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(57) Abstract: A base station and terminal use methods of obtaining synchronization and system information in a wireless commu-
nication system. An operation of a base station includes generating a synchronization signal to be transmitted through a Synchroniz -
ation Channel (SCH), generating a broadcast signal to be transmitted through a Broadcast Channel (BCH), and transmitting repetit-
ively the SCH and the BCH by performing beamforming on the channels with different transmission beams.
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Description

Title of Invention: APPARATUS AND METHOD FOR SYN-

CHRONIZING AND OBTAINING SYSTEM INFORMATION IN
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WIRELESS COMMUNICATION SYSTEM
Technical Field

The present disclosure relates to a wireless communication system.
Background Art

In order to satisfy increasing demands on wireless data traffic, wireless commu-
nication systems are under development that support higher data transfer rates.
Techniques of 4th Generation (4G) systems, which are now being commercialized, are
being developed to improve spectral efficiency in general to increase the data transfer
rate. However, the techniques of improving the spectral efficiency are not enough to
satisfy the explosively increasing demands on the wireless data traffic.

In one method of solving the aforementioned problem, a significantly wide frequency
band is used. A frequency band used in a conventional mobile communication cellular
system at present is less than or equal to 10 GigaHertz (GHz) in general, and thus it is
very difficult to ensure a wide frequency band. Therefore, there is a need to ensure a
wideband frequency in a higher frequency band. However, the higher the frequency for
wireless communication, the greater the propagation path loss. Accordingly, a
propagation distance is relatively short, which results in a coverage decrease. As a
method of solving this problem, beamforming techniques are used to decrease the
propagation path loss and to increase the propagation distance.

Beamforming can be classified into Transmission (TX) beamforming performed in a
transmitting end and reception (RX) beamforming performed in a receiving end. In
general, the TX beamforming increases directivity by allowing an area in which
propagation reaches to be densely located in a specific direction by using a plurality of
antennas. In this situation, aggregation of the plurality of antennas can be referred to as
an antenna array, and each antenna included in the array can be referred to as an array
element. The antenna array can be configured in various forms such as a linear array, a
planar array, etc. The use of the TX beamforming results in the increase in the di-
rectivity of a signal, thereby increasing a propagation distance. Further, since the signal
is almost not transmitted in a direction other than a directivity direction, a signal in-
terference acting on another receiving end is significantly decreased. The receiving end
can perform beamforming on a RX signal by using a RX antenna array. The RX
beamforming decreases the RX signal strength transmitted in a specific direction by

allowing propagation to be concentrated in a specific direction, and excludes a signal
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transmitted in a direction other than the specific direction from the RX signal, thereby

providing an effect of blocking an interference signal.
As described above, in order to promote wide frequency bands, a super-high

frequency band, in other words, millimeter (mm) wave system, may be introduced. In
this situation, a beamforming technique is taken into consideration to overcome the
propagation path loss. In this technique, a signal subjected to beamforming is
transmitted and received starting from an initial access time point. Accordingly, there
is a need for a method in which a user terminal obtains synchronization and system in-

formation in an environment where beamforming is performed.
Disclosure of Invention

Solution to Problem

To address the above-discussed deficiencies of the prior art, it is a primary object to
provide at least the advantages described below. Accordingly, an aspect of the present
disclosure is to provide an apparatus and method for obtaining synchronization by
using a Synchronization Channel (SCH) subjected to beamforming in a wireless com-
munication system.

Another aspect of the present disclosure is to provide an apparatus and method for
obtaining system information from a Broadcast Channel (BCH) subjected to
beamforming in a wireless communication system.

Another aspect of the present disclosure is to provide an apparatus and method for
determining a preferred transmission beam and a preferred reception beam by using a
SCH.

Another aspect of the present disclosure is to provide an apparatus and method for
obtaining frame synchronization by using system information in a wireless commu-
nication system.

In accordance with an aspect of the present disclosure, a method of operating a base
station in a wireless communication system is provided. The method includes
generating a synchronization signal to be transmitted through a SCH, generating a
broadcast signal to be transmitted through a BCH, and transmitting repetitively the
SCH and the BCH by performing beamforming on the channels with different
transmission beams.

In accordance with another aspect of the present disclosure, a method of operating a
terminal in a wireless communication system is provided. The method includes
detecting at least one of SCHs repetitively transmitted by being beam-formed with
different transmission beams, and obtaining system information by using at least one
of BCHs repetitively transmitted by being beam-formed with different transmission

beams.
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In accordance with another aspect of the present disclosure, a base station apparatus
in a wireless communication system is provided. The apparatus includes a modem
configured to generate a synchronization signal to be transmitted through a SCH and
generate a broadcast signal to be transmitted through a BCH. The apparatus also
includes a beamforming unit configured to perform beamforming on the SCH and the
BCH with different transmission beams. The apparatus further includes a controller
configured to transmit repetitively the SCH and the BCH which are beam-formed with

the different transmission beams.
In accordance with another aspect of the present disclosure, a terminal apparatus in a

wireless communication system is provided. The apparatus includes a modem
configured to detect at least one of SCHs repetitively transmitted by being beam-
formed with different transmission beams. The apparatus also includes a controller
configured to obtain system information by using at least one of BCHs repetitively
transmitted by being beam-formed with different transmission beams.

