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Channel Estimation Method Using Power Control
Schemes in Wireless Systems

Byounggi Kim and Sangjin Ryoo

Abstract: Green communication is a new paradigm of designing
the communication system which considers not only the processing
performance but also the energy efficiency. Power control manage-
ment is one of the approaches in green communication to reduce
the power consumption in distributed communication system. In
this paper, we propose improved power control schemes for mo-
bile satellite systems with ancillary terrestrial components (ATCs).
In order to increase system capacity and reduce the transmitting
power of the user’s equipment, we propose an efficient channel es-
timation method consisting of a modified open-loop power control
(OLPC) and closed-loop power control (CLPC). The OLPC works
well if the forward and reverse links are perfectly correlated. The
CLPC is sensitive to round-trip delay and, therefore, it is not effec-
tive in a mobile satellite system. In order to solve the above prob-
lem, we added monitoring equipment to both the OLPC and CLPC
to use information about transmitting power that has not yet been
received by the receiver over the satellite/ATC channel. Moreover,
we adapted an efficient pilot diversity of both OLPC and CLPC in
order to get a better signal to interference plus noise ratio estima-
tion of the received signal.

Index Terms: Channel estimation, power control.

I. INTRODUCTION

Wireless communication has witnessed a continuous trend to-
ward application diversification, leading to a significant growth
in usage and services. With the proliferation of nomadic de-
vices and multimedia applications, user demand is progressively
shifting from simple data-rate increase to complex and hetero-
geneous quality of service (QoS) requirements. With these de-
vices being powered, the performance requirements are coupled
with severe constraints on energy efficiency. This is becoming a
key concern. Thus, with the constant increase of power cost and
awareness of global warming, the green communication concept
has been introduced to improve an efficiency of communication
resource usage. The concept of green radio is to develop envi-
ronmental friendly, low-power and energy efficient solutions for
future wireless networks. The objective of the green radio re-
search is to deliver reduced power consumption of radio access
networks. Power control is one of the major approaches in green
communication to minimize the power consumption while the
processing performance can be maintained at the target level.
This power control can be implemented by controlling the oper-
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ation mode of the communication resources.
Future systems should be able to fulfill the stringent require-

ments for QoS, mainly in terms of throughput, power efficiency,
and error rate in green communication area. In 4G systems, the
major role of satellites will be to provide terrestrial fill-in service
and efficient multicasting/broadcasting services [1], [2]. How-
ever, it is known that it is difficult for a mobile satellite ser-
vice (MSS) to reliably serve densely populated areas, because
satellite signals are blocked by high-rise structures and/or do not
penetrate into buildings. As a result, the satellite spectrum is sig-
nificantly underutilized or unutilized in such areas. Under these
circumstances, in a groundbreaking application to the Federal
Communication Commission (FCC) in 2001, mobile satellite
ventures LP (MSV) unveiled a bold new architecture for an MSS
with an ancillary terrestrial component (ATC) providing unpar-
alleled coverage and spectral efficiency [3]. The main concept
of the hybrid MSS/ATC architecture of the MSV proposal is that
terrestrial reuse of at least some of the satellite band service link
frequencies can eliminate the above-mentioned problem [4]. As
the terrestrial fill-in services using ATC, satellite systems pro-
vide services and applications similar to those of terrestrial sys-
tems outside the terrestrial coverage area as much as possible. In
the future ubiquitous communication age, all the networks and
services may be integrated [5], implying that keeping common-
alities of technologies between networks is very important. In
this regard, it is very important to keep commonalities between
terrestrial networks. In addition, satellite systems, which have
an advantage over terrestrial services for delivery of the same
content to users spread over a wide geographic area, will ef-
fectively provide communication services, such as multimedia
broadcast/multicast service (MBMS) [6].

Up to now, MSV has actively pursued study of MSS net-
works containing a global system for mobile (GSM)-based
ATC systems compared with a code division multiple ac-
cess (CDMA)-based ATC system. However, European satellite-
universal mobile telecommunications systems (S-UMTS) along
with terrestrial-universal mobile telecommunications systems
(T-UMTS), whose standardization is underway at the European
Telecommunications Standards Institute (ETSI), has adopted a
WCDMA-based multiple access technology characterized as an
asynchronous mode between cells [7]. Power control is one of
the important issues in a CDMA system, because it has a sig-
nificant impact on both performance and capacity. In addition,
handover schemes between ATC and MSS are also a signifi-
cant problem due to potential interference. This paper examines
power control and handover using position information in land
mobile satellite communication systems containing an ATC. In
the power control of conventional land mobile satellite com-
munication systems containing an ATC [8], the power control
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Fig. 1. MSV’s hybrid system architecture.

scheme of the user’s equipment from the serving ATC is based
on a combination of terrestrial open-loop and/or closed-loop
methods, and the power control scheme of the user’s equipment
from the serving satellite is not described in detail.

