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(57) Abstract: An apparatus and method for transmitting a signal needed for beam acquisition in a wireless communication system
operating in a super-high frequency band are provided, in which a small reference modulation symbol length relative to adata modu -
lation symbol length is determined, taking into account a communication characteristic of a Mobile Station (MS), a data modulation
symbol generated by modulating a data signal using a predetermined modulation scheme is transmitted according to the determined
data modulation symbol length, and areference modulation symbol generated by modulating areference signa using the predeter -
mined modulation scheme is transmitted according to the determined reference modulation symbol length.
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Description
Title of Invention: APPARATUS AND METHOD FOR
TRANSMITTING SIGNAL IN A WIRELESS COMMUNICAITON

SYSTEM

Technical Field

[1] The present invention relates to an apparatus and method for transmitting asignal in
awireless communication system, and more particularly, to an apparatus and method
for transmitting a signal needed for beam acquisition in awireless communication
system operating in a super-high frequency band.
Background Art

[2] To satisfy ever-increasing demands for data traffic, wireless communication systems
have been developed to support higher data rates.
[3] The tendency of the technological development of 4t Generation (4G) systems so far

proposed istoward improvement of spectral frequency to increase data rate. However,
itisdifficult to satisfy soaring demands for data traffic simply through improved
spectral efficiency.

[4] One of techniques proposed to solve this problem isto use avery broad frequency
band. However, it is very difficult to secure abroad frequency band in acellular
system operating at or below 5GHz, which is amajor example of wireless commu-
nication systems. Accordingly, it is necessary to secure abroadband frequency in a
frequency band higher than that of the cellular system.

[5] Asahigher transmission frequency is used for wireless communication, propagation
path loss increases. The resulting relative short propagation distance leads to reduction
of service coverage. In this context, beamforming has been proposed as one of
important techniques for mitigating propagation path loss and increasing a propagation
distance.

[6] A kind of beamforming, namely transmission beamforming is a scheme of steering a
signal from each of aplurality of antennas in a specific direction. A set of such
antennas is called an 'antenna array' and an antenna of the antenna array is called an
‘antenna element’.

7 In general, the propagation distance of asignal can be increased by transmission
beamforming. Furthermore, transmission beamforming can reduce interference with
other users because a signal is almost not transmitted in directions other than an
intended direction.

[8] A receiver may also perform reception beamforming using areception antenna array.
Reception beamforming can also increase the sensitivity of asignal received from a
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[15]

[16]

specific direction by focusing on wave reception from the specific direction and can
eliminate interference by excluding signals from other directions from the received
signal.

As atransmission frequency increases, the wavelength of asignal wave decreases.
Accordingly, antennas may be configured at ahalf-wavelength interval in the antenna
array. In this case, the antenna array may be formed with more antennas over the same
area. That is, acommunication system operating in ahigh frequency band can obtain a
high antenna gain by beamforming, relative to beamforming in alow frequency band.
Therefore, acommunication system operating in ahigh frequency band is suitable for
beamforming.

That's why the communication system operating in ahigh frequency band uses
beamforming in order to mitigate great propagation path loss. Beamforming should
apply to data and control signals without distinction.

Conventionally, beamforming in Institute of Electrical and Electronics Engineers
(IEEE) 802. Had involves Sector Level Sweep (SLS) and Beam Refinement Protocol
(BRP).

The IEEE 802.1lad standard is aWireless Local Area Network (WLAN)-based
technology that provides avery small service area with aradius between 10m and 20m
in a60-GHz super-high frequency band. Especially to solve apropagation property
problem encountered with a super-high frequency band, the IEEE 802. 1lad standard
recommends beamforming.

In the SLS scheme defined in |IEEE 802. 11ad, a STAtion (STA) which will perform
beamforming transmits the same sector frame repeatedly in aplurality of directions.
Then apeer STA receives each sector frame using aquasi-omni antenna and transmits
afeedback regarding the direction that offers the best sensitivity. The STA may
acquire information about the best direction from the peer STA and perform
beamforming in the best direction.

In the BRP scheme defined in IEEE 802.1 |lad, after beamforming in the SLS scheme,
the direction of atransmission and reception beam is subjected to fine adjustment in
order to increase atransmission and reception beamforming gain.

Typicaly, after two STAS detect the best transmission beam by the SLS scheme, they
use the BRP scheme to detect areception beam most suitable for the transmission
beam. In addition, acombination of the transmission and reception beam directions is
finely adjusted.

Especially acommunication system operating in a super-high frequency band
(hereinafter, referred to as a 'millimeter wave communication system’) will adopt
beamforming to mitigate propagation path loss and increase apropagation distance, in
view of wireless communication in the super-high frequency band.
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To maximize an antenna gain by beamforming, the millimeter wave communication
system should be able to select the best transmission/reception beam. For example, it
may use the SLS and BRP schemes as proposed by IEEE 802.1 lad to select the best
transmission/reception beam.

For example, as many reference signals as the number of transmission-reception
beam combinations are transmitted repeatedly to select the best transmission/reception
beam. Each reference signal istransmitted and received in a specific transmission/
reception beam and the best transmission-reception beam combination is selected by
comparing the strengths of the received signals.

If narrower beams are used to obtain ahigher antenna gain, the number of
transmission/reception beams isincreased. The resulting linear increase in the number
of necessary reference signals increases overal system overhead and thus decreases
total system capacity. Accordingly, there exists apressing need for developing a
method for minimizing the system overhead of reference signals required for selecting
atransmission/reception beam, when beamforming isused in amillimeter wave com-
munication system.