Before undertaking the DETAILED DESCRIPTION OF THE INVENTION below,
it may be advantageous to set forth definitions of certain words and phrases used
throughout this patent document: the terms “include” and “comprise,” as well as
derivatives thereof, mean inclusion without limitation; the term “or,” is inclusive,
meaning and/or; the phrases “associated with” and “associated therewith,” as well as
derivatives thereof, may mean to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, or the like; and the term “controller” means any device, system or
part thereof that controls at least one operation, such a device may be implemented in
hardware, firmware or software, or some combination of at least two of the same. It
should be noted that the functionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. Definitions for certain words
and phrases are provided throughout this patent document, those of ordinary skill in the
art should understand that in many, if not most instances, such definitions apply to

prior, as well as future uses of such defined words and phrases.

Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the ac-
companying drawings, in which like reference numerals represent like parts:

FIGS. 1A and 1B illustrate an example of a cell structure in a wireless commu-
nication system according to an embodiment of the present disclosure;

FIG. 2 illustrates an example structure of a Synchronization Channel (SCH) and a
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Broadcast Channel (BCH) in a wireless communication system according to an em-

bodiment of the present disclosure;
FIG. 3 illustrates a method of determining a reception beam by using a SCH in a

wireless communication system according to an embodiment of the present disclosure;

FIG. 4 is a flowchart illustrating an operation of a base station in a wireless commu-
nication system according to an embodiment of the present disclosure;

FIG. 5 is a flowchart illustrating an operation of a terminal in a wireless commu-
nication system according to an embodiment of the present disclosure;

FIG. 6 is a block diagram illustrating a structure of a base station in a wireless com-
munication system according to an embodiment of the present disclosure; and

FIG. 7 is a block diagram illustrating a structure of a terminal in a wireless commu-

nication system according to an embodiment of the present disclosure.

Best Mode for Carrying out the Invention

FIGURES 1A through 7, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged wireless network.

The present disclosure relates to an apparatus and method for synchronizing and
obtaining system information in the wireless communication system. The present
disclosure described hereinafter relates to a technique for obtaining synchronization
from a Synchronization Channel (SCH) subjected to beamforming and for obtaining
system information from a Broadcast Channel (BCH) in a wireless communication
system.

The SCH is a resource period for delivering a synchronization signal for obtaining
time/frequency synchronization of a terminal, and has a pre-set fixed position on a
frame. The synchronization signal consists of a pre-agreed sequence, and can also be
referred to as a preamble, a midamble, etc. In the following description, remarks such
as “a SCH is transmitted/received”, “a synchronization signal is transmitted/received”,
and the like, are used for the same meaning.

The BCH is a resource period for delivering system information used to access and
communicate with a system, and has a pre-set fixed position on the frame. The BCH
can also be referred to as a frame header, a superframe header, etc. In the following de-
scription, remarks such as “a BCH is transmitted/received”, “a broadcast signal is
transmitted/received”, “system information is transmitted/received” or the like are used
for the same meaning.

In general, a mobile communication system adopts the concept of a “cell”. Ac-
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cordingly, a handover process is performed when a terminal moves from one cell to
another cell. Although it may differ depending on system characteristics, one Base
Station (BS) generally forms a plurality of sectors by using a plurality of sector
antennas. In addition, an “antenna area” is defined in the present disclosure as sub-
ordinated concept of the cell. The antenna area is a regional unit in which
beamforming is performed. In one cell, antenna areas are distinguished by antenna
identifiers (IDs). A beam index allocated to each TX beam is unique in one antenna
area. For each antenna area, at least one Radio Frequency (RF) chain and antenna area
can be allocated, or antenna elements belonging to one antenna array can be allocated
in a divided manner. Hereinafter, for convenience of explanation, a group of at least
one antenna for one antenna area is called an ‘antenna group’. That is, one antenna
group is allocated to one antenna area. Antenna groups can be arranged physically in
the same space or in separate spaces.

FIGS. 1A and 1B illustrate an example of a cell structure in a wireless commu-
nication system according to an embodiment of the present disclosure. FIG. 1A il-
lustrates a structure where each cell has one antenna area, and FIG. 1B illustrates a
structure where each cell has two antenna areas. Referring to FIGS. 1A and 1B, a BS
operates three cells, and each antenna area supports three TX beams. When
transmitting a SCH or a BCH, as shown in FIG. 1A, the BS changes a TX beam in one
cell and transmits three signals across three unit-time periods. Alternatively, as shown
in FIG. 1B, the BS can change a TX beam in one cell and transmit six signals across
three unit-time periods. That is, since two signals belonging to different antenna areas
are spatially multiplexed in the embodiment shown in FIG. 1B, the BS can simul-
taneously transmit signals in an antenna area-0 and an antenna area-1 by using
different antenna groups.

