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APPARATUS AND METHOD FOR LOCATION 
ESTMLATION IN A WIRELESS 
COMMUNICATION SYSTEM 

PRIORITY 

0001. This application is a divisional application of prior 
application Ser. No. 12/199.492 filed on Aug. 27, 2008, which 
claims the benefit under 35 U.S.C. S 119(a) of a Korean patent 
application filed in the Korean Intellectual Property Office on 
Sep. 3, 2007 and assigned Serial No. 10-2007-0088986, the 
entire disclosure of which is hereby incorporated by refer 
CCC. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an apparatus and 
method for estimating a location of a Mobile Station (MS) in 
a wireless communication system. More particularly, the 
present invention relates to an apparatus and method for 
reducing a location estimation error caused by a repeater. 
0004 2. Description of the Related Art 
0005. In order to support a higher transmission rate than a 
3" Generation (3G) mobile communication system and 
extend service coverage, a new 4" Generation (4G) mobile 
communication system is being developed. Many research 
institutes and enterprises of advanced countries are promot 
ing the development of technology for future 4G-standard 
ization. 
0006. A 4G mobile communication system operating in a 
high-frequency domain is limited in its service coverage 
because of a high path loss. In order to address this problem, 
a multi-hop signal forward Scheme has been investigated. A 
multi-hop technology can reduce a path loss and make a 
high-speed data communication possible by relaying data 
using a relay, and can extend service coverage by forwarding 
a signal to a Mobile Station (MS), even if the MS is far away 
from a Base Station (BS). 
0007 As such, a multi-hop relay system requires one or 
more relays for relaying data between a transmitter and a 
receiver. In a cellular system, a relay can be a separate device 
distinguished from a BS and an MS. However, an MS can 
serve as a relay for a different MS. In the multi-hop relay 
system, a communication between two nodes is implemented 
through a transmitter-relay, relay-relay, relay-receiver radio 
link and the like. 
0008 Typically, a multi-hop relay technology can be 
divided into an amplify-and-forward Scheme and a decode 
and-forward Scheme. The amplify-and-forward Scheme is a 
scheme in which a relay amplifies a Radio Frequency (RF) 
signal received from a transmitter and relay-forwards the 
amplified signal to a receiver. The amplify-and-forward relay 
may be referred to in the alternative as a “repeater.” The 
decode-and-forward Scheme is a scheme in which a relay 
demodulates and decodes a received signal, again modulates 
and encodes the signal, and relay-forwards the signal to a 
receiver. The decode-and-forward relay may be referred to in 
the alternative as a “Relay Station (RS). The description 
below is made describing an amplify-and-forward relay (i.e., 
a repeater) as an example. 
0009. Due to an increase of demand for a variety of ser 
vices, a Location Based Service (LBS) has been developed in 
various forms. The LBS is, for example, a service of estimat 
ing a location of a user who is under emergency (i.e., disaster) 
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circumstances, a service of estimating a location of a user 
(that is, an MS) and guiding the user to a restaurant and the 
like. 
0010 A Location Detection Technology (LDT) for the 
LBS has been widely known as a cell IDentifier (ID) tech 
nique, an Angle Of Arrival (AOA) technique, a Time Of 
Arrival (TOA) technique, a Time Difference Of Arrival 
(TDOA) technique, an Assisted-Global Positioning System 
(A-GPS) technique and the like. Among the LDT technolo 
gies, the A-GPS technique is the one mostly used due to it 
having the highest degree of accuracy. However, the A-GPS 
technique requires a minimum of four GPS satellites and thus, 
in a shadow area where less than four satellites are available, 
a hybrid GPS technology using TDOA or cell ID is used. That 
is, hybrid GPS can use either TDOA or cell ID according to 
requirements of a desired service or number of BSs that can 
be secured by a user and the like. 
0011. In a metropolitan area, many shadow areas can exist 
between a BS and an MS and thus, many repeaters may be 
used. When a TOA or TDOA technology is used for LBS, it 
requires a minimum of three BSS. However, when a signal 
from a BS is received by an MS through a repeater, a time 
delay of the received signal through the repeater is different 
then a time delay of the signal received directly from the BS. 
This difference in the time delay results in a location estima 
tion error. 
0012 FIG. 1 illustrates that an MS receives signals from 
three BSS in a conventional wireless communication system. 
0013 When a signal from each BS is received via a real 
path through a repeater and not a desired path, a time delay 
occurs because of the repeater. Thus, an MS cannot calculate 
an accurate propagation delay (i.e., TDOA, TOA, etc.). That 
is, because the MS calculates TDOA considering a received 
signal as directly received from a BS, a location estimation 
CO Cal OCCU. 

0014. In addition, when a signal from a BS is received by 
an MS through a plurality of repeaters, the MS cannot be 
aware if a signal is received through a repeater and thus it 
cannot accurately determined if the measured time delays 
correspond to a path though a repeater. Moreover, numerous 
repeaters are installed in a metropolitan area. These numerous 
repeaters deteriorate location estimation performance, which 
causes a problem when using a LDT. 

