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1. 

APPARATUS AND METHOD FOR 
ALLOCATING RESOURCE TO MOBILE 

STATION CONNECTED TO RELAY STATION 
N BROADBAND WIRELESS 
COMMUNICATION SYSTEM 

PRIORITY 

This application claims the benefit under 35 U.S.C. S 119 
(a) of a Korean patent application filed in the Korean Intel 
lectual Property Office on Aug. 23, 2006 and assigned Serial 
No. 2006-79747, the entire disclosure of which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to abroadband wireless com 

munication system. More particularly, the present invention 
relates to an apparatus and method for frequency-selectively 
allocating a resource to a mobile station connected to a relay 
station in a broadband wireless communication system. 

2. Description of the Related Art 
In a next generation communication system, also known as 

the 4th Generation (4G) communication system, researches 
are actively in progress to provide a Quality of Service (QoS) 
with a data transfer speed of about 100 Mbps. More particu 
larly, in a Broadband Wireless Access (BWA) system, such as 
a wireless Local Area Network (LAN) system and a wireless 
Metropolitan Area Network (MAN) system, there is research 
on a communication system that Supports a high speed ser 
vice at the same time as providing mobility and ensuring QoS. 
An example of such a communication system is an Institute of 
Electrical and Electronics Engineers (IEEE) 802.16 commu 
nication system, which standard is hereby incorporated by 
reference. 
The IEEE 802.16 communication system employs an 

Orthogonal Frequency Division Multiplexing (OFDM)/Or 
thogonal Frequency Division Multiple Access (OFDMA) 
scheme so as to allow a physical channel of the wireless MAN 
system to Support a broadband network. 

FIG. 1 illustrates a frame format of a conventional IEEE 
802.16 communication system. 

Referring to FIG. 1, a frame roughly includes a downlink 
frame 110 and an uplink frame 120. 
The downlink frame 110 includes a preamble 111, a MAP 

113 and a downlink data burst 115. The preamble 111 is a 
signal for synchronizing the frame during communication, 
and is also used to estimate a channel between a Base Station 
(BS) and a Mobile Station (MS). The MAP 113 is a signal for 
broadcasting resource allocation information to a plurality of 
MSs. The downlink data burst 115 is a signal for data trans 
mitted from the BS to the MS. 
The uplink frame 120 includes uplink control information 

121 and an uplink data burst 123. The uplink control infor 
mation 121 is a signal for data in association with resource 
allocation request, channel quality and so on. The uplink data 
burst 123 is a signal for data transmitted from the MS to the 
BS. 

In the IEEE 802.16 communication system which uses the 
aforementioned frame format, an MS estimates a channel by 
using the preamble 111 received from a BS, and the BS 
receives information on the channel from the MS by using the 
uplink control information 121. Accordingly, the BS deter 
mines a preferable frequency band by using the channel infor 
mation, and thus determines a Suitable modulation and encod 
ing method. 
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2 
In order to ensure mobility of the MS and flexibility of 

implementing a wireless network in the IEEE 802.16 com 
munication system, researches on the further effective provi 
sion of services are actively conducted in a wireless environ 
ment where traffic distribution and call demands rapidly 
change. For example, a communication system is taken into 
account to cope with these demands, in which one fixed (or 
mobile) RelayStation (RS) or general mobile phones are used 
to transfer databased on a multi-hop relay scheme. 

In the broadband wireless communication system, the RS 
is used to increase coverage or improve throughput. When the 
RS is used to increase coverage, the RS receives and relays all 
signals transmitted from the BS and the MS. On the other 
hand, when the RS is used to improve throughput, the RS does 
not relay a control signal (e.g., preamble, MAP message, etc.) 
and instead relays only user data other than the control signal. 
That is, the BS and the MS transmit/receive the control signal 
such as the preamble 111 through a direct link channel and 
transmit/receive the downlink data burst 115 and the uplink 
data burst 123 via the RS. 
As such, when the RS is used to improve throughput and 

thus dose not relay the control signal, the MS transmits/ 
receives the control signal through a link between the MS and 
the BS and transmits/receives data signal through a link 
between the MS and the RS. The estimated channel informa 
tion between the MS and the BS is different from information 
on a channel for transmitting the data signal between the MS 
and the RS. Therefore, when the RS does not relay the control 
signal, there is a problem in that a preferable frequency band 
for a data signal and a suitable modulation/encoding method 
cannot be determined. 

SUMMARY OF THE INVENTION 

An aspect of the present invention is to address at least the 
above-mentioned problems and/or disadvantages and to pro 
vide at least the advantages described below. Accordingly, an 
aspect of the present invention is to provide an apparatus and 
method for frequency-selectively allocating a resource to a 
Mobile Station (MS) connected to a Relay Station (RS) in a 
broadband wireless communication system, when the RS 
does not relay a control signal. 

Another aspect of the present invention is to provide an 
apparatus and method for adaptively modulating and encod 
ing data using an MS connected to an RS in a broadband 
wireless communication system, when the RS does not relay 
a control signal. 

Another aspect of the present invention is to provide an 
apparatus and method for estimating a channel between an 
RS and an MS in a broadband wireless communication sys 
tem, when the RS does not relay a control signal. 

Another aspect of the present invention is to provide an 
apparatus and method for reducing interference imposed on 
an adjacent cell due to a pilot signal when a channel between 
an RS and an MS connected to the RS is estimated in a 
broadband wireless communication system, when the RS 
does not relay a control signal. 