If each antenna area has the same number of TX beams, the greater the number of
antenna areas, the more efficiently the communication can be performed by the system
by using narrow beams. Alternatively, if each cell has the same number of TX beams,
the greater the number of antenna areas, the less the resource amount required by the
system for transmission of the SCH and the BCH. Although it is described in FIGS. 1A
and 1B that each antenna area has three TX beams, according to another embodiment
of the present disclosure, four or more TX beams having a narrower beam width can be
used.

FIG. 2 illustrates an example structure of a SCH and a BCH in a wireless commu-
nication system according to an embodiment of the present disclosure. It is assumed in
FIG. 2 that five TX beams are supported.

Referring to FIG. 2, a frame 210 includes a plurality of subframes 220. The subframe
220 is divided into a DownLink (DL) period 232 and an UpLink (UL) period 234.
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Although the DL period 232 and the UL period 234 are divided in a time axis in FIG.
2, according to another embodiment of the present disclosure, the DL period 232 and
the UL period 234 can be divided in a frequency axis. Some parts of the DL period 232
are defined as a SCH/BCH period 240. The SCH/BCH period 240 is included peri-
odically. In the embodiment of FIG. 2, the SCH/BCH period exists in every frame.

The SCH/BCH period 240 is located at a rear part of the DL period 232. That is, a
last symbol of a BCH-4 264 located at a rearmost part of the SCH/BCH period 240 is a
last symbol of the DL period 232. Therefore, synchronization of the frame 210 can be
obtained by determining a position of the last BCH 264. However, according to
another embodiment of the present disclosure, the SCH/BCH period 240 can be
arranged in the subframe 220 or the frame 210 in a distributed manner, or can be
located in a front or middle part of the DL period 232 instead of being located in the
rear part thereof. In addition, according to another embodiment of the present
disclosure, the SCH/BCH period 240 included in one DL period 232 may be plural in
number.

The SCH/BCH period 240 includes a plurality of SCHs 250-254 and a plurality of
BCHs 260-264. One SCH and one BCH are paired to each other. The SCH and BCH
included in one pair are beam-formed with a TX beam in the same direction. That is, a
SCH-0 250 and a BCH-0 260 are beam-formed in a TX beam in the same direction.
Further, five SCH/BCH pairs included in one frame 210 are beam-formed with a TX
beam in different directions. The number of SCH/BCH pairs can vary depending on
the number of TX beams supported by a BS. In FIG. 2, one SCH and one BCH which
are paired to each other are adjacent in a time axis. However, according to another em-
bodiment of the present disclosure, the SCH and the BCH which are paired to each
other can be spaced apart from each other by a length of a pre-set number of symbols.
For example, the plurality of SCHs 250-254 can be contiguously arranged, and the
plurality of BCHs 260-264 can be contiguously arranged. In addition, according to
another embodiment of the present disclosure, the plurality of SCHs 250-254 can
consist of two symbols respectively distinguished as a primary SCH and a secondary
SCH.

Synchronization signals transmitted through the SCHs 250-254 indicate cell IDs.
Further, if there are a plurality of antenna areas as shown in FIG. 1B, the synchro-
nization signals can further indicate antenna area IDs. The cell ID and the antenna area
ID can be indicated by using at least one of a sequence constituting the synchronization
signal, a position of a subcarrier to which the synchronization signal is mapped, a
scrambling code for the synchronization signal, and a covering code.

In addition, the SCHs 250-254 deliver synchronization signals which are beam-
formed by using different TX beams, and the different TX beams are identified by
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using beam IDs. According to one embodiment of the present disclosure, the beam IDs
can be indicated by using the SCHs 250-254. For example, the beam ID can be
indicated by using at least one of a sequence constituting the synchronization signal, a
position of a subcarrier to which the synchronization signal is mapped, a scrambling
code for the synchronization signal, and a covering code. According to another em-
bodiment of the present disclosure, the beam ID can be included in system information
transmitted through the BCHs 260-264. In this situation, a beam ID of a TX beam
applied to the SCH-0 250 is included in the system information transmitted through the
BCH-0 260. If the beam ID is transmitted through the BCHs 260-264, a synchro-
nization signal has a relatively simple structure, and thus a process of obtaining syn-
chronization becomes simple and clear. Otherwise, if the beam ID is indicated through
the SCHs 250-254, the same system information is transmitted through all of the BCHs
260-264. In this situation, since the same physical signal is generated from the system
information, the terminal can obtain a decoding gain by combining signals received
through the BCHs 260-264. However, even if the beam ID is transmitted through the
BCHs 260-264, when the beam ID is used as a scrambling code of the system in-
formation rather than one information item of the system information, the terminal can
increase the decoding gain by combining the signals after performing descrambling.
To obtain frame synchronization of the terminal, the system information includes in-
formation capable of determining a boundary of the SCH/BCH period 240. The SCH/
BCH period 240 has a fixed position in the frame. Therefore, when the position of the
SCH/BCH period 240 can be known, the terminal can determine the boundary of the
frame. The terminal can detect at least one of the SCHs 250 to 254 which are beam-
formed with different TX beams. However, one SCH is not enough to correctly know
the boundary of the SCH/BCH period 240. This is because the terminal cannot know
the number of SCHs other than the SCH detected by the terminal itself. Therefore,
after determining the number of SCHs by using the system information, in other
words, after determining the number of TX beams supported by the BS, the terminal
can determine the number of SCHs other than the SCH detected by the terminal itself
by using the number of TX beams, and can determine the boundary of the SCH/BCH
period 240. For example, as shown in FIG. 2, if the last symbol of the SCH/BCH
period 240 is the last symbol of the DL period 232, the terminal that detects the SCH-2
252 confirms that the number of TX beams is five by using the system information,
and determines that two more SCHs are present subsequently to the SCH-2 252. Ac-
cordingly, the terminal can determine a last symbol position of the SCH/BCH period
240, and can determine an end boundary of the DL period 232. If a positional relation
between the SCH/BCH period 240 and the boundary of the subframe 220 is not pre-
set, the positional relation between the SCH/BCH period 240 and the boundary of the
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subframe 220 can be delivered by using the system information.