However, in contrast to terrestrial communication systems,
open-loop power control (OLPC) and closed-loop power con-
trol (CLPC) of land mobile satellite systems has only marginal
benefit because of the lengthy round-trip delay (RTD) between
the mobile unit and satellite (SAT)/ATC [9], [10]. In order to
solve this problem, we consider adding monitoring equipment
to use information about the transmitting power that has not yet
experienced by the receiver over the SAT/ATC channel [11],
[12]. In the handover part of conventional land mobile satel-
lite communication systems containing an ATC, wireless com-
munications with the user’s equipment are handed over from
the ATC to the satellite if the user’s equipment transmitting
power exceeds a threshold, an aggregate user’s equipment in-
terference exceeds a limit, and the received satellite signal qual-
ity exceeds a threshold, even if the user’s equipment is able to
wirelessly communicate with the ATC. However, modified han-
dover methods can easily reduce the power of the user’s equip-
ment and increase system capacity by applying the proper maxi-
mum/minimum transmitting power to the corresponding system
coverage (satellite or ATC) owing to the positioning informa-
tion of the user’s equipment. Moreover, if the user’s equipment
is edged from the predetermined distance from the serving ATC
or the spot-beam of the satellite, the proposed algorithms per-
form an efficient handover using received diversity after receiv-
ing both spot-beams of the satellite and ATC. Based on these
technological trends and requirements, we are currently devel-
oping efficient power control and handover technologies for a
hybrid MSS/ATC system.

II. SYSTEM MODEL

Fig. 1 illustrates the MSV’s hybrid system architecture. Land
mobile satellite systems and methods are widely used in ra-
diotelephone communications. The satellite is configured to
transmit wireless communications to a plurality of users’ equip-
ment (UE), while the UE in a satellite footprint is composed
of one or more satellite spot-beams over one or more MSS

Fig. 2. Typical signal strengths received at multi-mode UE.

forward/reverse links [8]. The satellite is configured to receive
wireless communications from, for example, UE in the satel-
lite spot-beam over an MSS return link. An ATC network, com-
posed of at least one ATC, which may include an antenna, is
configured to receive wireless communications from other UE.
ATC networks can enhance cellular satellite radiotelephone sys-
tem availability, efficiency, and/or economic viability by terres-
trially reusing at least some of the frequency bands that are allo-
cated to cellular satellite radiotelephone systems.

In particular, it is known that it may be difficult for cellular
satellite radiotelephone systems to reliably serve densely popu-
lated areas, because the satellite signal may be blocked by high-
rise structures and/or may not penetrate into buildings [13]. As
a result, the satellite spectrum may be underutilized or unuti-
lized in such areas. The terrestrial reuse of at least some of a
satellite band’s frequencies can reduce or eliminate this poten-
tial problem. However, both accurate power control and efficient
handover are vital, because all CDMA signals interfere with one
another [14]. Lack of accurate power control reduces the ca-
pacity for CDMA. Moreover, power control can reduce battery
drain and increase possible talk time [15]. The major objective
of power control is to alleviate co-channel and cross-channel
interference. For example, along the UE path, typical signal
strengths from an ATC and a satellite in a multi-mode travel-
ing from the ATC service coverage area to the satellite coverage
area are shown in Fig. 2.

The ATC signal may decay more rapidly, as a function of dis-
tance away from a serving ATC, than the satellite signal owing
to the high building density of the ATC environment [8]. The de-
cay may not be monotonic owing to multi-path and shadowing
effects. The satellite signal may have a combination of Rician
fading and blockage. The UE may be configured to periodically
monitor the signal qualities of itself and the satellite, which are
potential candidates for a service handover from the ATC. In ad-
dition, the UE must perform power control if there is a serving
ATC or satellite in order to reduce transmitting power and in-
crease system capacity.