Another aspect of the present invention is to provide an 
apparatus and method for controlling transmission power of a 
pilot signal when a channel between an RS and an MS con 
nected to the RS is estimated in a broadband wireless com 
munication system, when the RS does not relay a control 
signal. 

According to an aspect of the present invention, an appa 
ratus of a Base Station (BS) in a relay type wireless commu 
nication system is provided. The apparatus comprises a trans 
mitter for transmitting a pilot signal transmission request 
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message to an MS and a scheduler for frequency-selectively 
allocating a resource to the MS by using channel information 
upon receiving from an RS the channel information estimated 
using the pilot signal. 

According to another aspect of the present invention, an 5 
apparatus of an MS in a relay type wireless communication 
system is provided. The apparatus comprises a receiver for 
receiving a pilot signal transmission request message to esti 
mate a channel between the MS and an RS, a generator for 
generating the pilot signal and a transmitter for transmitting 
the pilot signal. 

According to another aspect of the present invention, an 
apparatus of an RS in a relay type wireless communication 
system is provided. The apparatus comprises a receiver for 
receiving a pilot signal from an MS, an estimator for estimat 
ing a channel between the RS and the MS by using the pilot 
signal and a transmitter for transmitting estimated channel 
information to a BS. 

According to another aspect of the present invention, a 20 
method of operating a BS in a relay type wireless communi 
cation system is provided. The method comprises transmit 
ting a pilot signal transmission request message to an MS, 
determining whether channel information estimated using 
the pilot signal is received from an RS and allocating fre- 25 
quency-selectively a resource to the MS by using the channel 
information. 

According to another aspect of the present invention, a 
method of operating an MS in a relay type wireless commu 
nication system is provided. The method comprises determin- 30 
ing whether a pilot signal transmission request message is 
received to estimate a channel between the MS and an RS, 
generating a pilot signal and transmitting the pilot signal. 

According to another aspect of the present invention, a 
method of operating an RS in a relay type wireless commu- 35 
nication system is provided. The method comprises receiving 
a pilot signal from an MS, estimating a channel between the 
RS and the MS by using the pilot signal and transmitting 
estimated channel information to a BS. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and advantages of 
certain exemplary embodiments of the present invention will 
become more apparent from the following detailed descrip- 45 
tion when taken in conjunction with the accompanying draw 
ings in which: 

FIG. 1 illustrates a frame format of a conventional IEEE 
802.16 communication system; 

FIG. 2 is a block diagram of a Base Station (BS) in a 50 
broadband wireless communication system according to an 
exemplary embodiment of the present invention; 

FIG. 3 is a block diagram of a Mobile Station (MS) in a 
broadband wireless communication system according to an 
exemplary embodiment of the present invention; 55 

FIG. 4 is a block diagram of a Relay Station (RS) in a 
broadband wireless communication system according to an 
exemplary embodiment of the present invention; 

FIG. 5 is a flowchart illustrating a process performed by a 
BS to frequency-selectively allocate a resource to an MS 60 
connected to an RS in a broadband wireless communication 
system according to an exemplary embodiment of the present 
invention; 

FIG. 6 is a flowchart illustrating a process performed by an 
MS to estimate a channel between a BS and the MS in a 65 
broadband wireless communication system according to an 
exemplary embodiment of the present invention; 

4 
FIG. 7 is a flowchart illustrating a process performed by a 

BS to frequency-selectively allocate a resource to an MS 
connected to an RS in a broadband wireless communication 
system according to an exemplary embodiment of the present 
invention; 

FIG. 8 is a flowchart illustrating a process performed by an 
MS to estimate a channel between an RS and the MS in a 
broadband wireless communication system according to an 
exemplary embodiment of the present invention; 

FIG.9 is a flowchart illustrating a process performed by an 
RS to provide channel information to a BS in a broadband 
wireless communication system according to an exemplary 
embodiment of the present invention; 

FIG.10 is a diagram illustrating signal flow among a BS, an 
RS and an MS in a broadband wireless communication sys 
tem according to an exemplary embodiment of the present 
invention; and 

FIG. 11 is a diagram illustrating signal flow among a BS, an 
RS and an MS in a broadband wireless communication sys 
tem according to an exemplary embodiment of the present 
invention. 

Throughout the drawings, it should be noted that like ref 
erence numbers are used to depict the same or similar ele 
ments, features and structures. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

The following description with reference to the accompa 
nying drawings is provided to assist in a comprehensive 
understanding of exemplary embodiments of the present 
invention as defined by the claims and their equivalents. It 
includes various specific details to assist in that understanding 
but these are to be regarded as merely exemplary. Accord 
ingly, those of ordinary skill in the art will recognize that 
various changes and modifications of the embodiments 
described herein can be made without departing from the 
Scope and spirit of the invention. Also, descriptions of well 
known functions and constructions are omitted for clarity and 
conciseness. 
A technique will be described hereinafter in which a chan 

nel of a Mobile Station (MS) connected to a Relay Station 
(RS) is estimated in a broadband wireless communication 
system when the RS does not relay a control signal. Although 
the broadband wireless communication system to be 
described below is an Orthogonal Frequency Division Mul 
tiplexing (OFDM) communication system, this is for exem 
plary purpose only. Thus, the present invention may also be 
applied to a cellular-based communication system using an 
RS. 