It is illustrated in FIG. 2 that one DL period 232 and one UL period 234 are included
in the range of the subframe 220, and a group of a plurality of subframes 220 cor-
responds to the frame 210. However, according to another embodiment of the present
disclosure, the subframe 220 can be called a frame, and the frame 210 can be called a
superframe.

FIG. 3 illustrates a method of determining a RX beam by using a SCH in a wireless
communication system according to an embodiment of the present disclosure. It is
assumed in FIG. 3 that a BS supports four TX beams, and a terminal supports four RX
beams.

Referring to FIG. 3, the BS periodically transmits SCHs in every frame. That is, each
frame includes one TX period of the SCH. In this situation, during one frame, the BS
applies beamforming to the SCHs by using supportable TX beams. In other words, the
BS transmits the SCH four times in every frame, and four SCHs are beam-formed with
aTX beam A 311, aTX beam B 312, a TX beam C 313, and a TX beam D 314.

Accordingly, the terminal changes a RX beam in every frame and receives the SCHs
across a plurality of frames. For one example, if the terminal has only one RX RF
chain, the terminal performs beamforming by using one RX beam in every frame, and
receives the SCHs only during four frames. That is, as shown in FIG. 3, the terminal
performs RX beamforming by using the RX beam A 321 in a frame n, the RX beam B
322 in a frame n+1, the RX beam C 323 in a frame n+2, and the RX beam D 324 in a
frame n+3. For another example, if the terminal has two RX chains, the terminal
performs beamforming in every frame by using two RX beams, and receives the SCHs
during two frames. That is, as shown in FIG. 3, the terminal performs RX
beamforming by using the RX beam A 321 and the RX beam B 322 in the frame n, and
the RX beam C 323 and the RX beam D 324 in the frame n+1.

By using the aforementioned process, the terminal receives the SCHs by combining
all TX beams and RX beams. Accordingly, the terminal can determine one com-
bination which maximizes RX signal strength as an optimal TX beam and an optimal
RX beam.

A beam width of a TX beam used in the BS is not limited in the embodiment of FIG.
3. However, according to another embodiment of the present disclosure, the terminal
can determine the optimal TX beam by using TX beams having different beam widths
in a stepwise manner.

Hereinafter, an operation and structure of a terminal and a BS which use a SCH and a
BCH having the aforementioned structure will be described in detail with reference to
the accompanying drawings.

FIG. 4 is a flowchart illustrating an operation of a BS in a wireless communication
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system according to an embodiment of the present disclosure.

Referring to FIG. 4, the BS generates a synchronization signal in block 401. The syn-
chronization signal is a signal that includes a pre-set sequence transmitted through a
SCH. The synchronization signal indicates a cell ID. When the BS operates a plurality
of antenna areas in one cell, the synchronization signal further indicates an antenna
area ID. In this situation, the BS generates different synchronization signals for re-
spective antenna areas. In addition, according to one embodiment of the present
disclosure, the synchronization signals can indicate TX beam IDs to be applied. In this
situation, the BS generates different synchronization signals for respective TX beams
to be applied. The cell ID, the antenna area ID, and the TX beam ID can be indicated
by using at least one of a sequence constituting the synchronization signal, a position
of a subcarrier to which the synchronization signal is mapped, a scrambling code for
the synchronization signal, a covering code, etc. According to another embodiment of
the present disclosure, the TX beam ID can be indicated through a BCH, and in this
situation, the synchronization signals do not indicate the TX beam IDs to be applied.

In block 403, the BS encodes system information. In other words, the BS generates a
broadcast signal to be transmitted through the BCH. The system information includes
configuration information, system parameters, etc., used by the terminal to access the
BS. For example, the system information can include information for reporting the
number of TX beams supported by the BS, information capable of determining a
boundary of a SCH/BCH period, etc. If the position of the boundary of the SCH/BCH
period on the frame is not pre-set, the system information may further include in-
formation for reporting the position of the boundary of the SCH/BCH period on the
frame. According to one embodiment of the present disclosure, if the TX beam ID is
indicated by the SCH, the broadcast signal is not different for each TX beam but is
identical for each TX beam. Alternatively, according to another embodiment of the
present disclosure, if the TX beam ID is indicated through the BCH, the broadcast
signal is different for each TX beam. Specifically, the TX beam ID may be included as
one information item of the system information, or may be indicated in a form of a
scrambling applied to the system information.

