] is derived. That has to select the 

pairs of user and path as follow: 

∗ 𝑏𝑒𝑡𝑡𝑒𝑟  𝑐ℎ𝑎𝑛𝑛𝑒𝑙  𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠  𝑤𝑖𝑡ℎ  ℎ𝑖𝑔ℎ𝑒𝑟  𝛼!!  𝑜𝑟  𝛼!!, 

∗ 𝑙𝑒𝑠𝑠  𝑖𝑛𝑡𝑒𝑟𝑓𝑒𝑟𝑒𝑛𝑐𝑒  𝑤𝑖𝑡ℎ  ℎ𝑖𝑔ℎ𝑒𝑟  𝐻!   𝑜𝑟  𝐻!,𝑎𝑛𝑑 

∗ ℎ𝑖𝑔ℎ𝑒𝑟  𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙  𝑟𝑒𝑡𝑢𝑟𝑛𝑠  𝑜𝑓  𝑡ℎ𝑒  𝑢𝑡𝑖𝑙𝑖𝑡𝑦  𝑎𝑡  𝑧𝑒𝑟𝑜  𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦  𝑤𝑖𝑡ℎ  ℎ𝑖𝑔ℎ𝑒𝑟 

  !"
!!!

(Ci=0) or !"
!!!

(Cg=0). 

The selection of signal paths changes the values 𝐻!   𝑜𝑟  𝐻! of the paths, and then the changes 

of the interference values can impact the selection of signal paths. Implementing the results 

as derived is quite complicated. Instead, we develop a sub-optimum but computationally 

efficient algorithm, which will be compared to the one with no gateway/feeder antenna 

support[16]. Among 2M pairs of user and path combinations, the scheduler selects the best K 

pairs by the following rule: 

1. With every 𝐻! = 𝐻! = 1 for initial values, select a pair of user and path with the biggest 

value of 𝛼!! ∙
!"
!!! !!!!

  𝑜𝑟  𝛼!! ∙
!"
!!! !!!!

 and update 𝐻!   𝑎𝑛𝑑  𝐻!, such that the remaining pairs 

will not interfere with the selected pair. 

2. For the remaining pairs with the values of 𝐻!   𝑎𝑛𝑑  𝐻! updated, select the biggest value of 

𝛼!!𝐻! ∙
!"
!!! !!!!

  𝑜𝑟  𝛼!!𝐻! ∙
!"
!!! !!!!

 if the user/gateway satisfies 𝑙 > 𝑙∗ , where 𝑙  is the 

minimum distance between the user/gateway of the biggest value of 

𝛼!!𝐻! ∙
!"
!!! !!!!

  𝑜𝑟  𝛼!!𝐻! ∙
!"
!!! !!!!

 and other active users/gateway already selected, and 𝑙∗ 

is the distance threshold below which interference suppression cannot prevent significant 
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power loss due to proximity between active users/gateway. Update interference level 
𝐻!   𝑎𝑛𝑑  𝐻! for the remaining pairs. If 𝑙 ≤ 𝑙∗, reject the pair and repeat Step2. 

3. Repeat Step 2 until either 

 i) selecting K pairs or 

 ii) scanning all 2M pairs (even if less than K pairs are only served). 

 We note that the number of paths to a gateway/feeder antenna, denoted as 𝑁! is limited to 

the order of MIMO antenna deployed. We can generalize this to the case of multiple 

gateways, by considering (𝑁! + 1)𝑀 pairs of paths and users, where 𝑁! is the number of 

gateways deployed and each signal is assumed to be able to be routed to any gateway. For the 

simulation, We consider M=25 users/gateway on the 5 by 5 planar grid and the maximum 

number of active beams is K=20. The gateway/feeder antenna is located at one point of the 

grid. All the 25 users/gateway are assumed in the moderately rainy channel condition of the 

Ka band. Rain attenuation of each user/gateway is modeled as an independent and identically 

distributed (i.i.d) lognormally Gaussian random process with mean of 7.1205 dB and 

standard deviation of 1.8629 dB[7]. The number of the MIMO path of the gateway is 

assumed to be 𝑁!=8. The total power to noise ratio of !!"!#$
!"!

 is chosen to be 15 dB. We 

change the distance between adjacent users/gateway from 0.1 !"
!
  𝑡𝑜  1 !"