SUMMARY OF THE INVENTION 

0015. An aspect of the present invention is to address at 
least the above problems and/or disadvantages and to provide 
at least the advantages described below. Accordingly, an 
aspect of the present invention is to provide an apparatus and 
method for estimating a location of a Mobile Station (MS) in 
a wireless communication system using a repeater. 
0016. Another aspect of the present invention is to provide 
an apparatus and method for reducing an error in estimating a 
location of an MS in a wireless communication system using 
a repeater. 
0017. A further aspect of the present invention is to pro 
vide an apparatus and method for distinguishing signals of 
repeaters in an MS of a wireless communication system using 
a repeater. 
0018 Still another aspect of the present invention is to 
provide an apparatus and method for reducing a Time Differ 
ence Of Arrival (TDOA) or Time Of Arrival (TOA) measure 
ment error in a wireless communication system using a 
repeater. 
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0019. Yet another aspect of the present invention is to 
provide an apparatus and method for calculating TDOA 
based on a repeaterina wireless communication system using 
a repeater. 
0020. The above aspects are addressed by providing an 
apparatus and method for location estimation in a wireless 
communication system. 
0021. According to one aspect of the present invention, a 
method of operating a Mobile Station (MS) in a wireless 
communication system is provided. The method includes 
identifying if a received at least one signal passed through at 
least one repeater, when the received at least one signal is 
identified as having passed though at least one repeater, mea 
Suring a Base Station (BS) basis delay time and calculating a 
repeater basis delay time using the measured BS basis delay 
time, and estimating a location of the MS using the repeater 
basis delay time. 
0022. When signals are simultaneously received from a 
BS and a repeater, the calculating may include measuring 
TDOA between the received two signals, and subtracting the 
measured TDOA value from a previously known delay value 
between the BS and the repeater to calculate a repeater basis 
TDOA. 

0023. When signals are simultaneously received from a 
BS and a repeater, the calculating may include measuring 
TOA for each of the received two signals, and subtracting a 
previously known delay value between the BS and the 
repeater from the measured TOA value for a repeater path to 
calculate a repeater basis TOA. 
0024. When a signal is received that was serially passed 
through a plurality of repeaters, the calculating may include 
measuring a delay between a BS and an MS, and Subtracting 
a previously known delay value between a repeater closest to 
the MS and the BS from the measured delay value to calculate 
a closest-repeater basis TOA. 
0025. According to another aspect of the present inven 

tion, a Mobile Station (MS) apparatus in a wireless commu 
nication system is provided. The apparatus includes a 
receiver, a Fast Fourier Transform (FFT) processor, a repeater 
identification unit, and a calculator. The receiver converts a 
received at least one signal into sample data. The FFT pro 
cessor processes the sample data by FFT and generates fre 
quency-domain data. The repeater identification unit deter 
mines Subcarrier values of a specific band among the 
frequency-domain data and identifies if there is at least one 
repeater pass signal. The calculator measures a Base Station 
(BS) basis delay time using the sample data and, when the 
repeater pass signal is identified, calculates at least one 
repeater basis delay time using the measured BS basis delay 
time. 