Disclosure of Invention

Technical Problem

An aspect of embodiments of the present invention isto address at least the problems
and/or disadvantages and to provide at least the advantages described below. Ac-
cordingly, an aspect of embodiments of the present invention isto provide areference
signal transmission apparatus and method for configuring reference signalsin a
manner that reduces the overhead of reference signals required for beam acquisition in
amillimeter wave communication system.

Another aspect of embodiments of the present invention isto provide asignal
transmission apparatus and method for setting different reference modulation symbol
lengths for different Base Stations (BSs) or different users, taking into account the
communication characteristics of user terminals in amillimeter wave communication
system.

Another aspect of embodiments of the present invention isto provide asignal
transmission apparatus and method for setting an Inverse Fast Fourier Transform
(IFFT) size for Orthogonal Frequency Division Multiplexing (OFDM) modulation,
taking into account the communication characteristics of user terminals at aBSin a
millimeter wave communication system.

Another aspect of embodiments of the present invention isto provide asignal
transmission apparatus and method for setting abeam width for beamforming, taking
into account the communication characteristics of user terminals in amillimeter wave
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communication System.
A further aspect of embodiments of the present invention isto provide a signal

transmission apparatus and method for setting different reference modulation symbol
lengths for different user terminals according to the velocities of the user terminals in a
millimeter wave communication system.

Solution to Problem

In accordance with an embodiment of the present invention, there isprovided a
method for transmitting a signal at atransmission apparatus in awireless commu-
nication system supporting communication in a super-high frequency band, in which a
small reference modulation symbol length relative to a data modulation symbol length
is determined, taking into account acommunication characteristic of aMaobile Station
(MS), adata modulation symbol generated by modulating adata signal using a prede-
termined modulation scheme is transmitted according to the determined data
modulation symbol length, and areference modulation symbol generated by
modulating areference signal using the predetermined modulation scheme is
transmitted according to the determined reference modulation symbol length.

In accordance with another embodiment of the present invention, there isprovided a
transmission apparatus for transmitting asignal in awireless communication system
supporting communication in a super-high frequency band, in which afirst modulator
generates a data modulation symbol by modulating adata signal using a predetermined
modulation scheme, according to a data modulation symbol length determined based
on acommunication characteristics of an MS, a second modulator generates a
reference modulation symbol by modulating areference signal using the predetermined
modulation scheme, according to a small reference modulation symbol length relative
to the data modulation symbol length, determined based on the communication charac-
teristics of the MS, asignal selector selectively outputs a data modulation symbol or a
reference modulation symbol from adata modulation symbol sequence received from
the first modulator or areference modulation symbol sequence received from the
second modulator, to generate aframe having a structure determined based on the
communication characteristic of the MS, and atransmitter converts the data
modulation symbol or the reference modulation symbol received from the signal
selector to an analog signal and transmits the analog signal through an antenna array by
beamforming.

Advantageous Effects of Invention

According to the embodiments of the present invention, the number of reference
modulation symbols to be transmitted is adjusted within a data modulation symbol
length, taking into account acommunication environment. Therefore, an antenna gain
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attributed to beamforming can be increased and overall system overhead can be

reduced.
Other various effects will be disclosed explicitly or implicitly in the following

detailed description of the embodiments of the present invention.

Brief Description of Drawings

The above and other objects, features and advantages of certain embodiments of the
present invention will be more apparent from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. lillustrates the concept of reference signal transmission in abeam selection
procedure in amillimeter wave communication system according to an embodiment of
the present invention;

FIG. 2 illustrates the types of beams used for beamforming in the millimeter wave
communication system according to an embodiment of the present invention;

FIG. 3illustrates the concept of an exemplary signal transmission to reduce system
overhead caused by reference signal transmission in the millimeter wave commu-
nication system according to an embodiment of the present invention;

FIG. 4 illustrates an operation scenario in which different cells or Base Stations
(BSs) use different Orthogonal Frequency Division Multiplexing (OFDM) symbol
lengths for reference signals in the millimeter wave communication system according
to an embodiment of the present invention,

FIG. 5illustrates an operation scenario in which acell or BS uses different OFDM
symbol lengths for reference signals in the millimeter wave communication system
according to another embodiment of the present invention,

FIG. 6 illustrates a configuration of atransmission apparatus in the millimeter wave
communication system according to an embodiment of the present invention; and

FIG. 7 isaflowchart illustrating acontrol operation for transmitting asignal at the
transmission apparatus in the millimeter wave communication system according to an
embodiment of the present invention.

Throughout the drawings, the same drawing reference numerals will be understood to
refer to the same elements, features and structures.

Mode for the Invention

Reference will be made to preferred embodiments of the present invention with
reference to the attached drawings. A detailed description of agenerally known
function and structure of the present invention will be avoided lest it should obscure
the subject matter of the present invention. The terms used in the present invention are
defined, taking into account functions in the present invention and may be changed
according to the intention of auser or an operator, or customs. Therefore, the present
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invention must be understood, not simply by the actual terms used but by the meanings
of each term lying within.

In embodiments of the present invention as described later, aframe is configured in
such amanner that atransmission apparatus may transmit adata signal and areference
signal according to a specific symbol selection condition in a millimeter wave commu-
nication system. To configure the frame, a 'data signal transmission period' for
transmitting a data signa and a 'reference signal transmission period' for transmitting
areference signal are defined in the frame.