There are two types of power control: OLPC and CLPC. In
CLPC, the reverse link (from UE to SAT/ATC) channel state is
estimated by the SAT/ATC, then the base station issues a power
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control command on the forward link (from SAT/ATC to UE)
based on the estimation. In OLPC, the channel state on the for-
ward link is estimated by the UE, and this information is used
by the mobile unit as a measure of the channel state on the re-
verse link. OLPC works well if the forward and reverse links are
perfectly correlated. The CLPC is sensitive to RTD and, there-
fore, it is not effective in a land mobile satellite system. In order
to solve the above problem, we added monitoring equipment to
both the OLPC and CLPC to use information about transmitting
power that has not yet been received by the receiver over the
SAT/ATC channel. Moreover, we adapted an efficient pilot di-
versity of both OLPC and CLPC in order to get a better signal
to interference plus noise ratio (SIR) estimation of the received
signal.

III. CHANNEL ESTIMATION

SIR estimation is one of the key aspects of the OLPC and
CLPC scheme. SIR estimates are typically needed for functions
such as power control, handoff, adaptive coding, and modula-
tion. In this section, we focus on the third generation WCDMA
FDD system and study the channel estimation in order to archive
accurate energy of the desired signal [16], [17].

In wireless networks, signal fading arising from multi-path
propagation is a particularly severe channel impairment that can
be mitigated through the use of diversity, which amounts to
transmitting the same information over multiple channels that
fade independently of each other. Some popular diversity tech-
niques are time diversity and frequency diversity, where the
same information is transmitted at different time instants or in
different frequency bands. Another technique is antenna diver-
sity, in which one exploits the fact that fading is independent
between different points in space [18]. We will focus on the pi-
lot diversity technique, which is similar to time diversity.

The channel estimation using the pilot symbol structure pe-
riodically performs time-division multiplexing for data sym-
bols and pilot symbols, which are known to a transmitter and
a receiver, and transmits the multiplexed symbols. A channel
change in a data symbol period is compensated with a channel
estimation value in a pilot symbol period. The above channel es-
timation method is for estimating a channel using only the pilot
symbols of a dedicated physical control channel (DPCCH). An-
other method compensates the data symbols for channel change
by transferring pilot symbols, which are known to a transmitter
and a receiver, using predetermined pilot symbol patterns. The
above method estimates a channel using only a common pilot
channel (CPICH). A disadvantage of the conventional channel
estimation method is that it incurs more errors when a chan-
nel related to the channel estimation is under deep fading. It is,
therefore, one of the objectives of our work to provide a chan-
nel estimation method with superior performance than channel
estimation in a receiver of a terminal having conventional pilot
symbols of a CPICH or a DPCCH. To this end, our method in-
volves combining pilot symbols of a CPICH, a DPCCH, and a
secondary common control physical channel (S-CCPCH), and
estimating a channel.

Fig. 3 shows a relative timing correlation of the channel es-
timation method that combines the CPICH, DPCCH, and the

Fig. 3. A relative timing correlation of the channel estimation method
that combines the CPICH/DPCCH/S-CCPCH.

S-CCPCH for the channel estimation in accordance with this
paper. Efficient channel estimation is compared with a channel
estimation method using only the pilot symbols of the CPICH,
as well as a channel estimation method combining the pilot sym-
bols of the DPCCH and those of the CPICH.

A channel estimation using N symbols of the CPICH in one
slot after a dispreading process in a RAKE receiver is repre-
sented as follows:

x(i) = α(i) + n(i) for i = 1, 2, · · ·, N (1)

in which N and α(i) are the number of pilot symbols in one
slot of the CPICH and a channel gain to be estimated, respec-
tively, and n(i) is noise including the interference of other cells,
which assumes zero mean and σ2

n variance. Equation (2) shows
a method for estimating a channel by combining the pilot sym-
bols of the DPCCH and CPICH. A receiver of a terminal ac-
knowledges a pilot pattern for pilot symbols of the DPCCH in a
manner similar to (1).

y(j) = λ(j)α(j) +m(j) for j = 1, 2, · · ·,M (2)

in which M is the number of pilot symbols in one slot of
the DPCCH used in estimating a channel gain, and λ(j) =
(1/μ(j))1/2 refers to the power ratio of the pilot symbols of
the DPCCH and those of the CPICH. It is presumed that m(j)
is an additive white Gaussian noise (AWGN) that has zero mean
and σ2

m variance. Since it is presumed that the channel gain is
not changed during one slot of an estimation period, α(i) and
λ(i) become α and λ, respectively. Equation (3) shows a method
for estimating a channel by combining the pilot symbols of the
DPCCH, those of the CPICH, and those of the S-CCPCH.