FIG. 2 is a block diagram of a Base Station (BS) in a 
broadband wireless communication system according to an 
exemplary embodiment of the present invention. 

Referring to FIG. 2, the BS includes a pilot transmission 
power determining unit 201, a period estimator 203, a Modu 
lation and Coding Scheme (MCS) mode determining unit 
205, a scheduler 207, an encoder 209, a modulator 211, a 
resource mapper 213, an Inverse Fast Fourier Transform 
(IFFT) operator 215 and a Radio Frequency (RF) processor 
217. 
The pilot transmission power determining unit 201 deter 

mines transmission power of a pilot signal So as to reduce 
interference imposed on an adjacent cell when the pilot signal 
is transmitted. The interference caused by the pilot signal is 
reduced when the transmission power of the pilot signal is 
de-boosted in comparison with the case where it is not de 
boosted. Herein, the pilot transmission power determining 
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unit 201 operates only when the pilot transmission power of 
the MS is determined by the BS. An exemplary embodiment 
of the present invention may not be applied when the pilot 
transmission power of the MS is determined by the MS. 
Specifically, when the pilot transmission power of the MS is 
determined by the BS, signal strength information between 
the MS and the RS and signal strength information between 
the MS and the BS are fed back from the BS. Then, the pilot 
transmission power of the MS is determined using Equation 
(1). 

(1) Papilot = RSSlpLBS-MS - RSSDL, RS-MS + opilot 

In Equation (1), P., denotes pilot transmission power 
ofan MS, ReceivedSignal Strength Indicator (RSSI, ess) 
denotes a downlink signal strength between an RS and the 
MS, RSSI, as as denotes a downlink signal strength 
between a BS and the MS, and c, denotes an offset for the 
pilot transmission power. Herein, C., is a system dependent 
value. 
The period estimator 203 estimates a request period of the 

pilot signal according to channel quality variation, and gen 
erates a pilot transmission request message according to the 
estimated period. If the pilot transmission power is deter 
mined by the BS, the period estimator 203 generates a pilot 
transmission request message containing the pilot transmis 
sion power information. Otherwise, the period estimator 203 
generates a pilot transmission request message not containing 
the pilot transmission power information. For example, a 
moving speed of the MS may be measured and thus the period 
may be determined according to the moving speed. In an 
exemplary embodiment, the higher the moving speed, the 
shorter the period, and the lower the moving speed, the longer 
the period. This is because channel quality variation becomes 
significant when moving speed is high. 
The MCS mode determining unit 205 determines an 

encoding/modulation method of user data by using the pro 
vided channel information, and provides the determination 
result to the encoder 211 and the modulator 213. That is, in 
order to overcome poor channel quality, the encoding/modu 
lation method is determined according to a Signal to Noise 
Ratio (SNR) of the channel, and the determination result is 
provided to the encoder 211 and the modulator 213. 
The scheduler 207 determines a frequency band of each 

MS by using the provided channel information, and schedules 
data resource allocation for each MS by using the frequency 
band. The encoder 209 encodes the provided user data by 
using the encoding method determined by the MCS mode 
determining unit 205 at a corresponding encoding rate. The 
modulator 211 modulates the encoded user data provided 
from the encoder 211 by using the modulation method deter 
mined by the MCS mode determining unit 205. 
The resource mapper 213 maps the modulated user data 

provided from the modulator 211 to frequency and time 
resources according to the resource allocation scheduling 
information provided from the scheduler 207. The IFFT 
operator 215 performs an IFFT operation on the frequency 
domain signal provided from the resource mapper 213 and 
thus transforms it to a time domain signal. The RF processor 
217 converts a signal provided from the IFFT operator 215 to 
a carrier frequency band and transmits it through an antenna. 

FIG.3 is a block diagram of an MS in a broadband wireless 
communication system according to an exemplary embodi 
ment of the present invention. 
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6 
Referring to FIG. 3, the MS includes a pilot transmission 

power determining unit 301, a pilot generator 303, an encoder 
305, a modulator 307, a resource mapper 309, an IFFT opera 
tor 311 and an RF processor 313. 
The pilot transmission power determining unit 301 deter 

mines transmission power of a pilot signal So as to reduce 
interference imposed on an adjacent cell when the pilot signal 
is transmitted. The interference caused by the pilot signal is 
reduced when the transmission power of the pilot signal is 
de-boosted in comparison with the case where it is not de 
boosted. Herein, the pilot transmission power determining 
unit 301 operates only when the pilot transmission power is 
determined by the MS. An exemplary embodiment of the 
present invention may not be applied when the pilot signal 
transmission power is determined by the BS. More specifi 
cally, when the pilot transmission power is determined by the 
MS, signal strength information between a BS and the MS is 
obtained using a control signal, and signal strength informa 
tion between an RS and the MS is obtained using a received 
data signal. Then, the pilot transmission power of the MS is 
determined by using the aforementioned Equation (1). 
The pilot generator 303 generates a pilot signal used by the 