0026. Other aspects, advantages, and salient features of 
the invention will become apparent to those skilled in the art 
from the following detailed description, which, taken in con 
junction with the annexed drawings, discloses exemplary 
embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. The above and other aspects, features and advan 
tages of certain exemplary embodiments of the present inven 
tion will be more apparent from the following description 
taken in conjunction with the accompanying drawings, in 
which: 
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0028 FIG. 1 is a diagram illustrating that a Mobile Station 
(MS) receives signals from three Base Stations (BSs) in a 
conventional wireless communication system; 
0029 FIG. 2 is a diagram illustrating a structure of an 
Orthogonal Frequency Division Multiplexing (OFDM) sym 
bol having a frequency band for a repeater IDentifier (ID) 
according to an exemplary embodiment of the present inven 
tion; 
0030 FIG. 3 is a diagram illustrating an example of cell 
planning for Location Based Service (LBS) ID allocation 
according to an exemplary embodiment of the present inven 
tion; 
0031 FIG. 4 is a diagram illustrating that an MS simulta 
neously receives signals from a BS and a repeater according 
to an exemplary embodiment of the present invention; 
0032 FIG. 5 is a diagram illustrating that an MS receives 
signals from one BS through two repeaters according to an 
exemplary embodiment of the present invention; 
0033 FIG. 6 is a diagram illustrating a method for location 
measurement according to an exemplary embodiment of the 
present invention; 
0034 FIG. 7 is a diagram illustrating that an MS receives 
a signal that has serially passed through a plurality of repeat 
ers from a BS according to an exemplary embodiment of the 
present invention; 
0035 FIG. 8 is a flow diagram illustrating an operational 
process of a BS according to an exemplary embodiment of the 
present invention; 
0036 FIG. 9 is a flow diagram illustrating an operational 
process of a repeater according to an exemplary embodiment 
of the present invention; 
0037 FIG. 10 is a flow diagram illustrating an operational 
process of an MS according to an exemplary embodiment of 
the present invention; 
0038 FIG. 11 is a block diagram illustrating a construc 
tion of a BS according to an exemplary embodiment of the 
present invention; 
0039 FIG. 12 is a block diagram illustrating a construc 
tion of a repeater according to an exemplary embodiment of 
the present invention; 
0040 FIG. 13 is a block diagram illustrating a construc 
tion of an MS according to an exemplary embodiment of the 
present invention; and 
0041 FIG. 14 is a diagram illustrating that signals from 
three BSs each are communicated to an MS via a different 
repeater according to an exemplary embodiment of the 
present invention. 
0042. Throughout the drawings, like reference numerals 
will be understood to refer to like parts, components and 
Structures. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0043. The following description with reference to the 
accompanying drawings is provided to assistina comprehen 
sive understanding of exemplary embodiments of the inven 
tion 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. Accordingly, 
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. In addition, descriptions of well 
known functions and constructions are omitted for clarity and 
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conciseness. Terms described below, which are defined con 
sidering functions in the exemplary embodiments of present 
invention, can be different depending on user and operator's 
intention or practice. Therefore, the terms should be defined 
on the basis of the disclosure throughout this specification. 
0044. A technology for accurately estimating a location of 
a Mobile Station (MS) in a wireless communication system 
using a repeater according to exemplary embodiments of the 
present invention is described below. More particularly, a 
scheme for reducing an estimation error caused by a repeater 
when a delay is calculated using Time Difference Of Arrival 
(TDOA), Time Of Arrival (TOA), Enhanced-Observed Time 
Difference (E-OTD) and the like according to exemplary 
embodiments of the present invention are described. The 
following description is made based on TDOA as an example. 
However, the present invention is equally applicable to any 
other Location Detection Technology (LDT). 
0045 An example of an Orthogonal Frequency Division 
Multiplexing (OFDM) based broadband wireless access 
communication system is described below as an example. 
However, the present invention is equally applicable to any 
wireless communication system using a repeater. 
0046 According to exemplary embodiments of the 
present invention, an MS should be able to distinguish if it 
receives a signal that has passed though one or more repeat 
ers. Exemplary embodiments of the present invention use part 
of a band of an OFDM symbol for a repeater IDentifier (ID). 
0047 FIG. 2 is a diagram illustrating a structure of an 
OFDM symbol having a frequency band for a repeater ID 
according to an exemplary embodiment of the present inven 
tion. The frequency band can be either a data subcarrier band 
having data mapped or an unused guard Subcarrier band. 
0048. As shown in FIG. 2, a position of each subcarrier 
within a specific frequency band serves as an identifier of a 
corresponding repeater. An MS identifies a position of a Sub 
carrier having a data bit 1 mapped after Fast Fourier Trans 
form (FFT) operation and recognizes a repeater pass signal 
depending on the position of the Subcarrier having 1 
mapped. That is, a repeater adds and transmits its own ID (that 
is, a repeater ID) when amplifying and forwarding a received 
signal from a BS (or an upper node). If there is a data bit 1 
in a corresponding Subcarrier, an MS recognizes that a signal 
has passed through a corresponding repeater. If there is no 
data bit 1, the MS recognizes that a signal has not passed 
through a repeater. Consequently, a position of a specific 
subcarrier serves as a ID of a repeater. 
0049. In FIG. 2, a signal passing through a repeater corre 
sponding to an index I has LBS ID I=1, and a signal not 
passing through the repeater has LBS ID I-0. The repeater 
index (or a repeater identifier) “I can be determined by Equa 
tion 1 below. 

I=(b-1)R+r (1) 

0050. In Equation 1, the ‘b’ (=1,..., B) denotes an LBSID 
allocated to a BS, ther (=1,..., R) denotes a number of a 
repeater belonging to the BS, the B denotes the maximum 
value of the LBS ID that can be allocated to the BS, and the 
R denotes the maximum number of repeaters that can be 
included in one cell. That is, a BS transmitting a signal and a 
repeater passing a signal can be judged from a position of a 
subcarrier with a data bit set as 1 
0051 FIG. 3 is a diagram illustrating an example of cell 
planning for LBS ID allocation according to an exemplary 
embodiment of the present invention. 
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0.052 The assumption is that B is equal to 4, neighbor 
ing BSs are allocated a different LBS ID, and a magnitude of 
a signal from a 2-tier BS is negligible. Because a specific 
frequency band is used for repeater identification, an over 
head can increase as a repeater increases in number. In order 
to reduce this overhead, repeater identifiers can be allocated 
to Subcarriers corresponding to a guard band and not a data 
band. In addition, a repeater can map its own identifier to all 
OFDM symbols consecutively or can map its own identifier at 
a preset period. 
0053 When a signal or signals are received from one or 
more repeaters, an MS calculates a propagation delay (i.e., 
TDOA) as follows. 
0054 The use of a TDOA technique can allow the use of a 
different delay estimation technique (e.g., a TOA technique). 
Thus, the following description is made aiming at the TDOA 
technique as an example. However, the present invention is 
equally applicable to any other LDT. 
1. When Simultaneously Receiving Signals from a BS and a 
Repeater 
0055 FIG. 4 is a diagram illustrating that an MS simulta 
neously receives signals from a BS and a repeater according 
to an exemplary embodiment of the present invention. In this 
case, one Subcarrier among a band for a repeater identifier has 
a data bit 1 mapped and two path signals are detected. 
0056. In FIG. 4, a path 1 defines a path directly formed 
between a BS and an MS and a path 2 defines a path through 
a repeater. “d defines a delay for the path 1, ’d defines a 
delay between the BS and the repeater, and 'd defines a 
delay between the repeater and the MS. TDOA(t) for the two 
signals received by the MS can be expressed as Equation 2 
below. 