z(k) = λ1(k)α(k) + l(k) for k = 1, 2, · · ·,K (3)
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in which K is the number of pilot symbols in one slot of the
S-CCPCH used in estimating a channel gain, and λ1(k) =
(1/μ1(k))

1/2 refers to the power ratio of the pilot symbols of
the S-CCPCH and those of the CPICH. It is presumed that l(k)
is an AWGN that has zero mean and σ2

k variance. Since it is
presumed that the channel gain is not changed during one slot
of an estimation period, α(k) and λ1(k) become α and λ1, re-
spectively. Since channelization codes used in the CPICH, the
DPCCH, and the S-CCPCH are different from each other, n(i),
m(j), and l(k) are independent of each other. It is possible to
perform the above processes, although the channels overlap at
the same time. A vector of a signal received in a rake receiver
of a terminal is as follows:

z′ = [x(1)x(2)· · ·x(N)y(1)y(2)· · ·y(M)z(1)z(2)· · ·z(K)]T

(4)
where T denotes an operator of a transpose matrix, α denotes a
channel estimation value (case 1) using the CPICH, λ denotes
a channel estimation value (case 2) combining the DPCCH and
the CPICH [19], [20], and λ1 denotes a channel estimation value
(case 3) combining the CPICH, the DPCCH, and the S-CCPCH.
A Cramer-Rao lower bound (CRLB) is used to analyze the per-
formances of the above cases to compare channel estimation
values of the above cases [21]. Then, a performance analysis is
performed, as follows, by comparing case 2 with case 3 through
the use of a Fisher information matrix. Subsequently, case 2 is
compared with case 3, as described in (5), by using the afore-
mentioned CRLB, to show that the performance of the devel-
oped method is superior to those of the other methods through
the use of the Fisher information matrix [22].
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If λ1 is known, the output CRLB is as follows [18]:
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As a result, it can be seen that the channel estimation combining
the CPICH, the DPCCH, and the S-CCPCH is superior to both
the channel estimation using only the CPICH and the channel
estimation combining the CPICH and the DPCCH.

IV. OPEN-LOOP POWER CONTROL

Conventionally, uplink and downlink power control may be
based on a combination of open- and/or closed-loop methods.
A modified OLPC and CLPC model is shown in Fig. 4. In
the OLPC, the UE estimates a transmitting power level, which
may maintain a desired signal quality and/or strength at a base
transceiver system (BTS) or base station, by monitoring its

Fig. 4. Modified OLPC and CLPC model.

Fig. 5. Block diagram of power estimation using pilot diversity.

own received quality. In other words, the mobile’s transmitting
power is determined by measuring the received signal strength
of the base station and estimating the forward link path loss. As-
suming a similar path loss for the reverse link, the mobile unit
uses this information to determine its transmitter power. In the
IS-95 system reverse link, power control is used to compensate
for the signal power fluctuation at the base station due to path
loss and shadowing, as well as small-scale fading. This tech-
nique is crucial to the system performance, due to its role in
preventing a near-far effect and in mitigating fading. The OLPC
adjusts the transmitted signal power level according to the re-
ceived forward link signal strength. Hence, it mainly compen-
sates for path loss and shadowing, while the CLPC is designed
to compensate for the small-scale fading caused by the multi-
path in the transmission on the reverse link, which is different
from that on the forward link, due to the frequency separation
of the links. As mentioned in Section III, in order to improve
the accuracy of the estimation of SIR, we proposed a method
to estimate the interference power, which will be presented as
follows.
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In Fig. 5, n, k, l, Tb, and Tc denote nth slot, kth symbol,
lth resoluble multi-path, bit duration, and chip duration, respec-
tively. In addition, SIRDPCH(n, k, l), SIRCPICH(n, k, l), and
SIRSCCPCH(n, k, l) stand for estimates of the dedicated physi-
cal channel (DPCH), CPICH, and S-CCPCH, respectively. SIR
is an important power control system parameter that has a pro-
found effect on system capacity as the desired signal and the in-
terference have the same bandwidth at the output of the digitally
matched filter, SIR. Since the interference noise is Gaussian dis-
tributed, the variance of the interference can be found from the
sum of the variances of the amplitude of the I channel and Q
channel, as follows [23]:

I = E |RI |2 + E |RQ|2 (7)

The inphase and quadrature components of the received sig-
nal, namely I and Q, corrupted by interference noise become
RI and RQ, respectively. Desired signal S is achieved by cal-
culating the summation of the Sl from the 1 to L tap RAKE
receiver.