When the data signal transmission period is defined, the length of an OFDM symbol
determined for data signal transmission (hereinafter, referred to as a 'data OFDM
symbol’) according to apredetermined symbol selection condition is considered. When
the reference signal transmission period is defined, the length of an OFDM symbol de-
termined for reference signal transmission (hereinafter, referred to as a 'reference
OFDM symbol’) according to the predetermined symbol selection condition is
considered. The lengths of adata OFDM symbol and areference OFDM symbol are
set to be different. Preferably, the data OFDM symbol length islarger than the
reference OFDM symbol length. That is, the data OFDM symbol length and the
reference OFDM symbol length are determined so that aplurality of reference OFDM
symbols each having the reference OFDM symbol length may be transmitted within
the data OFDM symbol length.

The predetermined symbol selection condition used to determine the data OFDM
symbol length and the reference OFDM symbol length reflects the communication
characteristics of auser terminal to be connected to aBase Station (BS) or cell. The
communication characteristics of the user terminal can be predicted from the ambient
environment of the BS or the user terminal.

That is, the communication characteristics of the user terminal connected to the BS
may be predicted, taking into account locations and topography in the environment in
which the BSisinstalled, or taking into account the location of the user terminal in the
service coverage of the BS.

For example, if afirst BSisinstalled in acommercia district populated with
restaurants, coffee shops, etc., the first BS may predict that most of user terminals
connected to the first BS are highly likely to be stationary or move slowly. On the
other hand, if asecond BSisinstaled in the vicinity of ahighway and general road, or
arailroad, the second BS may predict that most of user terminals connected to the
second BS are highly likely to move fast.

Accordingly, the first and second BSs will determine different data OFDM symbol
lengths T and reference OFDM symbol Iengths t, taking into account the above-
described communication characteristics of user terminals. That is, the reference
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OFDM symbol lengths t, are set to be smaller than the data OFDM symbol lengths T,
The data OFDM symbol lengths determined by the first and second BSs may be equal.
However, the first and second BSs may set different reference OFDM symbol lengths.
For example, the reference OFDM symbol length determined by the first BS may be
smaller than the reference OFDM symbol length determined by the second BS, to
thereby increase an antenna gain attributed to beamforming and minimize system
overhead caused by reference signal transmission in the above example.

In another example, when acommercial district populated with restaurants, coffee
shops, etc. co-exists with ahighway and agenera road within the service coverage (or
cell) of aBS, afirst user terminal located in the commercial district ishighly likely to
be stationary or move slowly, whereas a second user terminal in the vicinity of the
highway and the general road is highly likely to move fast.

Therefore, the BS will determine different data OFDM symbol lengths T_and
reference OFDM symbol lengths t, for the first and second user terminals, taking into
account the above-described communication characteristics of the first and second user
terminals. That is, the reference OFDM symbol lengths t_are set to be smaller than the
data OFDM symbol lengths T The data OFDM symbol Iengths determined for the
first and second user terminals may be equal. However, different reference OFDM
symbol lengths may be set for the first and second BSs user terminals. For example,
the reference OFDM symbol length determined for the first user terminal may be
smaller than the reference OFDM symbol length determined for the second user
terminal, to thereby increase an antenna gain attributed to beamforming and minimize
system overhead caused by reference signal transmission in the above example.

To implement the above two embodiments of the present invention, a BS needs to
notify auser terminal of aframe structure to be used. That is, the BS needs to transmit
information about a data OFDM symbol length and areference OFDM symbol length
to the user terminal. Or the BS may transmit only the information about the reference
OFDM symbol length to the user terminal.

Instead of directly transmitting the information about the data OFDM symbol Iength
and the reference OFDM symbol length to the user terminal, the BS may transmit to
the user terminal implicit information from which the user terminal can determine the
data OFDM symbol length and the reference OFDM symbol length. For example, the
BS may transmit information about the data OFDM symbol length and information
about the number of reference OFDM symbols to be transmitted within the data
OFDM symbol Iength to the user terminal. If the data OFDM symbol length is fixed,
the BS may transmit only the information about the reference OFDM symbol length or
the number of reference OFDM symbols to the user terminal. If the communication
characteristics of auser terminal are not changed across regions, the BS may provide,



WO 2013/089525 PCT/KR2012/010991

[49]

[50]

[51]

[52]

[53]

[54]

[55]

as system information, information about the data OFDM symbol length and the
reference OFDM symbol length or implicit information from which the data OFDM
symbol length and the reference OFDM symbol length can be determined, to thereby
obviate the need for repeated transmission of the information. Transmission of the in-
formation about the data OFDM symbol length is also optional.

Preferred embodiments of the present invention will be described below in detail
with reference to the attached drawings.

FIG. lillustrates the concept of reference signa transmission in abeam selection
procedure in amillimeter wave communication system according to an embodiment of
the present invention. In the illustrated case of FIG. 1, the best beam is selected using a
plurality of reference signals. The reason for selecting the best beam isto maximize an
antenna gain by beamforming in the millimeter wave communication system.

Referring to FIG. 1, aBS 100 transmits as many reference signals as the total number
of transmission and reception beam combinations, asindicated by reference numeral
120. The total number of transmission and reception beam combinations is the product
between the number of transmission beams of the BS 100 and the number of reception
beams of Mobile Stations (MSs) 110, 112 and 114. Asmany reference signals as the
total number of combinations are distinguished by time, frequency, and/or space.

More specifically, each of as many reference signals as the total number of com-
binations is transmitted and recelved in a specific transmission/reception beam, that is,
by beamforming in a specific direction. Subsequently, each of the MSs 110, 112 and
114 measures the strengths of all received reference signals and selects the best
transmission/reception beam combination by comparing the signal strength mea-
surements. That is, the MS selects asignal received from a specific beam direction
from among reference signals transmitted in all directions within a sector by
beamforming according to the location and topography situation of the MS.