RS to estimate a channel between the MS and the RS upon 
receiving a pilot transmission request message from the BS. 
In this case, if the pilot transmission power is determined by 
the MS, the pilot generator 303 generates a pilot signal whose 
power has been regulated according to pilot transmission 
power information provided from the pilot transmission 
power determining unit 301. In contrast, if the pilot transmis 
sion power is determined by the BS, the pilot generator 303 
evaluates the pilot transmission power information contained 
in the pilot transmission request message received through a 
receiver (not shown), wherein the receiver includes a Fast 
Fourier Transform (FFT) operator, a demodulator and a 
decoder. The pilot generator 303 generates a pilot signal 
whose power has been regulated according to the pilot trans 
mission power information. 
The encoder 305 encodes input user data according to a 

Suitable encoding method and encoding rate. The modulator 
307 modulates the encoded user data provided form the 
encoder 305 according to a suitable modulation method. The 
resource mapper 309 maps the modulated user data provided 
from the modulator 307 to frequency and time resources 
allocated to the MS. In particular, when the pilot signal is 
transmitted according to an exemplary embodiment of the 
present invention, the resource mapper 309 maps the pilot 
signal to a sounding channel. The IFFT operator 311 per 
forms an IFFT operation on the frequency domain signal 
provided from the resource mapper 309 and thus transforms it 
to a time domain signal. The RF processor 313 converts a 
signal provided from the IFFT operator 311 to a carrier fre 
quency band and transmits it through an antenna. 

FIG. 4 is a block diagram of an RS in a broadband wireless 
communication system according to an exemplary embodi 
ment of the present invention. 

Referring to FIG. 4, the RS includes an RF processor 401, 
an FFT operator 403, a demodulator 405, a decoder 407, a 
data classifier 409, a channel estimator 411, a message gen 
erator 413, an encoder 415, a modulator 417 and an IFFT 
operator 419. 
The RF processor 401 converts a signal transmitted 

through an antenna to a baseband signal. Further, the RF 
processor 401 converts a signal provided from the IFFT 
operator 419 to a carrier frequency band signal and transmits 
the transformed signal through the antenna. The FFT operator 
403 performs an FFT operation on a time-domain signal 
provided from the RF processor 401 and thus transforms the 
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time-domain signal to a frequency-domain signal. The 
demodulator 405 demodulates data provided from the FFT 
operator 403 according to a suitable demodulation method. 
The decoder 407 decodes data provided from the demodula 
tor 405 according to a suitable decoding rate and decoding 
method. The data classifier 409 separates user data and a 
control signal from the decoded data provided from the 
decoder 407. In particular, the data classifier 409 separates a 
pilot signal and outputs it to the channel estimator 411. 
The channel estimator 411 estimates a channel between the 

RS and the MS by using the pilot signal provided from the 
data classifier 409. The message generator 413 generates a 
message by which the estimated channel information is trans 
mitted to the BS. The encoder 415 encodes the message 
provided from the message generator 413 according to a 
Suitable encoding rate and encoding method. The modulator 
417 modulates the data provided from the encoder 415 
according to a suitable modulation method. The IFFT opera 
tor 419 performs an IFFT operation on the data provided from 
the modulator 417 and thus transforms the data to a time 
domain signal. 

FIG. 5 is a flowchart illustrating a process performed by a 
BS to frequency-selectively allocate a resource to an MS 
connected to an RS in a broadband wireless communication 
system according to an exemplary embodiment of the present 
invention. The following descriptions will be explained under 
the assumption that transmission power of a pilot signal trans 
mitted from the MS is determined by the BS. 

Referring to FIG. 5, in step 501, according to channel 
quality variation with respect to the MS, the BS determines 
whether it is a time period to request the MS to transmit the 
pilot signal. For example, a moving speed of the MS may be 
measured and thus the period may be determined according to 
the moving speed. In an exemplary embodiment, the higher 
the moving speed, the shorter the period, and the lower the 
moving speed, the longer the period. This is because channel 
quality variation becomes significant when the moving speed 
is high. 

If it is the pilot signal transmission request time period, in 
step 503 the BS receives from the MS information on down 
link signal strength between the RS and the MS 
(RSSI, ess) and information on downlink signal strength 
between the BS and the MS (RSSI, ass). That is, the BS 
requests the MS to transmit the RSSI, ess and the 
RSSIs as and thus receives the RSSIors as and the 
RSSI, as as from the MS. 

In step 505, the BS determines pilot transmission power of 
the MS. For the case where the pilot transmission power has 
not been de-boosted, the BS de-boosts the pilot transmission 
power to reduce the interference imposed on an adjacent cell 
caused by the pilot signal. In other words, by using the 
RSSIs as and the RSSI, as as the BS determines the 
pilot transmission power of the MS according to Equation (1) 
above. 

After determining the pilot transmission power, in step 507 
the BS requests the MS to transmit the pilot signal. That is, the 
BS transmits a pilot signal transmission request message 
including information on the determined pilot transmission 
power. 

In step 509, the BS determines whether channel informa 
tion between the MS and the RS is received from the RS. 
Upon receiving the channel information, in step 511, the 

BS frequency-selectively allocates a resource to the MS by 
using the received channel information, and then determines 
a suitable modulation/encoding method for the MS. 

FIG. 6 is a flowchart illustrating a process performed by an 
MS to estimate a channel between a BS and the MS in a 
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8 
broadband wireless communication system according to an 
exemplary embodiment of the present invention. The follow 
ing descriptions will be explained under the assumption that 
transmission power of a pilot signal transmitted from the MS 
is determined by the BS. 