S =

L−1∑
l=0

Sl (8)

According to Friis’ free-space propagation-path-loss formula
[24], in order to apply OLPC, the average received power at the
mobile unit would be

Pr = |E|2 /2η0 = P0[1/(4πd/λ)]
2 (9)

where P0 = PtGtGm, η0 is the intrinsic impedance of free-
space, Pt is the transmitted power, Gt is the gain of the trans-
mitting antenna, and Gm is the gain of the receiving antenna.

Path loss and shadowing effects are regarded as slow fading
in this work. To compensate for slow fading, the CDMA 2000
system has defined a standard equation for the mobile station to
perform OLPC for the air interface in [25]. The general open-
loop response of the OLPC can be approximated as follows [26]:

O(t) = −ΔPin(1− exp(−t/τ)u(t). (10)

In (10), ΔPin, τ , and O(t) are the step change in mean in-
put power, the time constant of the open-loop response, and the
output. The OLPC output response of UE serving from ATC is
close to that specified in the standards if τ is 20 ms. We assume
that the operation period of the OLPC output response of UE
serving from a geostationary earth orbit (GEO) satellite is 250
ms. In this paper, it is added to the monitoring equipment in
OLPC to use information about the transmitting power that has
not yet been received by the receiver over the SAT/ATC channel.

V. CLOSED-LOOP POWER CONTROL

CLPC is a powerful tool to mitigate near-far problems in a
direct-sequence code division multiple access (DS-CDMA) sys-
tem over Rayleigh fading channels [27]. The SAT/ATC advises
the UE of adjustments to the transmitting power level that may
have initially been set by the OLPC. This form of power con-
trol (open- and/or closed-loop) may increase the UE’s effective
isotropically radiated power (EIRP) to the maximum in order to

maintain link connectivity and/or acceptable link quality. Be-
cause of a significant difference in the RTD, there is serious per-
formance degradation of the CLPC if the power control used
for the terrestrial interface is employed as is. In order to reduce
power control error, a delay compensation mechanism was se-
lected in the ATC and satellite.

For the case of the uplink CLPC, the UE calculates the actual
amount of the transmission power control by using the two most
recently received power control commands, which are aimed to
change the loop dynamics and shorten the latency in updating
the transmission power. For the case of the downlink CLPC, the
UE may employ a prediction algorithm that estimates the fu-
ture SIR value after an RTD by observing the SIR of the CPICH
and S-CCPCH. The power control command is generated on the
basis of the predicted SIR value. The RTD of a GEO system re-
sults in significant performance degradation of the CLPC if the
3GPP standard is employed as is [28]. There are two main prob-
lems that degrade the CLPC under such a long RTD. The first
problem is instability in the internal loop dynamics, because the
power control step size specified in 3GPP is too large to keep
the loop stable under such a long loop delay. In other words, the
measurements at the UE do not reflect the results of the most
recent power updates at the satellite radio access network (S-
RAN) and ATC network. The second problem is the possibility
of a large number of SIR changes during the loop delay, result-
ing in a large power control error. As an effective solution to
the first problem, Gunnarsson proposed a delay compensation
power control scheme [11], [12], and this was reflected in the
S-UMTS standard [29]. Although this can effectively cancel the
internal RTD in the power control loop, the second problem re-
mains.