!
, i.e., the area of the 

total planar grid from 0.16(!"
!
)!  𝑡𝑜  16(!"

!
)!. As the distance decreased, we can simulate the 

situation where more and more users are crowded in a small area and the impact of inter-

beam interference can be served. Simulations are iterated 10,000 times and averaged per 

distance and 𝑙∗. The result is compared with that of the case when there is no gateway/feeder 

antenna but another user in the same location. The utility U into consideration is a sum 

capacity of 𝑈 = 𝐶! + 𝐶! = (𝐶! + 𝐶!)!
!!!

!
!!! . The use of gateway/feeder antenna gives 

extra sum capacity, compared with the case without it. 
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2.1 The scenario for the strongest weather attenuation value for ground 

relay station 

        Let this scenario think for good throughput result. In case of [1] scheduling 

algorithm, we raised a question that a ground station what has a user No.1 cannot guarantee 

either channel state would be the best or not. We assume that ground station must have the 

best quality channel state in the 25 users. In this situation, the result shows that how much 

maximize the throughput compared to the result of [1]. We assume that ground station setups 

on the place where is always clear weather such as desert. It means that the channel state of 

fixed ground station located user No.1 is always guaranteed by good weather. Through this 

simulation result of the first scenario, we can compare the throughputs between in case of the 

channel state as random weather and in case of the channel state as good weather. As we told 

before, satellite communication is used for long geographical distances. If a satellite uses for 

communication, that also has a considered problem such as power resource allocation 

efficiently. On a satellite’s point of view, it is important to power allocation due to limited 

resources. Ground station is for signal path diversity of satellite beam allocation. (Figure 7.) 
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<Figure 7. Ground station is installed on the good weather place.> 

 

 In the case of this scenario simulation, we attempt to do the method what exchanges the 

value of weather attenuation to another user. We make log-normal random distributed values 

of 25 users as weather attenuation. When ground station has the highest value of all of users, 

it is important to maintain distribution. That is the reason why user No.1 value would 

exchange to another user who has the best value of weather attenuation in the 25 users. 

(Figure 8.) 
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<Figure 8. Ground station must have the best channel condition as exchanging> 

 

 As following this method, we expect how much weather effect influence increasing whole 

throughput. The result of established scheduling algorithm of [1] is compared with this result 

of this scenario. The simulation result of the scenario 1 shows the results as 2.5bits/sec/Hz in 

‘with ground’ case compared to simulation results of [1]. It means that role of ground station 

is very important to power allocation and weather effect (rain attenuation) exercises a far-

reaching factor for throughput of users. (Figure 9.) We can decide the upper boundary of the 

maximize throughput through this simulation result of this scenario. We believe that this 

simulation showed the meaningful result in that regard. 
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<Figure 9. Compare simulation results between established with maximum value of ground 

station> 
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2.2 The case of the ground station candidates 

        In the case of [1]’s scheduling algorithm, the ground station is located on user No.1. 

Let us assume the scenario that rescuers attempt to install mobile relay equipment such as a 

van which relay antenna is on board for bad channel state users. M=25 users/gateway on the 

5 by 5 planar grid and the maximum number of active beams in K=20 at the same with [1]. 

When relay equipment always installs user No.1 position, it cannot guarantee user No.1 

channel state would be better because 25 users channel state value, exactly reflected whether 

attenuation, is occurred random numbers as log-normal distribution. In the planar grid, we 

can assume that almost buildings and equipment for communication is destroyed as natural 

disaster. In that case, it is very hard to setup moving mobile relay van into the area. Following 

that reason, we can restrict the place where mobile relay system attempt to install. In the next, 

we have to find the optimum point to have better throughput. (Figure 10.) 