In block 405, the BS repetitively transmits the synchronization signal and the
broadcast signal by performing beamforming on the signals by using different TX
beams. In other words, during one SCH/BCH period, the BS transmits SCHs and
BCHs which are beam-formed with different TX beams. Accordingly, one SCH/BCH
period includes pairs of the SCH and the BCH by the number of TX beams supported
by the BS. In this situation, when the BS operates a plurality of antenna areas in one
cell, the BS transmits simultaneously the SCH and the BCH in the antenna areas. That

is, since the antenna areas can be independently beam-formed, the BS forms one TX
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beam per antenna area, that is, forms simultaneously TX beams by the number of
antenna areas.

In block 407, the BS determines whether a TX period of the SCH/BCH is over. For
example, the TX period of the SCH/BCH may be a subframe, a frame, or a superframe.
That is, the SCH/BCH period is periodically arranged, and has a fixed position in the
frame. When the TX period of the SCH/BCH is over, the procedure returns to block
401. However, according to another embodiment of the present disclosure, the
previously generated synchronization signal and broadcast signal may be reused. In
this situation, the procedure returns to block 405.

Although not shown in FIG. 4, the BS may further perform a process of receiving a
feedback of a preferred TX beam ID from the terminal which receives the SCH and the
BCH. In this situation, the BS recognizes a preferred TX beam of the terminal, and
uses the preferred TX beam of the terminal when performing scheduling.

FIG. 5 is a flowchart illustrating an operation of a terminal in a wireless commu-
nication system according to an embodiment of the present disclosure.

Referring to FIG. 5, the terminal determines a preferred TX beam and a preferred RX
beam by using SCHs in block 501. The SCHs are periodically transmitted, and during
one period, SCHs beam-formed with different TX beams are repetitively transmitted.
For example, a TX period of the SCH may be a frame or a superframe. Therefore,
since the terminal changes a RX beam in every period during a plurality of periods and
receives the SCHs, the terminal can receive the SCHs by combining all of TX beams
and RX beams. Accordingly, the terminal can determine one combination which
maximizes RX signal strength as the preferred TX beam and the preferred RX beam.
In this situation, the number of RX beams that can be simultaneously applied by the
terminal may vary depending on the number of RX RF chains included in the terminal.

In block 503, the terminal obtains at least one of a cell ID, an antenna area ID, and a
TX beam ID by using the SCHs. A synchronization signal received through the SCH
indicates the cell ID. When the BS operates a plurality of antenna areas in one cell, the
synchronization signal further indicates the antenna area ID. In addition, according to
one embodiment of the present disclosure, the synchronization signals may indicate
TX beam IDs. The cell ID, the antenna area ID, and the TX beam ID can be indicated
by using at least one of a sequence constituting the synchronization signal, a position
of a subcarrier to which the synchronization signal is mapped, a scrambling code for
the synchronization signal, a covering code, etc. That is, the terminal can identify at
least one of the cell ID, the antenna area ID, and the TX beam ID by using at least one
of the sequence of the detected synchronization signal, the position of the subcarrier to
which the synchronization signal is mapped, the scrambling code for the detected syn-

chronization signal, the covering code, etc. According to another embodiment of the
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[54]

[55]

present disclosure, the TX beam ID can be indicated by using the BCH. In this
situation, the synchronization signals do not indicate the TX beam ID to be applied.

In block 505, the terminal decodes the BCH. The BCH is paired with the SCH. The
BCH is beam-formed with the same TX beam as the SCH paired with the BCH. The
BCH is spaced apart from the SCH which is paired with the BCH by a distance corre-
sponding to the pre-set number of symbols. For example, as shown in FIG. 2, the SCH
and the BCH which are paired to each other can be arranged in a contiguous manner.
Therefore, the terminal which detects the synchronization signal can determine a
position of a BCH beam-formed with the same TX beam from the synchronization
signal. In this situation, the terminal can apply the preferred RX beam determined in
block 501 to the BCH. The BCH delivers system information. The system information
includes configuration information, system parameters, etc., used by the terminal to
access the BS. According to one embodiment of the present disclosure, if the TX beam
ID is indicated by the SCH, the broadcast signal is not different for each TX beam but
is identical for each TX beam. Therefore, the terminal can increase a decoding gain by
combining a plurality of broadcast signals. Alternatively, according to another em-
bodiment of the present disclosure, if the TX beam ID is indicated through the BCH,
the broadcast signal is different for each TX beam. Specifically, the TX beam ID may
be included as one information item of the system information, or may be indicated in
a form of a scrambling applied to the system information. When the TX beam ID is
indicated in a form of a scrambling code, the terminal can increase a decoding gain by
combining a plurality of broadcast signals after performing descrambling.