In order to solve the second problem, we proposed a pre-
diction algorithm that estimates the future SIR value after an
RTD. We now present our proposed algorithm in more detail
by focusing on the downlink CLPC scheme. We apply it to a
GEO system, and will demonstrate delay compensation perfor-
mance. The power control adjusts the SAT/ATC radio access
network (S-RAN) transmitting power in order to keep the re-
ceived downlink power SIR at a given SIR target, SIRtarget.
The UE estimates the SIR of the received downlink DPCCH
and the SIR variation of the received CPICH and S-CCPCH,
where the CPICH channel and the S-CCPCH are not power
controlled and are power controlled, respectively, then gener-
ates two-bit transmitting power control (TPC) commands ev-
ery 10 ms (per frame) [30]. The TPC commands are gener-
ated as follows. Firstly, let us define power control error of
Δε,c = SIRest − SIRtarget + Δloop delay, where Δloop delay

and SIRest denote the prediction for the amount of SIR incre-
ment/decrement of the received downlink CPICH, S-CCPCH,
and the estimated SIR of the received downlink DPCCH dur-
ing the next time interval equal to the loop delay, respectively.
Therefore, Δloop delay is added to SIRest to result in the pre-
dicted SIR value of SIRest,pred. In other words, we employed a
simple algorithm to calculate Δloop delay as follows:

Δloop delay = nΔpred (11)

where nΔpred is the increment (or decrement) of the estimated
SIR of CPICH and S-CCPCH in dB during the last frame, and n
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Table 1. Simulation environment.

Parameter Value
Carrier frequency (fc) 2,170 MHz

Power control sample interval (Td) UE serving from GEO satellite 10 ms
UE serving from ATC 6.667E - 4 ms

Frame length 10 ms

Round trip delay GEO satellite 250 ms
ATC < slot duration (≈ 6.667E - 4 ms)

Processing gain 256 (≈ 24 dB)

Transmit frame UE serving from GEO satellite 70,000 frames
UE serving from ATC 60,000 slots

Small step size 1 dB
Large step size 2 dB
Fading model Clarke’s model (Classical Doppler spectrum)

Target SIR 5 dB
Desired received power - 140 dBW (∼= - 110 dBm)

Rician K-factor UE serving from GEO satellite 5 dB
UE serving from ATC - inf

Power command error probability 0 ∼ 0.15
Interference plus noise power - 123 dBm

Interference variance 6 dB
Path loss variance 8 dB

Maximum transmitting power GEO satellite 41.8 dBW
ATC 28 dBm

Minimum transmitting power GEO satellite - 2.9 dBW
ATC - 61 dBm

Mobile speed 0 ∼ 98 km/h

is the nearest integer to (loop delay)/(frame length). A four-level
quantized power control step, Δp, is generated according to the
region of Δ, as follows:

If |Δε,c| < εT and Δε,c < 0, Δp(i) = ΔS .
If |Δε,c| < εT and Δε,c > 0, Δp(i) = −ΔS .
If |Δε,c| > εT and Δε,c < 0, Δp(i) = ΔL.
If |Δε,c| > εT and Δε,c > 0, Δp(i) = −ΔL.

In the statements above, ΔS , ΔL, and εT are a small power
control step, a large power control step, and the error threshold,
respectively. Because of the RTD in the GEO system, the S-
RAN can reflect Δp(i) at its transmission power after about 250
ms, during which time there may be a considerable change in
the SIR. We employ a simple preprocessing for Δp(i) before
it is reflected at the transmission power in order to compensate
for the RTD. The S-RAN adjusts the transmitting power of the
downlink DPCCH with an amount of DPCCH using the two
most recently received power control steps, Δp(i) and Δp(i−1),
and this can be modeled as a simple finite impulse response filter
(FIR), as follows [31]:

ΔDPCCH = Δp(i)− αΔp(i− 1)

= (1−α)Δp(i)+α(Δp(i)−Δp(i− 1)) (12)

which means that ΔDPCCH is determined not only by Δp(i)
but also by the difference between Δp(i) and Δp(i − 1) with
weighting factors of (1 − α) and α, respectively. As α in-
creases, ΔDPCCH becomes more dependent upon the term
Δp(i) − Δp(i − 1), which corresponds to an estimate for the
amount of the recent channel variation.

VI. SIMULATION RESULTS

A channel with only fast fading and a channel with path loss,
slow fading, and fast fading were simulated to examine the per-
formance of the CLPC with and without an OLPC. The simula-
tion parameters are given in Table 1. We present the simulation
results of only the proposed CLPC scheme (SCHEME-II), com-
bining the proposed OLPC and proposed CLPC (SCHEME-I),
and only the proposed OLPC (SCHEME-III) over GEO satellite

Fig. 6. Average transmitting power of UE from ATC according to mobile
speed.

Fig. 7. Average transmitting power of UE from GEO satellite according
to mobile speed.