 
<Figure 10. Selecting better one of 4 ground station candidates> 

 We assume that there are 4 candidates to install the ground relay equipment, and we choose 
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one of 4 ground station candidates to have better channel state quality. Candidates are located 

at number 1, 2, 6, and 7. We do not choose any ground station when ground station 

candidates have bad channel conditions.(Figure 8.) 

 As is To be 
Users 25 25 
Beams 20 20 

Ground station 1 4(Candidates) 
 

 
<Figure 11. The location for ground stations candidates> 

 

 This simulation repeats 10,000 times, and calculates average throughput value. The 

simulation result of this scenario shows better performance maximum 1.3bits/sec/Hz than 

using one fixed ground in case of ‘with ground’, because the probability that channel 

condition of ground station could be better is increased. This result means that we can have 

better throughput depending on position installed relay equipment. (Figure 12.) 
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<Figure 12. Compared established with candidates simulation results> 
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2.3 Expansion number of users for user diversity 

        In the case of the first scenario, we showed the result when the fixed ground station 

has the best value of channel condition as weather attenuation. Using the ground station, 

users can choose one of two signals both a signal from the satellite directly and a signal via 

the ground station as relay operation. It is signal path diversity. Through the result of the first 

scenario, we could decide upper limited maximum throughput. Let us think that we would 

have another benefit such as diversity. In the case of expansion number of users, we can look 

forward to increase the throughput as user diversity. When the satellite attempts to choose 

better channel state users of los of users, the satellite can increase the throughput selecting 

users who have good channel states. In the previous case, we defined the number of user 

equal to 25. For giving chances selecting users to the satellite, we expand 4times of users, but 

same allocated beams. All of conditions for this simulation are same as previous except the 

number of users who want to connect the network. (Figure.13) 

 

<Figure.13 The simulation result of user diversity> 
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  The result shows that user diversity makes higher throughput than before. Through this 

result, we can compare the results between signal path diversity and user diversity. Let us 

focus on the result of user diversity. Two graphs show the results in case of ‘without Gate’ 

and ‘with Gate’. The case of ‘With Gate’ has maximum 0.6bits/sec/Hz and minimum 0.13 

bits/sec/Hz higher than the case of ‘Without Gate’. It means that user diversity can increase 

the throughput as much as signal path diversity. When the satellite can have choices, it is 

possible to allocate limited power to increase the throughput. In other hands, it causes another 

problem. This simulation focuses only for increasing throughput. Fairness is also important 

factor during communication but, in this paper, we don’t care about fairness. That is a reason 

why we focus on the throughput using limited power the satellite has. This result shows one 

extremely situation when the satellite selects users who have good channel states.  
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2.4 Expansion number of users, ground stations and beams 

        We expand the number of users, ground stations and beams. 4 ground stations are 

located at number 10, 21, 60, and 71. The number of users increases to 100 from 25. (Figure 

14.) 

 As is To be 
Users 25 100 
Beams 20 80 

Ground station 1 4 
 

 
<Figure 14. Expansion the number of ground stations and users> 

 The simulation result of the scenario shows increased results as 2.2bits/sec/Hz in ‘with 

ground’ case and as 1bits/sec/Hz in ‘without ground station’ compared to simulation results 

of [1], because there are more chances to have good channel conditions in case of scenario 2. 

(Figure 15.) 
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<Figure 15. Compare Established with expanded users and gates> 
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Ⅲ . Conclusion 