Referring to FIG. 6, in step 601 the MS determines whether 
a pilot signal transmission request message is received. 
Upon receiving the pilot signal transmission request mes 

sage, in step 603, the MS evaluates pilot transmission power 
information included in the message. 

In step 605, the MS generates a pilot signal whose power 
has been regulated according to the pilot transmission power, 
and transmits the generated pilot signal. Herein, the pilot 
signal is used by the RS to estimate a channel between the MS 
and the RS and is transmitted through a sounding channel. 

FIG. 7 is a flowchart illustrating a process performed by a 
BS to frequency-selectively allocate a resource to an MS 
connected to an RS in a broadband wireless communication 
system according to an exemplary embodiment of the present 
invention. The following descriptions will be explained under 
the assumption that transmission power of a pilot signal trans 
mitted from the MS is determined by the MS. 

Referring to FIG. 7, in step 701, according to channel 
quality variation with respect to the MS, the BS determines 
whether it is a time period to request the MS to transmit the 
pilot signal. For example, a moving speed of the MS may be 
measured and thus the period may be determined according to 
the moving speed. In an exemplary embodiment, the higher 
the moving speed, the shorter the period, and the lower the 
moving speed, the longer the period. This is because channel 
quality variation becomes significant when the moving speed 
is high. 

If it is the pilot signal transmission request time period, in 
step 703 the BS requests the MS to transmit the pilot signal. 

In step 705, the BS determines whether channel informa 
tion between the MS and the RS is received from the RS. 
Upon receiving the channel information, in step 707 the BS 

frequency-selectively allocates a resource to the MS by using 
the received channel information, and then determines a Suit 
able modulation/encoding method for the MS. 

FIG. 8 is a flowchart illustrating a process performed by an 
MS to estimate a channel between an RS and the MS in a 
broadband wireless communication system according to an 
exemplary embodiment of the present invention. The follow 
ing descriptions will be explained under the assumption that 
transmission power of a pilot signal transmitted from the MS 
is determined by the MS. 

Referring to FIG. 8, in step 801, the MS determines 
whether a pilot signal transmission request message is 
received. 
Upon receiving the pilot signal transmission request mes 

sage, in step 803, the MS obtains RSSI, as as and 
RSSI, ess. More specifically, the MS obtains the 
RSSI, as as from a control signal received and obtains the 
RSSI, ess from a data signal received. 

In step 805, the MS determines pilot transmission power. 
For the case where the pilot transmission power has not been 
de-boosted, the MS de-boosts the pilot transmission power to 
reduce the interference imposed on an adjacent cell caused by 
the pilot signal. In other words, by using the RSSI, ess 
and the RSSI, as as the MS determines the pilot transmis 
sion power according to Equation (1) above. 

After determining the pilot transmission power, in step 807 
the MS generates a pilot signal whose power has been regu 
lated according to the pilot transmission power, and transmits 
the generated pilot signal. Herein, the pilot signal is used by 
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the RS to estimate a channel between the MS and the RS and 
is transmitted through a sounding channel. 

FIG.9 is a flowchart illustrating a process performed by an 
RS to provide channel information to a BS in a broadband 
wireless communication system according to an exemplary 
embodiment of the present invention. 

Referring to FIG.9, in step 901 the RS determines whether 
there is a request forestimating a channel between the MS and 
the RS. Herein, the request is made by transmitting a pilot 
transmission request message to the MS. If the message can 
not be transmitted to the MS, the request may be checked by 
using an additional channel estimation request message. 
Upon receiving the channel estimation request, in step 903, 

the RS waits until a pilot signal is received from the MS. In 
this case, the RS evaluates all signals received through a 
Sounding channel. 

In step 905, the RS determines whether the pilot signal is 
received from the MS. 
Upon receiving the pilot signal, in step 907, the RS esti 

mates a channel between the RS and the MS by using the 
received pilot signal. 

In step 909, the RS transmits channel information to the 
BS. 

FIG.10 is a diagram illustrating signal flow among a BS, an 
RS and an MS in a broadband wireless communication sys 
tem according to an exemplary embodiment of the present 
invention. The following descriptions will be explained under 
the assumption that transmission power of a pilot signal trans 
mitted from the MS is determined by the BS. 

Referring to FIG. 10, according to channel quality varia 
tion with respect to an MS 1030, a BS 1010 determines 
whether it is a time period to request the MS 1030 to transmit 
the pilot signal in step 1001. For example, a moving speed of 
the MS 1030 may be measured and thus the period may be 
determined according to the moving speed. In an exemplary 
embodiment, the higher the moving speed, the shorter the 
period, and the lower the moving speed, the longer the period. 
This is because channel quality variation becomes significant 
when the moving speed is high. 

Next, the BS 1010 requests the MS 1030 to send informa 
tion on downlink signal strength of signals from an RS and the 
BS 1010 in step 1003. 
Upon receiving the request of information on downlink 

signal strength, the MS 1030 transmits to the BS 1010 the 
information on downlink signal strength of signals from the 
RS and the BS 1010 in step 1005. 
Upon receiving the information on downlink signal 

strength, the BS 1010 determines pilot transmission power of 
the MS by using Equation (1) above in step 1007. 

After determining the pilot transmission power, the BS 
1010 requests the MS 1030 to transmit a pilot signal in step 
1009. In this case, the BS 1010 also transmits information on 
the determined pilot transmission power. 