0057. In Equation 2, t cannot be used for location mea 
surement because the two signals are based on the BS. Thus, 
so that the two signals received by the MS can have a different 
basis, Equation 2 can be modified and expressed as Equation 
3 below. 

0058. In Equation 3, T is a value measured from received 
signals. The dis a value known when a repeater is installed 
and can be received from a BS. That is, an MS receives a BS 
location, a repeater location, and a delay value (d) between 
a BS and a repeater from the BS and uses the same for location 
measurement. A processing delay of repeater is known from 
a specification of the repeater or is measurable. Thus, the 
delay between the BS and the repeater is assumed to include 
even the processing delay in an exemplary embodiment of the 
present invention. 
0059 Consequently, t' can be obtained using the t mea 
Sured from the two received signals and the previously known 
d. In addition, if a signal from one other cell (or BS) is 
secured, two TDOAS (t) are secured, thus enabling location 
estimation for the MS. The location measurement for the MS 
requires signals from two different BSs. Thus, the location 
measurement is more easily performed as compared to when 
signals from three different BSs are required. 
2. When Simultaneously Receiving Signals from a Plurality 
of Repeaters within One Cell 
0060 FIG. 5 is a diagram illustrating that an MS receives 
signals from one BS through two repeaters according to an 
exemplary embodiment of the present invention. In this case, 
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two Subcarriers among a specific band for a repeater identifier 
have data bits 1 mapped and two path signals are detected. 
0061. In FIG. 5, a path 1 defines a path through a repeater 
1 and a path 2 defines a path through a repeater 2. d defines 
a delay between a BS and the repeater 1, ’d defines a delay 
between the repeater 1 and an MS, 'd defines a delay 
between the BS and the repeater 2, and 'd defines a delay 
between the repeater 2 and the MS. 
0062 However, in FIG. 5, the MS can be aware that two 
detected signals are received through different repeaters, but 
cannot distinguish if each signal is received through any 
repeater. That is, in this case, it is impossible to perform 
location measurement using TDOA. 
0063 FIG. 6 is a diagram illustrating a method for location 
measurement according to an exemplary embodiment of the 
present invention. 
0064. In metropolitan areas, it is common for there to be 
overlapping coverage areas of two or more repeaters. A 
repeater coverage area in the metropolitan area may be less 
than a maximum coverage area, such as several hundreds 
meters (m). Thus, a radius of a repeater overlapping coverage 
area is expected to be less than several hundreds meters. 
Therefore, in place of a TDOA calculation, a middle point of 
a two-repeater overlapping coverage area may be used to 
estimate a location of the MS. If used, the MS can have an 
error of less than 100 m to 500 m, which is similar to an error 
range when performing a location measurement using 
TDOA. That is, the location of the MS can be estimated as in 
Equation 4 below. 

(Q2-x1 + (12) (C2y1 H.) (4) x, y) st (x, y) (1 + (22 (1 + (2 

0065. In Equation 4, the (x, y) represents an estimated 
coordinate (1) of the MS, and C. and C represent coverage 
radiuses of the repeater 1 and repeater 2, respectively. Here, 
repeater coverage radius information can be received from 
the BS. In general, the repeaters 1 and 2 have a similar radius 
and thus, Equation 4 can be approximated by Equation 5 
below. 

(x1 + x2) (y1 ') (5) 
2 2 

0066. When using Equation 5, a location estimation error 
(e) is given as in Equation 6 below. 

0067. In Equation 6, 1 represents a real coordinate of the 
MS. The MS can receive coordinate information on the 
middle point of the two-repeater overlapping coverage area 
from the BS. Even when considering two or more repeaters, 
Equation 4 can be extended and used. As the number of 
repeaters increases, the location estimation error (e) 
decreases because an overlapping coverage area reduces. 

3. When Receiving a Signal Serially Passing Through a Plu 
rality of Repeaters 

0068 FIG. 7 is a diagram illustrating that an MS receives 
a signal that has serially passed through a plurality of repeat 
ers from a BS according to an exemplary embodiment of the 
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present invention. This case happens more often when using 
an optical repeater rather than a Radio Frequency (RF) 
repeater. In this case, two Subcarriers among a specific band 
for a repeater identifier have data bits 1 mapped and only one 
path signal is detected. 
0069. In FIG. 7, 'd defines a delay between a BS and a 
repeater 1, ’d defines a delay between the repeater 1 and a 
repeater 2, and d defines a delay between the repeater 2 and 
an MS. The MS is not aware of a sequence of the repeaters 
passing a signal. Thus, in consideration of a sequence of 
repeaters, an exemplary embodiment of the present invention 
is able to allocate a lower-index subcarrier to a repeater closer 
to the BS and allocate a higher-index subcarrier to a repeater 
farther away from the BS. That is, the MS can be aware of the 
sequence of the repeaters passing a signal from indexes of 
subcarriers having data bits 1 mapped. Also, the MS can 
acquire connection information on the repeaters serially con 
nected from the BS together. 
0070. The MS can receive, from the BS, a location coor 
dinate of the last repeater (i.e., the repeater 2) and the delays 
(d. and d) from the BS to the last repeater and thus, can 
calculate the delay (d) between the repeater 2 and the MS as 
in Equation 7 below. 