In block 507, the terminal obtains frame synchronization. That is, the terminal de-
termines a boundary of a superframe, a frame, a subframe, etc., by using system in-
formation obtained through the BCH and a position of the detected synchronization
signal. That is, the terminal determines a boundary of a SCH/BCH period by using the
system information, and determines a boundary of the frame from the boundary of the
SCH/BCH period. For example, if an end boundary of the SCH/BCH period has a
fixed position in the frame, the terminal determines the number of SCHs by using the
system information, calculates the number of SCHs located subsequent to the SCH
detected by the terminal, determines the end boundary of the SCH/BCH period, and
determines the boundary of the frame according to a positional relation of the end
boundary and the frame. In this situation, if the position of the boundary of the SCH/
BCH period on the frame is not pre-set, the terminal can obtain information for
reporting the position of the boundary of the SCH/BCH period on the frame by using
the system information.

Although not shown in FIG. 5, the terminal can further perform a process of feeding
back a TX beam ID of the preferred TX beam determined in block 501.
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[57]

[58]

[59]

[60]

[61]

[62]

FIG. 6 is a block diagram illustrating a structure of a BS in a wireless communication
system according to an embodiment of the present disclosure.

Referring to FIG. 6, the BS includes a modem 610, a receiver 620, a TX RF chain
630, a beamforming unit 640, an antenna array 650, and a controller 660.

The modem 610 performs a conversion function between a baseband signal and a bit-
stream according to a physical layer standard of the system. For example, in an OFDM
scheme, in a data transmission process, the modem 610 generates complex symbols by
performing coding and modulation on a TX bit-stream, maps the complex symbols to
subcarriers, and then configures OFDM symbols by performing an Inverse Fast Fourier
Transform (IFFT) operation and a Cyclic Prefix (CP) insertion operation. In addition,
in a data reception process, the modem 610 splits the baseband signal on an OFDM
symbol basis, restores signals mapped to the subcarriers by using a Fast Fourier
Transform (FFT) operation, and then restores a RX bit-stream by performing de-
modulation and decoding. The receiver 620 converts an RF signal received from the
terminal into a baseband digital signal. Although not shown specifically, the receiver
620 includes an antenna, a RX RF chain, etc.

The TX RF chain 630 converts a baseband digital signal stream provided from the
modem 610 into an RF analog signal. For example, the TX RF chain 630 can include
an amplifier, a mixer, an oscillator, a Digital to Analog Converter (DAC), a filter, etc.
Only one TX RF chain 630 is illustrated in FIG. 6. However, according to another em-
bodiment of the present disclosure, the BS can include a plurality of TX RF chains. In
this situation, the BS can simultaneously form a plurality of TX beams by the number
of TX RF chains.

The beamforming unit 640 performs TX beamforming on a TX signal provided from
the TX RF chain 630. For example, the beamforming unit 640 includes a plurality of
phase converters, a plurality of amplifiers, and a signal adder. That is, the
beamforming unit 640 splits the TX signal provided from the TX RF chain 630 by the
number of the plurality of antennas included in the antenna array 650, and regulates a
phase and size of each of the split signals. The antenna array 650 is a group of a
plurality of antennas. The antenna array 650 includes a plurality of array elements, and
transmits signals provided from the beamforming unit 640 through a radio channel.

The controller 660 controls an overall function of the BS. For example, the controller
660 generates a TX traffic packet and message and provides it to the modem 610, and
interprets a RX traffic packet and message provided from the modem 610. In
particular, the controller 660 provides control to transmit a SCH and a BCH according
to one embodiment of the present disclosure. An operation of the controller 660 for
transmitting the SCH and the BCH will be described below.

The controller 660 controls the modem 610 to determine a sequence of a synchro-
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nization signal and to generate the synchronization signal by demodulating the
sequence. The synchronization signal indicates a cell ID. When the BS operates a
plurality of antenna areas in one cell, the synchronization signal further indicates an
antenna area ID. In this situation, the controller 660 generates different synchro-
nization signals for respective antenna areas. In addition, according to one embodiment
of the present disclosure, the synchronization signals can indicate TX beam IDs to be
applied. In this situation, the controller 660 generates different synchronization signals
for respective TX beams to be applied. The cell ID, the antenna area ID, and the TX
beam ID can be indicated by using at least one of a sequence constituting the synchro-
nization signal, a position of a subcarrier to which the synchronization signal is
mapped, a scrambling code for the synchronization signal, a covering code, etc.
According to another embodiment of the present disclosure, the TX beam ID can be
indicated through a BCH, and the synchronization signals do not indicate the TX beam
IDs to be applied.

Subsequently, the controller 660 controls the modem 610 to generate system in-
formation and to generate a broadcast signal by encoding and demodulating the
sequence. According to one embodiment of the present disclosure, if the TX beam ID
is indicated by the SCH, the broadcast signal is not different for each TX beam but is
identical for each TX beam. Alternatively, according to another embodiment of the
present disclosure, if the TX beam ID is indicated through the BCH, the broadcast
signal is different for each TX beam. Specifically, the TX beam ID may be included as
one information item of the system information, or may be indicated in a form of a
scrambling applied to the system information. The system information can include in-
formation for reporting the number of TX beams supported by the BS so that the
terminal can obtain frame synchronization.