To obtain ahigher antenna gain, an antenna array is configured with more antenna
elements. If beamforming is applied to the antenna array, the width of abeam formed
by each antenna element gets smaller.

Thus, the number of transmission/reception beams isincreased to uniformly fill al
directions, taking into account narrowed beams. In addition, the resulting increase in
the total number of transmission and reception beam combinations linearly increases
the number of repeatedly transmitted reference signals. The number of repeatedly
transmitted reference signals is equal to that of the total number of transmission and
reception beam combinations.

This means that reference signals transmitted at a predetermined interval for beam
acquisition occupy more symbols, thus increasing overall system overhead. Asaresult,
overall system capacity isdecreased. Accordingly, there exists aneed for amethod for
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minimizing the system overhead caused by reference signals during beam acquisition.

FIG. 2 illustrates the types of beams used for beamforming in the millimeter wave
communication system according to an embodiment of the present invention. In FIG.
2, awide beam and a narrow beam are shown for use in beamforming.

In general, the shape and width of abeam are determined according to the number of
antenna elements in an antenna array, that is, the number of antenna elements used for
beamforming. If beams are formed using more antenna elements, the beams are
narrow. On the contrary, if beams are formed using fewer antenna elements, the beams
are wide.

The two types of beams, that is, abeam 210 with alarge beam width and abeam 212
with asmall beam width have their own advantages and shortcomings. For example, it
isassumed in FIG. 2 that aBS 200 communicates with afirst M S 210 by the wide
beam 210 and with a second M S 212 by the narrow beam 212.

In the case of the wide beam 210, al directions can be covered with arelatively small
number of beams because one beam can cover awide area. Due to a small number of
beams, the number of repeatedly transmitted reference signalsis small. As aresult,
system overhead isreduced and overall system capacity isincreased.

However, the antenna gain isrelatively small because abeam isformed to cover a
wide area. Moreover, areceived signa strength is small due to the small antenna gain,
thereby degrading reception performance.

In the case of the narrow beam 212, asignal may be steered in anarrow direction by
beamforming using many antenna elements. Therefore, arelatively high antenna gain
can be obtained. This means that a strong signal can be received and thus improvement
of reception performance can be expected.

However, since one beam can cover only anarrow area, all directions can be covered
with arelatively large number of beams. Consequently, more reference signals are
needed for beam selection and system overhead isincreased, thus decreasing total
system capacity.

If the two beam types are flexibly adopted according to acommunication en-
vironment and auser condition based on the above description, they may be considered
asdifferent technologies in the millimeter wave communication system.

FIG. 3illustrates the concept of an exemplary signal transmission to reduce system
overhead caused by reference signal transmission in the millimeter wave commu-
nication system according to an embodiment of the present invention.

Asillustrated in FIG. 3, amain technical feature of the embodiment of the present
invention liesin that different OFDM symbol lengths are used for different
transmission signal types. For example, different OFDM symbol lengths are set for a
data signal 300 and reference signals 310. If the total OFDM symbol length T of N
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reference signals 310 isequal b the OFDM symbol length T of the data signal 300,
the OFDM symbol length of one reference signal t isT/N. In other words, the total
OFDM symbol length of the N reference signals 310 or the OFDM symbol length of
the data signal 300, T may be defined as Nxt..

Because one or more reference signals can be transmitted during one data symbol
length, the overall system overhead can be reduced in spite of use of the same number
of transmission/reception beams. Herein, adifference in OFDM symbol length is
equivaent to adifference in the spacing between adjacent subcarriers on the frequency
axis.

That is, alarge OFDM symbol length assigned to the data signal 300 means a
relatively short spacing between adjacent subcarriers on the frequency axis. In contrast,
asmall OFDM symbol length assigned to areference signal 310 relative to that of the
data signal 300 means that the spacing between adjacent subcarriers on the frequency
axisisrelatively large.

Assigning alot of subcarriers to areference signa relative to adata signal isan un-
necessary reference signal design. Therefore, the best performance can be achieved in
terms of beam acquisition performance and system overhead by assigning a small
OFDM symbol length and widening the spacing between adjacent subcarriers on the
frequency axis in transmitting reference signals.

However, the same-sized guard interval isadded before an OFDM symbol irre-
spective of the data signal 300 and the reference signals 310 because the guard interval
is affected by acell radius. In acell having asmall radius, asignal transmission takes a
short time and thus a short guard interval isused. On the other hand, along guard
interval isused in acell having alarge radius in order to prevent interference from an
adjacent symbol.

In the embodiment of the present invention, however, different OFDM symbol
lengths are applied to the data signal 300 and areference signal 310, when they are
transmitted in the same cell radius. Therefore, the same guard interval is applied.

FIG. 4 illustrates an operation scenario in which different cells or BSs use different
OFDM symbol lengths for reference signas in the millimeter wave communication
system according to an embodiment of the present invention. In the illustrated case of
FIG. 4, areference signal having adifferent OFDM symbol length isused on acell
basis or on aBS basis.

Referring to FIG. 4, first and second MSs 410 and 430 (MS-1and MS-2) connected
respectively to first and second BSs 400 and 420 (BS-1 and BS-2) may differ in com-
munication environment and state depending on the locations and topographies of BS-
1and BS-2.