0071. In Equation 7, 'd represents the total delay value 
measured in the MS. If the MS can receive signals of two or 
more different cells, a location of the MS can be estimated 
using TDOA. 
0072 Constructions and operations of a BS, a repeater, 
and an MS according to an exemplary embodiment of the 
present invention are described below. 
0073 FIG. 8 is a flow diagram illustrating an operational 
process of a BS according to an exemplary embodiment of the 
present invention. 
(0074) Referring to FIG. 8, in step 801, a BS generates 
information necessary for measuring a location of an MS. The 
information necessary for the location measurement can 
include location coordinates of neighboring BSs, location 
coordinates of neighboring repeaters, index information on a 
Subcarrier allocated to each repeater, delay time information 
between a BS and each repeater and the like. 
(0075. Then, in step 803, the BS transmits the information 
necessary for the location measurement to the MS. The infor 
mation necessary for the location measurement can be trans 
mitted using any one of broadcast, multicast, and unicast 
schemes. Alternatively, the information necessary for the 
location measurement can be transmitted to the MS according 
to a request of the MS or a judgment of the BS. 
0076. After transmitting the information necessary for the 
location measurement, in step 805, the BS determines if it 
receives a TDOA value from the MS. The assumption is that 
the BS receives at least one TDOA value from the MS. If an 
MS receives a signal through a repeater, the TDOA value is a 
value measured based on the repeater as described above with 
reference to FIGS. 4 to 7. When the BS receives a TDOA 
value from an MS, the BS calculates a location of the MS. If 
the MS directly calculates its own location, the BS can receive 
location information on the MS from the MS. 
(0077. If receiving a TDOA value from an MS in step 805, 
the BS calculates a location of the MS using the TDOA value 
received from the MS in step 807. A method for calculating a 
location using TDOA is a technology for forming hyperbolic 
curves according to TDOA among three nodes (three coordi 
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nates) and for estimating a coordinate of a point where the 
hyperbolic curves overlapped as a location of an MS. This 
technology is conventional and thus, further description 
thereof is omitted. Location calculation requires a minimum 
of two TDOA values. Accordingly, if one TDOA value is 
received, the BS can calculate a location of an MS together 
using other schemes (e.g., a cell ID Scheme and the like). In 
step 809, the BS transmits location information on the MS to 
the MS and then, terminates the process. 
0078 FIG. 9 is a flow diagram illustrating an operational 
process of a repeater according to an exemplary embodiment 
of the present invention. 
0079 Referring to FIG.9, in step 901, a repeater generates 
a carrier signal depending on its own identifier. That is, the 
repeater generates a carrier signal for mapping a data bit 1 to 
a position of a Subcarrier allocated to the repeater. If a signal 
is received from a BS, the repeater mixes the received signal 
with the carrier signal in step 903. Then, in step 905, the 
repeater power-amplifies the mixed signal and relay-trans 
mits the amplified signal to an MS. 
0080. As such, a repeater according to an exemplary 
embodiment of the present invention mixes a carrier signal 
corresponding to its own identifier with a received signal and 
relay-transmits the mixed signal. FIG.9 assumes a downlink 
established from a BS to an MS. Identically, even in an uplink 
established from an MS to a BS, the repeater can mix a carrier 
signal according to a repeater identifier and relay-transmit the 
mixed signal to the BS. Thereby, the BS can identify if an 
uplink signal has been received through any repeater. 
0081 FIG. 10 is a flow diagram illustrating an operational 
process of a MS according to an exemplary embodiment of 
the present invention. 
I0082 Referring to FIG. 10, in step 1001, an MS receives 
information necessary for location measurement from a BS. 
The information necessary for the location measurement can 
include location coordinates of neighboring BSS, location 
coordinates of neighboring repeaters, index information on a 
Subcarrier allocated to each repeater, delay time information 
between a BS and each repeater and the like. The information 
necessary for the location measurement can be received using 
any one of broadcast, multicast, and unicast schemes and, 
alternatively, can be provided to the MS according to a 
request of the MS or a judgment of the BS. 
I0083. In step 1003, the MS determines if there is a need for 
location measurement. The location measurement can be 
implemented according to a request of the BS or a judgment 
of the MS. If there is a need for location measurement, in step 
1005, the MS determines subcarrier values of a specific band 
after FFT operation and identifies if there is a signal received 
from a repeater. That is, the MS identifies if there is a signal 
received via the repeater. 
I0084. Then, in step 1007, the MS decides a measurement 
mode depending on the information necessary for the loca 
tion measurement and the identified existence of the repeater. 
The measurement mode can be any one of the aforementioned 
schemes discussed above with reference to FIGS. 4 to 7. For 
example, a first measurement mode defines the scheme of 
FIG. 4, a second measurement mode defines the scheme of 
FIG. 5, a third measurement mode defines the scheme of FIG. 
7, and a fourth measurement mode defines a TDOA measure 
ment scheme based on a different BS. When an MS directly 
receives a signal from a BS and simultaneously, receives a 
signal from the BS through a repeater, the MS can measure 
TDOA in the first measurement mode. 
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I0085. In step 1009, the MS measures TDOA in the decided 
measurement mode. Here, TDOA between a plurality of path 
signals is measured using OFDM symbol synchronization, 
frame synchronization (or preamble synchronization) and the 
like and, when there is a signal from a repeater, the measured 
TDOA is converted into a repeater basis TDOA according to 
the measurement mode. At this time, the MS can acquire at 
least one TDOA value. In step 1011, the MS determines if 
there is a need for a change of the measurement mode. That is, 
the MS determines if it can measure TDOA in a different 
measurement mode. When there is a need for a change of the 
measurement mode, the MS changes the measurement mode 
in step 1017 and measures TDOA in the changed measure 
ment mode in step 1019. Thereafter the process returns to step 
1011. 
I0086. When there is not a need for a change of the mea 
surement mode in step 1011, the MS calculates its own loca 
tion using the measured TDOA in step 1013. Here, the MS 