The controller 660 controls the beamforming unit 640 to periodically transmit the
synchronization signal and the broadcast signal and to repetitively transmit the syn-
chronization signal and the broadcast signal during one period such that the repetitively
transmitted synchronization signals and broadcast signals are beam-formed with
different TX beams. In other words, during one SCH/BCH period, the controller 660
transmits SCHs and BCHs, which are beam-formed with different TX beams. In this
situation, when the BS operates a plurality of antenna areas in one cell, the controller
660 transmits simultaneously the SCH and the BCH in the antenna areas. When the BS
operates a plurality of antenna areas, the BS includes a plurality of TX RF chains, or
allocates antenna elements of the antenna array 650 to the plurality of antenna areas in
a divided manner.

In addition, the controller 660 controls the receiver 620 to receive a feedback of a
preferred TX beam ID from the terminal which receives the SCH and the BCH. The
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[70]

[71]

controller 660 recognizes a preferred TX beam of the terminal, and uses the preferred
TX beam of the terminal when performing scheduling.

FIG. 7 is a block diagram illustrating a structure of a terminal in a wireless commu-
nication system according to an embodiment of the present disclosure.

Referring to FIG. 7, the terminal includes an antenna array 710, a beamforming unit
720, a RX RF chain 730, a modem 740, a transmitter 750, and a controller 760.

The antenna array 710 is a group of antennas, and includes a plurality of array
elements. The beamforming unit 720 performs RX beamforming on a signal received
through a plurality of antennas which constitute the antenna array 710. For example,
the beamforming unit 720 includes a plurality of phase converters, a plurality of am-
plifiers, and a signal adder. That is, the beamforming unit 720 performs RX
beamforming by regulating and adding phases of signals received through the re-
spective antennas. The RX RF chain 730 converts an RF analog RX signal into a
baseband digital signal. For example, the RX RF chain 730 can include an amplifier, a
mixer, an oscillator, an Analog to Digital Converter (ADC), a filter, etc. Only one RX
RF chain 730 is illustrated in FIG. 7. However, according to another embodiment of
the present disclosure, the terminal can include a plurality of RX RF chains. In this
situation, the terminal can simultaneously form a plurality of RX beams by the number
of RX RF chains.

The modem 740 performs a conversion function between a baseband signal and a bit-
stream according to a physical layer standard of the system. For example, in an OFDM
scheme, in a data transmission process, the modem 740 generates complex symbols by
performing coding and modulation on a TX bit-stream, maps the complex symbols to
subcarriers, and then configures OFDM symbols by performing an IFFT operation and
a CP insertion operation. In addition, in a data reception process, the modem 740 splits
the baseband signal provided from the RX RF chain 730 on an OFDM symbol basis,
restores signals mapped to the subcarriers by using an FFT operation, and then restores
a RX bit-stream by performing demodulation and decoding. In particular, the modem
740 measures RX signal strength for synchronization signals transmitted from a BS.
More specifically, the modem 740 detects SCHs transmitted from the BS, measures
RX signal strength for each SCH, and then provides the RX signal strength to the
controller 760.

The transmitter 750 converts a TX signal provided from the modem 740 into a RF
signal and then transmits the RF signal to the BS. Although not shown specifically, the
transmitter 750 includes a TX RF chain, an antenna, etc.

The controller 760 controls an overall function of the terminal. For example, the
controller 760 generates a TX traffic packet and message and provides it to the modem

740, and interprets a RX traffic packet and message provided from the modem 740. In
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particular, the controller 760 provides control to determine preferred TX/RX beams by
detecting a SCH and a BCH and to obtain synchronization and system information. An
operation of the controller 760 for detecting the SCH and the BCH will be described
below.

The controller 760 determines a preferred TX beam and a preferred RX beam by
using SCHs transmitted from the BS. The controller 760 controls the beamforming unit
720 to change a RX beam in every period during a plurality of periods and to receive
the SCHs, and thus acquires RX signal strength for combinations of all of TX beams
and RX beams. Accordingly, the controller 760 can determine one combination which
maximizes RX signal strength as the preferred TX beam and the preferred RX beam.
In this situation, the number of RX beams that can be simultaneously applied by the
terminal may vary depending on the number of RX RF chains included in the terminal.
Further, the controller 760 can feed back a TX beam ID of the preferred TX beam by
using the transmitter 750.

The controller 760 obtains at least one of a cell ID, an antenna area ID, and a TX
beam ID by using the SCHs. A synchronization signal received through the SCH
indicates the cell ID. When the BS operates a plurality of antenna areas in one cell, the
synchronization signal further indicates the antenna area ID. In addition, according to
one embodiment of the present disclosure, the synchronization signals may indicate
TX beam IDs. That is, the controller 760 can identify at least one of the cell 1D, the
antenna area ID, and the TX beam ID by using at least one of the sequence of the syn-
chronization signal detected by the modem 740, the position of the subcarrier to which
the synchronization signal is mapped, the scrambling code for the detected synchro-
nization signal, the covering code, etc. According to another embodiment of the
present disclosure, the TX beam ID can be indicated by using the BCH. In this
situation, the synchronization signals do not indicate the TX beam ID to be applied.