Thereafter, the BS 1010 requests an RS 1020 to estimate a 
channel in step 1011. If the RS 1020 receives a pilot signal 
transmission request message transmitted from the BS 1010 
to the MS 1030, the channel estimation request can be 
checked through the pilot signal transmission request without 
an additional process. 

Next, the MS 1030 transmits the pilot signal to the RS 1020 
in step 1013. 
Upon receiving the pilot signal, the RS 1020 estimates a 

channel between the RS 1020 and the MS 1030 by using the 
pilot signal in step 1015. 

Next, the RS 1020 transmits the estimated channel infor 
mation to the BS 1010 in step 1017. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
Upon receiving the channel information, according to the 

channel information, the BS 1010 frequency-selectively allo 
cates a resource to the MS 1030 and determines an MCS 
mode in step 1019. 

Next, the BS 1010 transmits a MAP message to the MS 
1030 in step 1021. 

After transmitting the MAP message, the BS 1010 trans 
mits user data to the MS 1030 via the RS 1020 according to 
the frequency-selectively allocated resource and the deter 
mined MCS mode in steps 1023 and 1025. 

FIG. 11 is a view for explaining signal flow among a BS, an 
RS and an MS in a broadband wireless communication sys 
tem according to an exemplary embodiment of the present 
invention. The following descriptions will be explained under 
the assumption that transmission power of a pilot signal trans 
mitted from the MS is determined by the MS. 

Referring to FIG. 11, according to channel quality varia 
tion with respect to an MS 1130, a BS 1110 determines 
whether it is a time period to request the MS 1130 to transmit 
the pilot signal in step 1101. For example, a moving speed of 
the MS 1130 may be measured and thus the period may be 
determined according to the moving speed. In an exemplary 
embodiment, the higher the moving speed, the shorter the 
period, and the lower the moving speed, the longer the period. 
This is because channel quality variation becomes significant 
when the moving speed is high. 

Next, the BS 1110 requests the MS 1130 to transmit a pilot 
signal in step 1103. 

Subsequently, the BS1110 requests an RS 1120 to estimate 
a channel in step 1105. If the RS 1120 can receive a pilot 
signal transmission request message transmitted from the BS 
1110 to the MS 1130, the channel estimation request can be 
checked through the pilot signal transmission request without 
an additional process. 
Upon receiving the pilot signal transmission request, the 

MS 1130 determines pilot transmission power by using Equa 
tion (1) above in step 1107. 

Next, the MS 1130 transmits the pilot signal to the RS 1120 
in step 1109. 
Upon receiving the pilot signal, the RS 1120 estimates a 

channel between the RS 1120 and the MS 1130 by using the 
pilot signal in step 1111. 

Next, the RS 1120 transmits the estimated channel infor 
mation to the BS 1110 in step 1113. 
Upon receiving the channel information, according to the 

channel information, the BS 1110 frequency-selectively allo 
cates a resource to the MS 1130 and determines an MCS 
mode in step 1115. 

Next, the BS 1110 transmits a MAP message to the MS 
1130 in step 1117. 

After transmitting the MAP message, the BS 1110 trans 
mits user data to the MS 1130 via the RS 1120 according to 
the frequency-selectively allocated resource and the deter 
mined MCS mode in steps 1119 and 1121. 

According to exemplary embodiments of the present 
invention, in a broadband wireless communication system 
having an RS that does not relay a control signal, a channel 
between an MS and the RS is estimated to frequency-selec 
tively allocate a resource and to determine a modulation/ 
encoding method, thereby increasing throughput. In addition, 
since transmission power of a pilot signal used in the esti 
mated channel is de-boosted for the case where the pilot 
transmission power has not been de-boosted, it is possible to 
reduce interference imposed on an adjacent cell caused by the 
pilot signal. 

While the invention has been shown and described with 
reference to a certain exemplary embodiments thereof, it will 



US 8,725,066 B2 
11 

be understood by those skilled in the art that various changes 
in form and details may be made therein without departing 
from the spirit and scope of the invention as defined by the 
appended claims and their equivalents. 
What is claimed is: 5 
1. An apparatus of a Base Station (BS) in a relay type 

wireless communication system, the apparatus comprising: 
a transmitter for transmitting a pilot signal transmission 

request message directly from the Base Station (BS) to a 
Mobile Station (MS), wherein the pilot signal transmis- 10 
Sion request message instructs the MS to transmit a pilot 
signal used by a Relay Station (RS) to estimate a channel 
between the MS and the RS; and 

a scheduler for frequency-selectively allocating a resource 
to the MS by using channel information upon receiving 
from the RS the channel information estimated using the 
pilot signal. 

2. The apparatus of claim 1, further comprising a deciding 
unit for generating the pilot signal transmission request mes 
Sage according to a time period and for outputting the gener 
ated message to the transmitter. 

3. The apparatus of claim 2, wherein the time period is 
determined according to channel quality variation of the MS. 

4. The apparatus of claim 3, wherein the channel quality 
variation of the MS is determined according to a moving 
speed of the MS. 25 

5. The apparatus of claim 1, further comprising a power 
determining unit for determining pilot transmission power of 
the MS, wherein the pilot signal transmission request mes 
Sage comprises pilot transmission power information. 