calculates the location using the minimum two TDOA values. 
When only one TDOA is measured, the MS can calculate the 
location using a cell ID technique and the like. In step 1015, 
the MStransmits its own location information to the BS. If the 
BS performs the location calculation, the MS can transmit the 
measured TDOA to the BS without calculating a location. 
I0087. The MS can measure its own location periodically 
and can either transmit a calculated location to the BS after 
every measurement or transmit a current location in response 
to a request from the BS. 
I0088 FIG. 11 is a block diagram illustrating a construc 
tion of a BS according to an exemplary embodiment of the 
present invention. 
0089. As shown in FIG. 11, a BS includes a controller 
1100, a Media Access Control (MAC) processor 1102, an 
encoder 1104, a modulator 1106, a subcarrier mapper 1108, 
an Inverse Fast Fourier Transform (IFFT) processor 1110, a 
Digital to Analog Converter (DAC) 1112, a Radio Frequency 
(RF) transmitter 1114, a duplexer 1116, an RF receiver 1118, 
an Analog to Digital Converter (ADC) 1120, an FFT proces 
sor 1122, a subcarrier demapper 1124, a demodulator 1126, 
and a decoder 1128. 
(0090 Referring to FIG. 11, the controller 1100 controls 
general operations of the BS in association with the MAC 
processor 1102. According to an exemplary embodiment of 
the present invention, the controller 1100 controls the MAC 
processor 1102 to transmit information necessary for mea 
Suring a location of an MS and calculates the location of the 
MS using TDOA information received from the MS. The 
information necessary for the location measurement can 
include location coordinates of neighboring BSs, location 
coordinates of neighboring repeaters, index information on a 
Subcarrier allocated to each repeater, delay time information 
between a BS and each repeater and the like. 
(0091 Under control of the controller 1100, the MAC pro 
cessor 1102 generates a signaling message (i.e., a location 
measurement related signaling message) or analyzes a 
received signaling message. The MAC processor 1102 
receives data from an upper layer (e.g., an Internet Protocol 
(IP) layer), constructs the received data as a data burst (i.e., a 
physical layer packet) to forward the data burst to the encoder 
1104, and reassembles a data burst received from the decoder 
1128 into a Service Data Unit (SDU) to forward the SDU to 
the upper layer. 
0092. The encoder 1104 encodes data from the MAC pro 
cessor 1102. The encoder 1104 performs encoding in Convo 
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lutional Code (CC), Turbo Code (TC), Convolutional Turbo 
Code (CTC), Low Density Parity Check (LDPC) schemes 
and the like. The modulator 1106 modulates data from the 
encoder 1104. The modulator 1106 performs modulation by 
Quadrature Phase Shift Keying (QPSK), 16-Quadrature 
Amplitude Modulation (16-QAM), 32-QAM, 64-QAM and 
the like. 
0093. The subcarrier mapper 1108 maps data from the 
modulator 1106 to a subcarrier. The subcarrier mapper 1108 
maps data to Subcarriers excepting a specific band for a 
repeater identifier. The IFFT processor 1110 process data 
from the subcarrier mapper 1108 by IFFT operation and 
outputs sample data (an OFDM symbol). The DAC 1112 
converts sample data from the IFFT processor 1110 into an 
analog signal. The RF transmitter 1114 converts a baseband 
signal from the DAC 1112 into an RF signal, and power 
amplifies and provides the RF signal to the duplexer 1116. 
0094. The duplexer 1116 passes a signal for transmission 
from the RF transmitter 1114 through an antenna in a duplex 
ing scheme and provides a received signal from the antenna to 
the RF receiver 1118. For example, in the case of a Time 
Division Duplex (TDD) scheme, the duplexer 1116 transmits 
a signal from the RF transmitter 1114 through the antenna in 
a transmission mode, and forwards a signal received through 
the antenna to the RF receiver 1118 in a reception mode. 
0095. The RF receiver 1118 converts an RF signal from 
the duplexer 1116 into a baseband signal. The ADC 1120 
converts an analog signal from the RF receiver 1118 into 
baseband sample data. The FFT processor 1122 processes 
baseband sample data from the ADC 1120 by FFT operation 
and outputs frequency-domain data. The Subcarrier demapper 
1124 arranges frequency-domain data from the FFT proces 
sor 1122 in a burst unit. 
0096. The demodulator 1126 demodulates data from the 
subcarrier demapper 1124. The decoder 1128 decodes data 
from the demodulator 1126. The decoded data is processed 
into a signaling message in the MAC processor 1128 or traffic 
is reassembled into an SDU and forwarded to the upper layer. 
0097 FIG. 12 is a block diagram illustrating a construc 
tion of a repeater according to an exemplary embodiment of 
the present invention. 
0098. As shown in FIG. 12, a repeater includes a first filter 
1200, a Low Noise Amplifier (LNA) 1202, a second filter 
1204, a mixer 1206, a Power Amplifier (PA) 1208, a repeater 
identifier generator 1210, and a carrier generator 1212. 
0099 Referring to FIG. 12, the first filter 1200 filters only 
a desired frequency band signal among one or more signals 
received through an antenna. The first filter 1200 can operate 
as a duplexer. The LNA 1202 amplifies a signal from the first 
filter 1200 while suppressing noise. The second filter 1204 
performs band pass filtering to prevent an image frequency 
from the amplified signal in the LNA 1202 from being for 
warded to the mixer 1206. 
0100. The repeater identifier generator 1210 generates an 
identifier allocated to the repeater. The carrier generator 1212 
generates a corresponding carrier signal according to a 
repeater identifier from the repeater identifier generator 1210. 
That is, the carrier generator 1212 generates a carrier signal 
for mapping a data bit 1 to a position of a Subcarrier allo 
cated to the repeater. 
0101 The mixer 1206 mixes the received signal from the 
second filter 1204 with the carrier signal from the carrier 
generator 1212. The PA 1208 power-amplifies the signal from 
the mixer 1206 and radiates the power-amplified signal 
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through the antenna. As such, a repeater according to an 
exemplary embodiment of the present invention mixes a car 
rier signal corresponding to its own identifier with a received 
signal and relay-transmits the mixed signal. 
0102 FIG. 13 is a block diagram illustrating a construc 
tion of an MS according to an exemplary embodiment of the 
present invention. 
(0103 As shown in FIG. 13, an MS includes a controller 
1300, a MAC processor 1302, an encoder 1304, a modulator 
1306, a subcarrier mapper 1308, an IFFT processor 1310, a 
DAC 1312, an RF transmitter 1314, a duplexer 1316, an RF 
receiver 1318, an ADC 1320, an FFT processor 1322, a sub 
carrier demapper 1324, a demodulator 1326, a decoder 1328, 
a repeater identification unit 1330, and a TDOA calculator 
1332. 