For example, if BS-1 isinstaled in acommercia district populated with restaurants,
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coffee shops, etc., most of MSs connected to BS-1 are highly likely to be stationary or
move slowly. On the other hand, if BS-2 isinstalled in the vicinity of ahighway and
general road, or aralroad, most of MSs connected to BS-2 are highly likely to move
fast. That is, itistypical that MSs attempting communication through BS-2 or MSs
connected to BS-2 move fast in most cases.

[74] In the operation scenario illustrated in FIG. 4, BS-1 and BS-2 use different OFDM
symbol lengths for reference signals. That is, the OFDM symbol lengths for reference
signals are associated with the velocities of MSs connected to the BSs in FIG. 4.
Obvioudly, an operation scenario may be built, in which each BS uses areference
signal having adifferent OFDM symbol length based on afactor other than the
velocity of an MS.

[75] A detailed description will be given below of frames used in BSs connected to MSs
having different velocities.

[76] Being installed in an area where M Ss are kept almost stationary, for example, in a
district populated with restaurants or coffee shops, BS-1 performs beamforming using
narrow beams.

[77] It is expected that beams do not change often due to movement of users in an area
where MSs scarcely move. That is, if the best transmission/reception beam com-
bination is determined while MSs are ailmost kept stationary, the probability of
changing the determined best transmission/reception beam combination will be very
low.

[78] Even though atransmission/reception beam combination supporting narrow beams is
selected for MSs located in an area where the MSs scarcely move, the transmission/
reception beam combination will not be changed often. Furthermore, beamforming
may bring about ahigh antenna gain owing to the use of narrow beams.

[79] Despite these benefits, the use of narrow beams increases the number of beams or the
number of reference signal symbols, thereby increasing overall system overhead. Ac-
cordingly, aframe 412 is configured so asto include arelatively large number of
reference signal symbols within adata symbol length in order to reduce system
overhead according to an embodiment of the present invention.

[80] Being installed in an area where MSs move much or fast, for example, in the vicinity
of aroad or arailroad where vehicles or trains move fast, BS-2 performs beamforming
using wide beams.

[81] It is expected that beams change often due to movement of MSs in an area where the
MSs move alot or fast. That is, if the best transmission/reception beam combination is
determined while MSs are moving fast, the probability of changing the determined best
transmission/reception beam combination will be very high.

[82] If atransmission/reception beam combination supporting wide beams is selected for
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MSs located in an area where they move alot or fast, the transmission/reception beam
combination will be changed often. To minimize changing of the selected
transmission/reception beam combination, it is preferred to select a transmission/
reception beam combination using relatively wide beams. That is, despite alow
antenna gain, use of wide beams is efficient.

However, when wide beams are used, the number of beams that uniformly cover all
directions is decreased. That is, the number of required reference signals is reduced.
Accordingly, aframe 432 is configured so as to include arelatively small number of
reference signal symbols within adata symbol length in an embodiment of the present
invention.

Asdescribed above, BS-1 and BS-2 use the frames 412 and 432 having different
configurations according to their locations, i.e. their ambient environments. The
ambient environment of aBS represents the movement characteristics of MSs within
the service coverage of the BS.

Therefore, each BS needs to notify all MSs within its cell of aframe structure to be
used, that is, the type of aframe to be used. For example, each BS broadcasts in-
formation about the type of aused frame to MSs within its cell.

The information about the type of aused frame may specify the number of reference
signal symbols corresponding to one data symbol. For example, the information about
the type of aused frame indicates the number of reference signal symbols included
within the length of one data symbol. In another example, the information about the
type of aused frame may indicate the index of asymbol pattern to be used from among
predetermined symbol patterns. In this case, an M'S may determine the number of
reference signal symbols that adata symbol length spans based on the index in-
formation received from the BS.

FIG. 5illustrates an operation scenario in which acell or BS uses different OFDM
symbol lengths for reference signals in the millimeter wave communication system
according to another embodiment of the present invention. In the illustrated case of
FIG. 5, acell or BS uses reference signals having different OFDM symbol lengths for
different MSs according to the conditions and ambient environments of the MSs.
Different reference signals are allocated according to user conditions and ambient en-
vironments and thus the reference signals may be dedicated to specific users or user
groups.

Referring to FIG. 5, first and second MSs 510 and 520 (MS-1and MS-2) may differ
in communication environment and state according to their user conditions and
ambient environments in aBS 500 (BS-1) or cell.

For example, it may be predicted that MS-1 is highly likely to be stationary or move
slowly a short distance because it islocated in acommercial district populated with
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restaurants and coffee shops. On the other hand, it may be predicted that MS-2 is
highly likely to move fast in avehicle or train because it is located in the vicinity of a
highway and general road or arailroad. That is, MSs expected to move fast istypically
co-existent with MSs expected to scarcely move among MSs attempting commu-
nication through BS-1 or MSs connected to BS-1.

In the embodiment of the present invention illustrated in FIG. 5, dedicated reference
signals having different OFDM symbol lengths may be defined according to the
conditions and environments of the MSs 510 and 520. In addition, the operation
scenario using the dedicated reference signals will be described in relation to different
conditions and environments of MSs within the same BS or cell.

In the operation scenario illustrated in FIG. 5, BS-1 uses reference signals having
different OFDM symbol lengths for MS-1 and MS-2. That is, OFDM symbol lengths
are associated with the velocities of MSs connected to aBSor cell in FIG. 5.
Obviously, an operation scenario may be built, in which aBS uses dedicated reference
signals having different OFDM symbol lengths for different MSs based on afactor
other than the velocities of the MSs.

A detailed description will be given below of frames used for MSs having different
velocities, connected to one BS.