6. The apparatus of claim 5, wherein the pilot transmission 30 
power is determined by using 

15 

Papilot = RSSIDLRS-Ms - RSSIDLBS-MS + a pilot, 
35 

where P, denotes pilot transmission power, Received 
Signal Strength Indicator (RSSI, ess) denotes a 
downlink signal strength between the RS and the 
MS.RSSI, as as denotes a downlink signal strength 
between the BS and the MS, and C, denotes an offset 
for the pilot transmission power. 

7. The apparatus of claim 1, further comprising a Modula 
tion and Coding Scheme (MCS) determining unit for deter 
mining a modulation and encoding method of data to be 
transmitted to the MS by using the channel information. 45 

8. The apparatus of claim 1, wherein the transmitter com 
prises: 

an encoder for encoding a bit-stream; 
a modulator for modulating the encoded bit-stream and for 

converting it to a symbol; and 50 
an operator for generating an Orthogonal Frequency Divi 

sion Multiplexing (OFDM) symbol by performing an 
Inverse Fast Fourier Transform (IFFT) operation on the 
symbol. 

9. An apparatus of a Mobile Station (MS) in a relay type 
wireless communication system, the apparatus comprising: 

a receiver for receiving a pilot signal transmission request 
message at the MS, directly from a Base Station (BS), 
wherein the pilot signal transmission request message 
instructs the MS to transmit a pilot signal; 

a generator for generating the pilot signal that is used by a 
Relay Station(RS) to estimate a channel between the MS 
and the RS in response to the pilot signal transmission 
request message; and 

a transmitter for transmitting the pilot signal. 
10. The apparatus of claim 9, further comprising a deter- 65 

mining unit for determining pilot transmission power, 
wherein the generator generates a pilot signal whose power 
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has been regulated according to the pilot transmission power 
determined by the determining unit. 

11. The apparatus of claim 10, wherein the pilot transmis 
sion power is determined by using 

Papilot = RSSIDLRS-Ms - RSSIDL BS-MS + a pilot, 

where P, denotes pilot transmission power, Received 
Signal Strength Indicator (RSSI, ess) denotes a 
downlink signal strength between the RS and the MS, 
RSSIs is denotes a downlink signal strength 
between the BS and the MS, and C denotes an offset 
for the pilot transmission power. 

12. The apparatus of claim 11, wherein the determining 
unit obtains a downlink signal strength with respect to the RS 
by obtaining the strength of the received data signal, and 
obtains a downlink signal strength with respect to the BS by 
obtaining a strength of a received control signal. 

13. The apparatus of claim 9, wherein the message com 
prises pilot transmission power information. 

14. The apparatus of claim 13, wherein the generator gen 
erates a pilot signal whose power has been regulated accord 
ing to the pilot transmission power information included in 
the message. 

15. The apparatus of claim 9, wherein the pilot signal is 
transmitted through a sounding channel. 

16. The apparatus of claim 9, wherein the transmitter com 
prises: 

an encoder for encoding a bit-stream; 
a modulator for modulating the encoded bit-stream and for 

converting it to a symbol; and 
an operator for generating an Orthogonal Frequency Divi 

sion Multiplexing (OFDM) symbol by performing an 
Inverse Fast Fourier Transform (IFFT) operation on the 
symbol. 

17. An apparatus of a Relay Station (RS) in a relay type 
wireless communication system, the apparatus comprising: 

a receiver for receiving a pilot signal from a Mobile Station 
(MS) that is transmitted in response to a pilot signal 
transmission request message transmitted from a Base 
Station (BS) directly to the MS and instructs the MS to 
transmit the pilot signal; 

an estimator for estimating a channel between the RS and 
the MS by using the pilot signal; and 

a transmitter for transmitting estimated channel informa 
tion to the BS. 

18. The apparatus of claim 17, wherein the pilot signal is 
received through a sounding channel. 

19. The apparatus of claim 17, wherein the transmitter 
comprises: 

an encoder for encoding a bit-stream; 
a modulator for modulating the encoded bit-stream and for 

converting it to a symbol; and 
an operator for generating an Orthogonal Frequency Divi 

sion Multiplexing (OFDM) symbol by performing an 
Inverse Fast Fourier Transform (IFFT) operation on the 
symbol. 

20. A method of operating a Base Station (BS) in a relay 
type wireless communication system, the method compris 
1ng: 

transmitting a pilot signal transmission request message 
directly from the Base station (BS) to a Mobile Station 
(MS), wherein the pilot signal transmission request mes 
Sage instructs the MS to transmit a pilot signal used by a 
Relay Station (RS) to estimate a channel between the 
MS and the RS: 

determining whether channel information estimated using 
the pilot signal is received from the RS; and 
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allocating frequency-selectively a resource to the MS by 
using the channel information. 

21. The method of claim 20, wherein the transmitting of the 
pilot signal transmission request message comprises trans 
mitting the pilot signal transmission request message accord 
ing to a time period. 

22. The method of claim 21, wherein the time period is 
determined according to channel quality variation of the MS. 

23. The method of claim 22, wherein the channel quality 
variation of the MS is determined according to a moving 
speed of the MS. 

24. The method of claim 20, further comprising determin 
ing pilot transmission power of the MS, wherein the pilot 
signal transmission request message comprises pilot trans 
mission power information. 

25. The apparatus of claim 24, wherein the pilot transmis 
sion power is determined by using 

Papilot = RSSIDLRS-MS - RSSDL BS-MS + a pilot, 

where P, denotes pilot transmission power, Received 
Signal Strength Indicator (RSSIs) denotes a 
downlink signal strength between the RS and the MS, 
RSSI, as as denotes a downlink signal strength 
between the BS and the MS, and C, denotes an offset 
for the pilot transmission power. 