        This paper is about how to increase efficiency of limited power resources satellites 

have. Satellites are very useful equipment for novel communication systems. A satellite also 

has advantages and disadvantages, but it is helpful in the case of emergency. When it suffers 

disasters such as earthquake, tsunami, etc. in the center of city where infrastructures were 

built, base stations and relay equipment will be destroyed and could be useless. In these 

situations, satellite communication as emergency communication system could save lots of 

victims who need somebody’s helps. In addition, rescuers can connect each other to save 

victims from disaster situations. The survival rate of victims may be increased high. Power 

resource of a satellite is limited. That is a reason why we consider how to allocate resources 

and do scheduling to achieve maximum throughput. It can be possible to connect directly 

between a satellite and a user. However; the channel environment could be better or worse 

when a satellite and a user attempt to communicate together. To increase efficiency of power 

resource, a ground station is greatly choice in the destroyed area. Ground station can work as 

relay system for victims or rescuers who have low communication channel qualities. It makes 

them have signal path diversity to increase throughput. This paper compared and evaluated 

results of each situation which scenario has maximum throughput. In the first scenario, the 

position of ground station is fixed. In that case, we cannot guarantee that the channel 

condition of ground station would be better than others. We simulated and compared the 

result when 4 ground station candidates are considered. When one of 4 ground station 

candidates what has better weather attenuation is selected, the throughput is increased more 

than established simulation of [1]. Through this scenario, we showed that it is important for 

relay equipment where to be located. It depends on conditions of weather. In the second 
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scenario, we expanded the number 10, 21, 60, and 71. The number of users also increased to 

100 from 25. In the case of this simulation of the second scenario, we can have better 

throughput than established simulation. This case could have user diversity in the simulation 

of the expanded the number of users and beams. When allocated beams of the satellite 

attempt to user directly, the satellite can increase width of selection. It means that throughput 

would be increased as selecting better channel state users than before condition. In the third 

scenario simulation, we showed how much weather effect influence increasing whole 

throughput. When ground station equipment is installed to relay signals for worse channel 

states users, weather condition has to be considered to increase throughput in conclusion. In 

emergency situation such as earthquake, tsunami, etc., relay signals of ground station would 

help rescuers to connect each other. When rescuers attempt to set a temporary ground station 

up, they have to consider weather condition to increase throughput. 
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IV. Future work 

        In the future, the channel condition between satellite and terrestrial has to be 

modeled more realistically, such as combination log-normal distribution for rain attenuation 

of the weather effect with Rayleigh distribution for multipath effects. We are studying how to 

combine attenuations caused by weather and multipath on Ka band[3]. We should obtain 

more suitable results using proper satellite communication channel distribution. We study 

some scenarios for different relay environments, but same power allocation method. In the 

scenarios, scheduling algorithm is changed to compare the results. These results are focus on 

the methods how we increase the throughput. It means we did not consider how many times 

all of users can have chances to connect the network equally. Limited power of the satellite 

has to choose one of options, such as maximum capacity, fairness. We simulated only for 

maximum throughput, not fairness. It means that poor channel condition users as weather 

attenuation maybe not have chance to connect to the network for a long time. They would be 

another victims denied freedom to connect to networks when satellite communication system 

uses in general. That is the reason why we need to consider fairness of all users even when 

some of them have worse channel condition. The power allocation method of ground station 

also has to be reconsidered. When ground stations attempt to relay signals, power allocation 

only depends on the channel state between a satellite and a ground station. For the realistic 

approach, the channel quality between the relay ground station and end user has to be 

considered. Following the paper of [15], it provides a tutorial survey on channel models for 

mobile to mobile(M2M) cooperative communication systems. For M2M communication in 

the near future, lots of channel modeling between machine and machine communication have 

been studying. Fading channel types are derived such as Double Rayleigh, Double 

Nakagami-m, Double Rice, SLDS, LNSS, SLSS, MLSS, Cascaded Rayleigh, Cascaded 
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Nakagami-m. When we assume the situation that rescuers work for saving victims in the 

destroyed area, many channel models for machine to machine communication would be 

considerable in the case of power allocation between relay anchor node and end users. In the 

paper of [14], the signal combining technique is effective against fading and multipath effects 

to improve the quality of received signals. Mobile terminals can receiver either a signal from 

a broadcasting satellite directly or a signal from a terrestrial repeater indirectly. The purpose 

of this paper is to find out whether there is an improvement to be obtained by combining the 

signals from satellite and from terrestrial repeater. Two scenarios are discussed in the 

reference of [14]. The first scenario is that the signal from the satellite to the mobile terminal 

uses a different frequency from the signal from the repeater. The second scenario is that the 

signal from the satellite to the mobile terminal uses the same frequency as that from the 

repeater. This result showed method what author provides and studies to improve the 

performance of DVB-SH mobile terminals. In the future, the considerable method such as 

opportunistic round robin is to be alternative for fairness of connecting networks. Through 

this reference of [14], combining a signal from satellite directly and a signal from relay 

ground station would be a considerable problem.     
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요 약 문 