Preferably, the BS 500 performs beamforming using a narrow beam for MS-1
located in an area where MSs are kept almost stationary, for example, in adistrict
populated with restaurants or coffee shops.

It is expected that beams do not change often due to movement of users in an area
where MSs scarcely move. That is, if the best transmission/reception beam com-
bination is determined while an MSis almost kept stationary, the probability of
changing the determined best transmission/reception beam combination will be very
low.

Even though atransmission/reception beam combination supporting narrow beams is
selected for MSs located in an area where the MSs scarcely move, the transmission/
reception beam combination will not be changed often. Furthermore, beamforming
may bring about ahigh antenna gain owing to the use of narrow beams.

Despite these benefits, the use of narrow beams increases the number of beams or the
number of dedicated reference signal symbols, thereby increasing overall system
overhead. Accordingly, aframe 512 is configured so asto include arelatively large
number of dedicated reference signal symbols within adata symbol length in order to
reduce system overhead according to an embodiment of the present invention.

Preferably, the BS 500 performs beamforming using wide beams for MS-2 located in
an area where MSs move alot or fast, for example, in the vicinity of aroad or a
railroad where vehicles or trains move fast.
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It is expected that beams change often due to movement of MSs in an area where the
MSs move alot or fast. That is, if the best transmission/reception beam combination is
determined while MSs are moving fast, the probability of changing the determined best
transmission/reception beam combination will be very high.

If atransmission/reception beam combination supporting awide beam width is
selected for an M S located in an area where MSs move alot or fast, the transmission/
reception beam combination will be changed often. To minimize changing of the
selected transmission/reception beam combination, it is preferred to select a
transmission/reception beam combination using relatively wide beams. That is, despite
alow antenna gain, use of wide beams is efficient.

However, when wide beams are used, the number of beams that uniformly cover al
directions isdecreased. That is, the number of required dedicated reference signals is
reduced. Accordingly, aframe 522 isconfigured so asto include arelatively small
number of dedicated reference signal symbols within adata symbol length in an em-
bodiment of the present invention.

Asdescribed above, the BS 500 uses the frames 512 and 5222 having different con-
figurations for different users or user groups. The frame configurations to be used for
different users or user groups may be determined according to user conditions such as
the ambient environments of the MSs. For example, the ambient environment of an
M Sincludes the velocity of the MS, etc.

Therefore, the BS 500 needs to notify all MSs within its cell of frame structures to be
used for the MSs 510 and 520, that is, the types of frames to be used for the MSs 510
and 520. For example, the BS 500 broadcasts information about the types of used
frames to MSs within its cell.

The information about the types of used frames may specify the numbers of reference
signal symbols corresponding to one data symbol. For example, the information about
the types of used frames indicates the numbers of reference signal symbols included
within the length of one data symbol. In another example, the information about the
types of used frames may indicate the indexes of symbol patterns to be used from
among predetermined symbol patterns. In this case, MSs may determine the numbers
of reference signal symbols included in adata symbol length based on the index in-
formation received from the BS.

FIG. 6 illustrates an exemplary configuration of atransmission apparatus in the
millimeter wave communication system according to an embodiment of the present
invention. That is, the transmission apparatus is configured so as to transmit reference
signals having different OFDM symbol lengths for different BSs or different MSs in
the afore-described two scenarios.

Referring to FIG. 6, the transmission apparatus includes a modem having aplurality
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of antenna elements and a transmitter. The transmitter includes abeamformer 640 for
forming abeam having apredetermined beam width and an antenna array 650. The
modem includes at least two Inverse Fast Fourier Transform (IFFT) processors 602
and 612 corresponding to at least two modulators according to the types of input
signals, Parallel/Serial (P/S) converters 604 and 614 corresponding to the at least two
IFFT processors 602 and 612, and aDigital to Analog Converter (DAC) 630.

For example, the following description is given on the assumption that two types of
signals, adata signal and areference signal are input. Accordingly, different OFDM
symbol lengths are used for transmitting the data signal and the reference signal. That
is, the data signal and the reference signal are transmitted with different spacings
between adjacent subcarriers on the frequency axis, which can be implemented using
different IFFT/FFT sizes.

A data signal 600 is provided to the N, IFFT processor 602, and areference signal
610 is provided to the N, IFF processor 612. Ni and N, are IFFT sizes and Ni is equal
to or larger than N.,.

The N, IFFT processor 602 converts the input data signal in the frequency domain to
adata signal in the time domain by IFFT. The N, IFFT processor 612 converts the
input reference signal in the frequency domain to areference signal in the time domain
by IFFT. The Ni IFFT processor 602 and N, IFFT processor 612 have different IFFT
sizes, N; and N,

The reason for applying different IFFT sizes within the same bandwidth to the data
signal 600 and the reference signal 610 isto differentiate an OFDM symbol length
according to the type of asignal to be transmitted during the same time period. That is,
the time-domain data signal (hereinafter, referred to as a ‘data OFDM symbol
sequence’) output from the N, |FF processor 602 and the time-domain reference signal
(hereinafter, referred to as a 'reference OFDM symbol sequence’) output from the N,
IFF processor 612 become OFDM symbols having different lengths. For example, one
data OFDM symbol length T may be equal to the total length Nxt, of five (N=5)
reference OFDM symbols. This means to assume that the data signal 600 and the
reference signal 610 are transmitted with different subcarrier spacings.

Meanwhile, the first P/S converter 604 converts parallel data OFDM symbol
sequences received from the N, |FF processor 602 to a serial signal, whereas the
second P/S converter 614 converts parallel reference OFDM symbol sequences
received from the N, IFF processor 604 to a serial signal.