Fig. 8. Power control error versus large power control step size.

or ATC environments, and we compare the performance of the
various conventional- OLPC and CLPC algorithms [11], [26].
For conventional schemes, we used the terrestrial CLPC scheme
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Fig. 9. Received average power of UE from ATC according to mobile
speed.

Fig. 10. Received average power of UE from GEO satellite according to
mobile speed.

in the WCDMA system [26] and Gunnarsson’s scheme in [11],
and they are denoted in the figures as SCHEME-II with a dotted
line and without SCHEME-II with a dotted line. For reference,
the part shown as the dotted line and solid line means without
pilot diversity and with pilot diversity, respectively. In our sim-
ulations, we consider a satellite system with a single beam and
ignore the inter-spot interference. We assume that the path loss
exponent is taken to be 2. For the simulations, we chose a tar-
get SIR of 5 dB. We selected a processing gain (PG) of 256. We
assumed power control begins to work after 250 ms due to prop-
agation delay.

Figs. 6 and 7 show the average transmitting power consumed
at the transmitters of specific users according to mobile speed.
It is observed that average UE transmitted power of all schemes
is dependent of mobile speed. However, we can see that users
with a combination of the modified OLPC and CLPC scheme
consume less power. It is also seen that at low vehicle speeds
(< 40 km/h), combining modified OLPC and CLPC (SCHEME-
I shown with a solid line) is very effective. This is because
SCHEME-I compensates slow fading and path loss by moni-

Fig. 11. Control error of UE serving from ATC: Standard deviation of tar-
get SIR minus received SIR with increased power control command
error probability.

Fig. 12. Control error of UE serving from GEO satellite: Standard devi-
ation of target SIR minus received SIR with increased power control
command error probability.

toring transmitting power of UE and simultaneously archives
diversity gain by using efficient channel estimation algorithms.
Assuming the same parameters for the channel and a mobile ve-
locity of 56 km/h, Fig. 8 shows the standard deviation between
the target SIR and the received SIR, according to different large
power control step sizes when a small power control step size
is fixed at 1 dB. First, for the UE served by the ATC, if a step
size is too small, it may not be efficient to compensate for the
channel fading; on the other hand, if the step size is too large,
it may overly compensate and thus introduce extra variance in
power control error. The optimal step size in this example is
about 2 dB. Second, it is known that power control errors can be
reduced by using a high, large power control step size, because a
power control error is dependent on path loss and the shadowing
effect compared with channel gain for the UE served by ATC.
Therefore, to keep commonalities between terrestrial networks,
small and large step sizes of 1 and 2 dB, respectively, were used.

Figs. 9 and 10 show the average received power consumed at
the transmitters of specific users according to mobile speed. We
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can see that the received power of users with a combination of
the modified OLPC and CLPC scheme using pilot diversity is
settled compared to the other scheme. This highlights the im-
portance of monitoring transmitting power equipment applying
for a CDMA-based system. With a RAKE receiver, the dynamic
range of the received power decreased as the monitoring equip-
ment decreased.

Figs. 11 and 12 describe control error in the case of a mobile
velocity of 56 km/s, showing the probability of power control
command error from 0 to 0.15, respectively. As seen in the sim-
ulation results, the conventional power control methods incur
many errors in the case of deep fading. On the other hand, since
the proposed power control using the S-CCPCH to the conven-
tional channel estimation methods can achieve an improved pi-
lot diversity gain by performing the channel estimation using
another channel in case the first channel does not reach a re-
quired level of a received signal, it is possible to implement an
ideal maximum ratio combination method in a RAKE receiver.
The lower power consumption will also directly lead to capacity
increase. The superior power control performance is due to the
more efficient estimation of SIR.