 

환경이 다른 릴레리 시나리오에서 다중빔 인공위성의 전력 할당 및  

사용자 스케줄링 

 

본 논문에서는 다양한 환경에서 다중빔 인공위성의 전력 할당 및 사용자 스케쥴링에 관한 시뮬레
이션 결과를 기존의 결과와 비교한다. 제한적인 전력을 사용하는 인공위성이 다이렉트로 최종 사
용자들에게 신호를 전송한다. 날씨영향을 고려하여 채널상태가 나쁜 최종 사용자들에게 릴레이를 
해줄 그라운드 스테이션을 이용하여 경로 이득을 얻을 수 있으면 총 처리량은 증가한다는 기존의 
결과에서, 고정된 그라운드 스테이션의 날씨 역시 변동이 있으므로 릴레이 채널이 항상 좋다는 
보장을 할 수 없다. 한정된 전력자원을 이용하여 최대한의 처리량을 얻기 위한 다양한 시나리오
를 설정하여 결과를 비교 해본다. 첫째로 고정된 장소의 그라운드 스테이션의 채널상태는 항상 
최상의 값을 가진다고 가정 후 시뮬레이션 한다. 이 결과를 통해서 릴레이 스테이션의 상태가 최
상일때의 처리량을 통해 상한치를 결정 할 수 있다. 재난통신을 가정한다면, 릴레이 스테이션의 
장소를 위한 후보위치를 결정 할 수 있다. 한 장소에 그라운드 스테이션을 고정하지 않고, 4개의 
후보군을 지정하여 4곳에서 날씨에의한 채널상태를 확인 한 뒤 가장 좋은 1곳을 선정하여 그라운
드 스테이션으로 지정한다. 이동식 릴레이 장비를 설치한다고 가정을 한다면, 구조대 간의 통신에
서 최대한의 처리량을 얻기위해 설치 후보군 중 날씨에 의한 감쇠가 작은 곳을 선택하는 것이 현
명하다. 두번째로 최종 사용자의 수를 확장 한다. 사용자의 숫자의 확장을 통해서 좋은 채널 상태
의 사용자를 선택할 권한이 있는 인공위성은 ‘사용자 이득’ 을 얻을 수 있다. 이러한 다이버시티
를 얻었을 때, 릴레이 환경과 릴레이가 없는 환경에서의 결과값을 통해 ‘사용자 이득’ 과 ‘신호 
경로 이득’ 을 비교한다. 많은 사용자가 있을 때, 얻어지는 ‘사용자 이득’ 은 ‘신호 경로 이득’ 만
큼이나 높은 처리량을 보이지만, 채널 상태가 좋은 사용자를 선별함으로써 형평성에서는 문제가 
발생한다. 동일한 비율로 사용자, 그라운드 스테이션, 및 할당 빔 수를 확장 했을 때, 처리량은 확
장된 시뮬레이션에서 기존보다 높은 처리량을 보인다. 보다 많은 샘플들 사이에서 선택이 이루어 
지며, 릴레이로 인해 이득을 얻는 최종 사용자가 증가하여 결론적으로는 사용자 이득을 얻을 수 
있다. 각 시나리오 별 결과를 통해, 상황에 맞는 스케쥴링의 사용이 제한적인 전력을 이용하여 얻
을 수 있는 처리량에 영향을 준다는 사실을 보인다. 

 

 

 

핵심어 : 인공위성 통신, 릴레이, 날씨에 의한 감쇠 영향 
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