0104. A BS described in FIG. 11 and the MS use a similar 
communication module and thus, perform a similar transmis 
sion and reception operation. Accordingly, a description of 
the same or similar constructions as described for the BS is 
omitted and thus, a description is made aiming at a construc 
tion related to location measurement according to an exem 
plary embodiment of the present invention. 
0105. Referring to FIG. 13, the MAC processor 1302 ana 
lyzes a signaling message (or a MAC management message) 
received from a BS. The MAC processor 1302 extracts infor 
mation necessary for measuring a location of the MS from the 
signaling message and provides the extracted information to 
the controller 1300. The information necessary for the loca 
tion measurement can include location coordinates of neigh 
boring BSs, location coordinates of neighboring repeaters, 
index information on a Subcarrier allocated to each repeater, 
delay time information between a BS and each repeater and 
the like. 
0106 If determining that there is a need for location mea 
surement, the controller 1300 enables the repeater identifica 
tion unit 1330. That is, the subcarrier demapper 1324 extracts 
data of a specific band for a repeater identifier from fre 
quency-domain data provided from the FFT processor 1322 
and provides the extracted data to the repeater identification 
unit 1330. Then, the repeater identification unit 1330 deter 
mines data from the subcarrier demapper 1324, determines a 
location of a Subcarrier having a data bit 1 mapped, and 
provides a repeater identifier (i.e., a Subcarrier index) accord 
ing to the subcarrier location to the controller 1300. 
01.07 Then, the controller 1300 decides a measurement 
mode using a repeater identifier from the repeater identifica 
tion unit 1330 and the information necessary for the location 
measurement received from a BS. The measurement mode 
can be any one of the aforementioned first to fourth measure 
ment modes. For example, when a signal from a BS is 
received through one repeater, the controller 1300 can decide 
a TDOA measurement scheme as the first measurement 
mode. At this time, a plurality of measurement modes can also 
be used depending on the surroundings of an MS. If the 
measurement mode is decided, the controller 1300 controls 
the TDOA calculator 1332 according to the measurement 
mode. 
0.108 Under control of the controller 1300, the TDOA 
calculator 1332 snapshots and stores sample data from the 
ADC 1320 during a preset interval, searches the stored 
sample data for OFDM symbol synchronization and frame 
synchronization, and measures TDOA between received sig 
nals. If TDOA is not measured, the TDOA calculator 1332 
can increase a Snapshot interval. 
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0109 For example, assuming circumstances of FIG.4, the 
TDOA calculator 1332 processes, by correlation, snapshot 
sample data using a Cyclic Prefix (CP) repeated at an OFDM 
symbol length and detects a peak of more than a reference 
value. That is, the TDOA calculator 1332 moves a sliding 
window for correlation by one sample while performing cor 
relation. At this time, a plurality of peaks can be detected 
because of a multiple path. The TDOA calculator 1332 selects 
the two largest peaks among the peaks and measures TDOA 
using a number of samples between the selected two peaks. 
That is, the TDOA calculator 1332 measures TDOA between 
two signals considering one of the two peaks as a signal of a 
BS and considering the other peak as a signal of a repeater. 
Also, the TDOA between the two signals can exceed an 
OFDM symbol length. If so, the TDOA calculator 1332 can 
search frame synchronization of each signal and measure 
TDOA. The TDOA calculator 1332 calculates a repeater basis 
TDOA using the measured TDOA and a previously known 
delay between a BS and a repeater. 
0110. If measuring TDOA using signals from different 
BSs, the TDOA calculator 1332 can search frame synchroni 
zation of each BS and calculate TDOA. As such, the TDOA 
calculator 1332 calculates all available TDOAS and provides 
the calculated TDOAS to the controller 1330. 
0111. Then, the controller 1300 calculates the location of 
the MS using the TDOA. Here, the controller 1300 can cal 
culate the location using the minimum two TDOA values. If 
only one TDOA is measured, the controller 1300 can calcu 
late a location using a cell ID technique and the like together. 
The controller 1300 controls the MAC processor 1302 to 
transmit location information of the MS to a BS. If a BS 
performs final location calculation, the MS can transmit the 
calculated TDOA to the BS without calculating a location. 
The MS can measure its own location by periods and can 
either transmit a calculated location to the BS every measure 
ment or transmit a current location according to a request of 
the BS. 
0112 A description of an example of an application of an 
exemplary embodiment of the present invention is described 
below. 
0113 FIG. 14 is a diagram illustrating that signals from 
three BSs each are communicated to an MS via a different 
repeater according to an exemplary embodiment of the 
present invention. 
0114 Referring to FIG. 14, the total of delays for respec 