26. The method of claim 20, further comprising determin 
ing a modulation and encoding method of data to be trans 
mitted to the MS by using the channel information. 

27. The method of claim 20, wherein the transmitting of the 
pilot signal transmission request message comprises: 

encoding a bit-stream of the pilot signal transmission 
request message, 

modulating the encoded bit-stream and converting it to a 
symbol; and 

generating an Orthogonal Frequency Division Multiplex 
ing (OFDM) symbol by performing an Inverse Fast Fou 
rier Transform (IFFT) operation on the symbol. 

28. A method of operating a Mobil Station (MS) in a relay 
type wireless communication system, the method compris 
1ng: 

receiving a pilot signal transmission request message at the 
mobile station (MS), directly from a base station (BS), 
wherein the pilot signal transmission request message 
instructs the MS to transmit a pilot signal; 

generating the pilot signal that is used by a Relay Station 
(RS) to estimate a channel between the MS and the RS in 
response to the pilot signal transmission request mes 
Sage; and 

transmitting the pilot signal. 
29. The method of claim 28, further comprising: 
determining transmission power of the pilot signal; and 
generating the pilot signal whose power has been regulated 

according to the determined pilot transmission power. 
30. The apparatus of claim 24, wherein the pilot transmis 

sion power is determined by using 

Papilot = RSSIDLRS-MS - RSSIDLBS-MS + a pilot, 

where P, denotes pilot transmission power, Received 
Signal Strength Indicator (RSSI, ess) denotes a 
downlink signal strength between the RS and the MS, 
RSSI, assdenotes a downlink signal strength 
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14 
between the BS and the MS, and C, 
for the pilot transmission power. 

31. The method of claim30, wherein the determining of the 
transmission power of the pilot signal comprises: 

obtaining a downlink signal strength with respect to the RS 
by obtaining the strength of the received data signal; and 

obtaining a downlink signal strength with respect to the BS 
by obtaining a strength of a received control signal. 

32. The method of claim 28, wherein the message com 
prises pilot transmission power information. 

33. The method of claim 32, wherein the generating of the 
pilot signal comprises generating a pilot signal whose power 
has been regulated according to the pilot transmission power 
information included in the message. 

34. The method of claim 28, wherein the transmitting of the 
pilot signal comprises transmitting the pilot signal through a 
Sounding channel. 

35. The method of claim 28, wherein the transmitting of the 
pilot signal comprises generating an Orthogonal Frequency 
Division Multiplexing (OFDM) symbol by performing an 
Inverse Fast Fourier Transform (IFFT) operation on the sym 
bol. 

36. A method of operating a Relay Station (RS) in a relay 
type wireless communication system, the method compris 
1ng: 

receiving a pilot signal from a Mobile Station (MS) that is 
transmitted in response to a pilot signal transmission 
request message transmitted from a Base Station (BS) 
directly to the MS and instructs the MS to transmit the 
pilot signal; 

estimating a channel between the RS and the MS by using 
the pilot signal; and 

transmitting estimated channel information to the BS. 
37. The method of claim 36, wherein the receiving of the 

pilot signal comprises receiving the pilot signal through a 
Sounding channel. 

38. The method of claim 36, wherein the transmitting of the 
estimated channel information comprises: 

encoding a bit-stream of the channel information; 
modulating the encoded bit-stream and converting it to a 

symbol; and 
generating an Orthogonal Frequency Division Multiplex 

ing (OFDM) symbol by performing an Inverse Fast Fou 
rier Transform (IFFT) operation on the symbol. 

39. The apparatus of claim 1, wherein the pilot signal 
transmission request message comprises pilot transmission 
power information, and wherein the pilot transmission power 
is determined based on a ratio of a downlink signal strength 
between the RS and the MS and a downlink signal strength 
between the BS and the MS. 

40. The apparatus of claim 9, wherein the pilot signal 
transmission request message comprises pilot transmission 
power information, and wherein the pilot transmission power 
is determined based on a ratio of a downlink signal strength 
between the RS and the MS and a downlink signal strength 
between the BS and the MS. 

41. The apparatus of claim 17, wherein the pilot signal 
transmission request message comprises pilot transmission 
power information, and wherein the pilot transmission power 
is determined based on a ratio of a downlink signal strength 
between the RS and the MS and a downlink signal strength 
between the BS and the MS. 

42. The method of claim 20, wherein the pilot signal trans 
mission request message comprises pilot transmission power 
information, and wherein the pilot transmission power is 

denotes an offset 
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determined based on a ratio of a downlink signal strength 
between the RS and the MS and a downlink signal strength 
between the BS and the MS. 

43. The method of claim 28, wherein the pilot signal trans 
mission request message comprises pilot transmission power 
information, and wherein the pilot transmission power is 
determined based on a ratio of a downlink signal strength 
between the RS and the MS and a downlink signal strength 
between the BS and the MS. 

44. The method of claim 36, wherein the pilot signal trans 
mission request message comprises pilot transmission power 
information, and wherein the pilot transmission power is 
determined based on a ratio of a downlink signal strength 
between the RS and the MS and a downlink signal strength 
between the BS and the MS. 
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