A signal selector 620 receives the serial data OFDM symbol sequence from the first
P/S converter 604 and the serial reference OFDM symbol sequence from the second P/
S converter 614.

The signal selector 620 selects as many OFDM symbols as intended from the data
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OFDM symbol sequence received from the first P/S converter 604 and the reference
OFDM symbol sequence received from the second P/S converter 614 according to a
predetermined symbol selection condition. That is, the signal selector 620 selectively
outputs adata OFDM symbol and areference OFDM symbol according to frame
structures to be used for transmission of adata signal and areference signal.

For example, on the assumption that an OFDM symbol length applied to
transmission of adata signal, T isan N multiple of an OFDM symbol length applied to
transmission of areference signal, t, when outputting reference OFDM symbols, the
signal selector 620 outputs N reference OFDM symbols during the time period T In
contrast, when outputting data OFDM symbols, the signal selector 620 outputs one
data OFDM symbol during the time period T

The two embodiments of the present invention have been proposed above. That is,
one of the embodiments has been described with reference to FIG. 4 and the other em-
bodiment has been described with reference to FIG. 5. Therefore, the signal selector
620 of the transmission apparatus may perform adifferent operation according to a
supported embodiment, that is, may selectively use a symbol selection condition for
symbol selection according to a supported embodiment.

*For example, in the embodiment of the present invention illustrated in FIG. 4, a
symbol selection condition to be referred to by the signal selector 620 may be defined
based on aframe structure specific to each BS. In contrast, in the embodiment of the
present invention illustrated in FIG. 5, a symbol selection condition to be referred to by
the signal selector 620 may be defined based on a frame structure specific to each MS.

In the former embodiment, the signal selector 620 determines the type of an OFDM
symbol to be output according to adata signal transmission period or areference signa
transmission period and selects one of data and reference OFDM symbols according to
the OFDM symbol type. When outputting the selected OFDM symbol, the signal
selector 620 considers an OFDM symbol length to be applied. For example, on the as-
sumption that an OFDM symbol Iength applied to transmission of adata signal, T, is
an N multiple of an OFDM symbol length applied to transmission of areference
signal, t, when outputting reference OFDM symbols, the signal selector 620 outputs N
reference OFDM symbols during the time period T In contrast, when outputting data
OFDM symbols, the signal selector 620 outputs one data OFDM symbol during the
time period T

In the latter embodiment, the signal selector 620 determines the type of an OFDM
symbol to be output according to adata signal transmission period or areference signa
transmission period and selects one of data and reference OFDM symbols according to
the OFDM symbol type. When outputting the selected OFDM symbol, the signal
selector 620 considers an OFDM symbol Iength to be applied, based on the location of
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an MS. That is, reference signals are transmitted in different-length OFDM symbols to
MSs according to the conditions and environments of the M Ss.

For example, N is set to 2 within one data OFDM symbol length (the frames 432 and
522) for the MSs 430 and 520 in an area where fast movement is expected, whereas N
is set to 4 within one data OFDM symbol length (the frames 412 and 512) for the MSs
410 and 510 in an area where little movement is expected. N isthe number of
reference OFDM symbols to be transmitted during atransmission period (i.e. one data
OFDM symbol length). That is, the signal selector 620 selects two reference OFDM
symbols for the MSs 430 and 520 in the area where fast movement is expected during
the same time period (T=2t). On the other hand, the signal selector 620 selects four
reference OFDM symbols for the MSs 412 and 512 in the area where little movement
is expected during the same period (T =4t).

The DAC 630 converts an OFDM symbol received from the signal selector 620 to an
analog signal and outputs the analog signa to the beamformer 640. The beamformer
640 allocates abeam having apredetermined width to each region segmented from a
cell. For example, the beam width may be set according to asimilar condition to that
used in determining aframe structure. That is, beamforming is performed with alarge
beam width for an area where fast or frequent movement is expected, and with a small
beam width for an area where little movement is expected.

For example, the width of abeam that covers the area where fast movement is
expected and thus to which two reference OFDM symbols will be transmitted during
the same time period T.is set to be larger than that of abeam that covers the area
where little movement is expected and thus to which four reference OFDM symbols
will be transmitted during the same time period T, That is, beams carrying alarge
number of reference OFDM symbols during the same time period T are set to be wide,
while beams carrying a small number of reference OFDM symbols during the same
time period T are set to be narrow.

The beamformer 640 provides abeamforming pattern determined according to the
above rule to the antenna array 650. The antenna array 650 generates an OFDM frame
with the data signal and the reference signal in the beamforming pattern.

FIG. 7 isaflowchart illustrating acontrol operation for transmitting asignal at the
transmission apparatus in the millimeter wave communication system according to an
embodiment of the present invention. The control operation of FIG. 7 includes setting
adata modulation symbol length and areference modulation symbol length (steps 710
to 714) and transmission of a data modulation symbol and areference modulation
symbol (step 716).

Referring to FIG. 7, the transmission apparatus sets a symbol selection condition
based on the communication characteristics of an MSin step 710. For example, the
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symbol selection condition is set according to the communication characteristics of the
M S such as velocity or movement probability. That is, arelatively small reference
modulation symbol length is set for an M S expected to move little or owly, relative to
an M 'S expected to move fast or frequently. Further, the symbol selection condition
may be defined for adata modulation symbol length.

The transmission apparatus determines aframe structure to be used for transmitting a
signal including adata signal and areference signal based on the set symbol selection
condition in step 712. For example, the transmission apparatus defines a data
modulation symbol period and areference modulation symbol period in aframe
according to the set symbol selection condition. In addition, the transmission apparatus
may determine the number of reference modulation symbols to be transmitted during
the reference modulation symbol period according to the symbol selection condition.