tive signals reaching an MS from a BS1, a BS2, and a BS3 as 
expressed as Equation 8 below. 

dis-d1+ds2 (8) 

0115. In Equation 8, when assuming that the signal 
received by the MS from the BS1 has the shortest delay, 
TDOAs from detected received signals can be expressed as in 
Equation 9 below. 

T2-da-di-dit-da-di-d2 

t3-ds-di-ds 1+ds2-di-d2 (9) 

I0116. In Equation 9, t, represents TDOA between a sig 
nal received from BS 2 and a signal received from BS 1. ts. 
represents TDOA between a signal received from BS3 and a 
signal received from BS 1. However, t, and t, are BS basis 
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values and thus, cannot be directly used for location measure 
ment. So, a repeater basis TDOA value should be calculated 
as in Equation 10 below. 

ts-da-d'-tsu-ds--d (10) 
0117. In Equation 10, d, d, and d are values mea 
Sured upon repeater installation and are previously known 
values, and t, and ts, are values measured by the MS. Thus, 
t and ts, can be calculated. Consequently, an MS can 
calculate TDOAS on the basis of repeaters receiving signals 
and estimate a location of the MS using the TDOAS. 
0118. As described above, exemplary embodiments of the 
present invention have an advantage of being capable of esti 
mating a location of an MS with minimal error even when a 
repeater is installed in a wireless communication system. 
That is, exemplary embodiments of the present invention can 
accurately estimate a location of an MS under any circum 
stance by providing a solution for all cases where a repeater 
can cause an error. In addition, exemplary embodiments of 
the present invention can provide an effect that an MS can 
recognize if a received signal goes through one or more 
repeaters. 
0119 While the invention has been shown and described 
with reference to certain exemplary embodiments thereof, it 
will 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: 
1. A method of operating a repeater in a wireless commu 

nication system, the method comprising: 
generating a carrier signal according to a Subcarrier index 

corresponding to an identifier of a repeater, and 
mixing a received signal from a BS with the carrier signal 

and relay-transmitting the mixed signal. 
2. The method of claim 1, wherein the carrier signal is a 

signal for mapping a data bit 1 to a Subcarrier according to 
the subcarrier index. 

3. The method of claim 1, wherein a specific band among 
an OFDM signal that the wireless communication system 
communicates is used as a band for a repeater identifier, 
subcarriers within the specific band are indexed, and the 
indexed Subcarriers and repeaters are mapped on a point-to 
point basis. 

4. The method of claim 3, wherein the specific band is an 
unused guard Subcarrier band. 

5. A repeater apparatus in a wireless communication sys 
tem, the apparatus comprising: 

a carrier generator for generating a carrier signal according 
to a Subcarrier index corresponding to an identifier of a 
repeater, 

a mixer for mixing a signal received from a Base Station 
(BS) with the carrier signal from the carrier generator; 
and 

an amplifier for power-amplifying the signal from the 
mixer and transmitting the amplified signal. 

6. The apparatus of claim 5, wherein the carrier signal is a 
signal for mapping a data bit 1 to a Subcarrier according to 
the subcarrier index. 

7. The apparatus of claim 5, wherein a specific band among 
an OFDM signal that the wireless communication system 
communicates is used as a band for a repeater identifier, 
subcarriers within the specific band are indexed, and the 
indexed Subcarriers and repeaters are mapped on a point-to 
point basis. 

8. The apparatus of claim 7, wherein the specific band is an 
unused guard Subcarrier band. 
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