Assuming the same parameters for the channel and a mobile
speed of 98 km/h, performance of our system and the other sys-
tem with increased power control command error probability is
illustrated in Figs. 13 and 14. As shown in the figures, the com-
bined proposed OLPC and CLPC (SCHEME-I shown in solid
line) is also still powerful compared to other system. This al-
gorithm efficiently removes the shadowing effect and simulta-
neous slow/fast fading of the UE serving from the GEO satel-
lite. For the UE serving from ATC, the power control error of
SCHEME-I using pilot diversity is superior to the other scheme
when the normalized Doppler frequency of the UE is zero be-
cause of power estimation when using pilot diversity. However,
it is seen that at low vehicle speeds (14∼42 km/h), performance
of SCHEME-I and II which is monitoring transmitting power is
inferior to other schemes because conventional CLPC is an in-
sensitive short RTD. We note in Fig. 13 that the standard devia-
tions in the power control error of SCHEME-I with pilot diver-
sity, SCHEME-II with pilot diversity, SCHEME-I without pilot
diversity, and SCHEME-II without pilot diversity were 1.0156
dB, 1.0157 dB, 1.024 dB, and 1.023 dB, respectively, when mo-
bile speed was 70 km/h. There was a decrease in the standard
deviation of errors in SIR for the scheme with the pilot diver-
sity compared with the other scheme. We also observed that
the increase in the standard deviation due to combining mon-
itoring transmitting power and the OLPC scheme became rel-
atively smaller as the mobile speed increased from 0 km/h to
96 km/h. Figs. 13 and 14 illustrate power control error accord-
ing to mobile speed. When employing our efficient pilot diver-
sity and monitoring equipment of power control scheme, power
control shows greater stability, which is important in the sense
of the network. From Figs. 13 and 14, we observe that the stan-
dard deviation of the power control error in SIR increased as
the mobile speed increased. In Fig. 14, for SCHEME-I using pi-
lot diversity, the standard deviation of the power control error
in SIR was 1.59 dB for a mobile speed of 56 km/h, while that
in SCHEME-II using pilot diversity was approximately 1.65 dB
for a mobile speed of 56 km/h. The combining of monitoring

Fig. 13. Control error UE serving from ATC: Standard deviation of target
SIR minus received SIR according to mobile speed.

Fig. 14. Control error UE serving from GEO satellite: Standard deviation
of target SIR minus received SIR according to mobile speed.

transmitting power and OLPC scheme in SCHEME-I using pilot
diversity efficiently removed path loss and slow fading, because
if fast fading can be approximately tracked, then there is little
difficulty in coping with much slower variations in path loss and
slow fading.

Figs. 15 and 16 show the probability density function of the
received SIRs for a mobile speed of 98 km/h having a probabil-
ity of power control command error of 0. Intuitively, we turn out
that the SCHEME-I using pilot diversity has a larger improve-
ment, as confirmed in the simulation results. Fig. 17 shows the
received SIRs of the UE when it is handed over from the GEO
satellite to the ATC. As we can see, the powers of the user in the
case described in Fig. 16 with SCHEME-I using pilot diversity
converge to the target SIR of 5 dB. On the other hand, those of
the other schemes result in a higher SIR estimation error.

VII. CONCLUSION

Conventional channel estimation methods incur many errors
in the case of deep fading. In contrast, the proposed channel esti-
mation method using the S-CCPCH to the conventional methods
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Fig. 15. Histogram of received SIRs of UE serving from ATC: K = −∞
and V = 98 km/h.

Fig. 16. Histogram of received SIRs of UE serving from GEO satellite:
K = 5 dB and V = 98 km/h.

can obtain an improved pilot diversity gain by performing chan-
nel estimation using other channels when the first channel does
not reach a required level of a received signal. Thus, it is possi-
ble to implement an ideal maximum ratio combining method in
a RAKE receiver. The channel estimation method described in
this paper provides a more improved performance than channel
estimation in a receiver of a terminal having conventional pilot
symbols of a CPICH or a DPCCH by combining pilot symbols
of a CPICH, a DPCCH, and a S-CCPCH, and estimating a chan-
nel. Simulation results show that the proposed channel estima-
tion method has good performance compared to conventional
channel estimation method in a GEO satellite system utilizing
ATCs.

In this paper, we have presented satellite access technolo-
gies for a future mobile system. We suggested desirable mod-
ifications for application to the 4G system. Combining mod-
ified CLPC and OLPC with delay compensation algorithms
and monitoring equipment proved to provide a good perfor-
mance in a MSS/ATC hybrid system. In addition, to increase
the performance and to keep commonalities between terrestrial
standards, more advanced transmission technologies, including

Fig. 17. Received SIRs of UE when is handed over from the GEO satel-
lite to ATC: K = 5 dB, V = 14 km/h (up: Without pilot diversity,
bottom: With pilot diversity.)

multi-carrier transmission, interference cancelation, and highly
efficient modulation and coding should be investigated in more
detail. As a result, green (or environmentally friendly) commu-
nication systems will emerge, which offer a wide variety and
ubiquitous availability of wireless services, while overcoming
energy and spectrum scarcity.
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