The transmission apparatus selects a modulation symbol to be transmitted according
to the determined frame structure in step 714. For example, adata OFDM symbol
generated by OFDM modulation is selected in the data modulation symbol period,
while as many reference OFDM symbols generated by OFDM modulation as the de-
termined number are selected in the reference modulation symbol period.

The transmission apparatus determines abeamforming pattern based on the commu-
nication characteristics of the MS, or the data and reference modulation symbol lengths
in step 716. The transmission apparatus then transmits the selected modulation symbol,
that is, the data modulation symbol or the reference modulation symbols according to
the determined beamforming pattern.

While the present invention has been particularly shown and described with reference
to embodiments thereof, it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the present invention as defined by the following claims.
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Claims

A method for transmitting a signal at transmission apparatus in a
wireless communication system supporting communication in a super-
high frequency band, the method comprising: determining a small
reference modulation symbol length relative to a data modulation
symbol length, taking into account acommunication characteristic of a
Mobile Station (MS); transmitting adata modulation symbol generated
by modulating adata signal using a predetermined modulation scheme,
according to the determined data modulation symbol length; and-
transmitting areference modulation symbol generated by modulating a
reference signal using the predetermined modulation scheme, according
to the determined reference modulation symbol length.

The method of claim 1, wherein the communication characteristic of
the MSisdetermined by acommunication environment of aBase
Station (BS) having the transmission apparatus or a communication en-
vironment of the M S connected to the BS.

The method of claim 1, wherein the determination comprises, if the
communication characteristic of an MSis determined by avelocity of
the MS, determining a small reference modulation symbol length for an
M S expected to move slowly, relative to areference modulation

symbol length for an M'S expected to move fast.

The method of claim 1, wherein the determination comprises, if the
communication characteristic of an MSis determined by avelocity of
the MS, determining a small reference modulation symbol Iength for a
B S connected to MSs expected to move slowly, relative to areference
modulation symbol length for aBS connected to MSs expected to move
fast.

The method of claim 1, further comprising transmitting information
about the determined reference modulation symbol length to a con-
nectable MS.

The method of any of claims 1to 5, wherein the data modulation
symbol length is an integer multiple of the reference modulation
symbol length.

The method of claim 6, wherein the determination comprises de-
termining different reference modulation symbol lengths for different
BSs or determining different reference modulation symbol lengths for
beams having aplurality of beam widths corresponding to segments of
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aservice area of one BS.

The method of claim 3 or 4, wherein the transmission of areference
modulation symbol comprises beamforming areference modulation
symbol with a small beam width for the M S expected to move slowly,
relative to awidth of areference modulation symbol for the M S
expected to move fast.

The method of claim 1, wherein the predetermined modulation scheme
is Orthogonal Frequency Division Multiplexing (OFDM) modulation.
A transmission apparatus for transmitting asignal in awireless commu-
nication system supporting communication in a super-high frequency
band, the transmission apparatus comprising:a first modulator for
generating adata modulation symbol by modulating a data signal using
apredetermined modulation scheme, according to adata modulation
symbol length determined based on acommunication characteristics of
aMobile Station (MS);a second modulator for generating areference
modulation symbol by modulating areference signa using the prede-
termined modulation scheme, according to a small reference
modulation symbol length relative to the data modulation symbol
length, determined based on the communication characteristics of the
MS;a signal selector for selectively outputting a data modulation
symbol or areference modulation symbol from a data modulation
symbol sequence received from the first modulator or areference
modulation symbol sequence received from the second modulator, to
generate aframe having a structure determined based on the commu-
nication characteristic of the MS; anda transmitter for converting the
data modulation symbol or the reference modulation symbol received
from the signal selector to an analog signal and transmitting the analog
signal through an antenna array by beamforming.

The transmission apparatus of clam 10, wherein the communication
characteristic of the MSis determined by acommunication en-
vironment of aBase Station (BS) having the transmission apparatus or
acommunication environment of the M S connected to the BS.

The transmission apparatus of clam 10, wherein if the communication
characteristic of an MSis determined by avelocity of the MS, the
second modulator determines a small reference modulation symbol
length for an M S expected to move slowly, relative to areference
modulation symbol length for an M'S expected to move fast.

The transmission apparatus of clam 10, wherein if the communication
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characteristic of an M Sis determined by avelocity of the MS, the
second modulator determines a small reference modulation symbol
length for aBS connected to M Ss expected to move slowly, relative to
areference modulation symbol length for aBS connected to M Ss
expected to move fast.

The transmission apparatus of claim 10, wherein the transmitter
transmits information about the determined reference modulation
symbol length to a connectable MS.

The transmission apparatus of any of claims 10 to 14, wherein the data
modulation symbol length is an integer multiple of the reference
modulation symbol length.

The transmission apparatus of claim 15, wherein the second modulator
determines different reference modulation symbol lengths for different
BSs or determines different reference modulation symbol lengths for
beams having aplurality of beam widths corresponding to segments of
aservice area of one BS.

The transmission apparatus of claim 12 or 13, wherein the transmitter
comprises abeamformer for beamforming areference modulation
symbol with asmall beam width for the M S expected to move slowly,
relative to awidth of areference modulation symbol for the M S
expected to move fast.

The transmission apparatus of claim 10, wherein the predetermined
modulation scheme is Orthogonal Frequency Division Multiplexing
(OFDM) modulation.
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