The controller 760 controls the modem 740 to decode the BCH. The BCH is paired
with the SCH. The BCH is beam-formed with the same TX beam as the SCH paired
with the BCH. Therefore, the modem 740 which detects the synchronization signal de-
termines a position of a BCH beam-formed with the same TX beam from the synchro-
nization signal, decodes the BCH, and provides a decoding result of the BCH to the
controller 760. According to one embodiment of the present disclosure, if the TX beam
ID is indicated by the SCH, the broadcast signal is not different for each TX beam but
is identical for each TX beam. Therefore, in this situation, the modem 740 can increase
a decoding gain by combining signals received through a plurality of BCHs. Alter-
natively, according to another embodiment of the present disclosure, if the TX beam
ID is indicated through the BCH, the broadcast signal is different for each TX beam.

Specifically, the TX beam ID may be included as one information item of the system
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information, or may be indicated in a form of a scrambling applied to the system in-
formation. In this situation, the modem 740 can increase a decoding gain by combining
the signals received through the plurality of BCHs after performing descrambling.

[75] The controller 760 obtains frame synchronization. That is, the controller 760 de-
termines a boundary of a superframe, a frame, a subframe, etc., by using system in-
formation obtained through the BCH and a position of the detected synchronization
signal. That is, the controller 760 determines a boundary of a SCH/BCH period by
using the system information, and obtains the frame synchronization from the
boundary. For example, if an end boundary of the SCH/BCH period has a fixed
position in the frame, the controller 760 determines the number of SCHs by using the
system information, determines the number of SCHs located subsequent to the SCH
detected by the terminal, determines the end boundary of the SCH/BCH period, and
determines the boundary of the frame according to a positional relation of the end
boundary and the frame. In this situation, if the position of the boundary of the SCH/
BCH period on the frame is not pre-set, the controller 760 can obtain information for
reporting the position of the boundary of the SCH/BCH period on the frame by using
the system information.

[76] The present disclosure provides a process for obtaining synchronization by using a
SCH and a BCH which are subjected to beamforming and for obtaining system in-
formation in a wireless communication system. Therefore, beamforming can be
applied by using a process for obtaining initial synchronization, thereby enabling
effective communication.

[77] Embodiments of the present invention according to the claims and description in the
specification can be realized in the form of hardware, software or a combination of
hardware and software.

[78] Such software may be stored in a computer readable storage medium. The computer
readable storage medium stores one or more programs (software modules), the one or
more programs comprising instructions, which when executed by one or more
processors in an electronic device, cause the electronic device to perform methods of
the present invention.

[79] Such software may be stored in the form of volatile or non-volatile storage such as,
for example, a storage device like a ROM, whether erasable or rewritable or not, or in
the form of memory such as, for example, RAM, memory chips, device or integrated
circuits or on an optically or magnetically readable medium such as, for example, a
CD, DVD, magnetic disk or magnetic tape or the like. It will be appreciated that the
storage devices and storage media are embodiments of machine-readable storage that
are suitable for storing a program or programs comprising instructions that, when

executed, implement embodiments of the present invention. Embodiments provide a
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program comprising code for implementing apparatus or a method as claimed in any
one of the claims of this specification and a machine-readable storage storing such a
program. Still further, such programs may be conveyed electronically via any medium
such as a communication signal carried over a wired or wireless connection and em-

bodiments suitably encompass the same.
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Claims

A method of operating a base station in a wireless communication
system, the method comprising:

generating a synchronization signal to be transmitted through a Syn-
chronization Channel (SCH);

generating a broadcast signal to be transmitted through a Broadcast
Channel (BCH); and

transmitting repetitively the SCH and the BCH by performing
beamforming on the channels with different transmission beams.

The method of claim 1, wherein the repetitively transmitting of the
SCH and the BCH comprises:

forming a transmission beam for a first antenna area by using a first
antenna group among a plurality of antenna groups allocated re-
spectively to a plurality of antenna areas included in one cell; and
forming a transmission beam for a second antenna area by using a
second antenna group among the plurality of antenna groups.

The method of claim 2, wherein the repetitively transmitting of the
SCH and the BCH comprises forming simultaneously a transmission
beam for the first antenna area and a transmission beam for the second
antenna area.

The method of claim 2, wherein the synchronization signal indicates an
antenna area ID of an antenna area corresponding to an antenna group
which transmits the synchronization signal.

A method of operating a terminal in a wireless communication system,
the method comprising:

detecting at least one of Synchronization Channels (SCHs) repetitively
transmitted by being beam-formed with different transmission beams;
and

obtaining system information by using at least one of Broadcast
Channels (BCHs) repetitively transmitted by being beam-formed with
different transmission beams.

The method of claim 5, wherein the obtaining of the system in-
formation through at least one of the BCHs comprises:

combining broadcast signals received through at least two of the BCHs;
and

decoding the combined broadcast signals.

The method of claim 5, further comprising obtaining frame synchro-
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nization by using the system information.

The method of claim 7, wherein the obtaining of the frame synchro-
nization comprises:

determining a boundary of a period in which the SCHs and the BCHs
are repetitively transmitted by using the system information; and
determining a boundary of the frame from the boundary of the period.
The method of claim 8, wherein the determining of the boundary of the
period in which the SCHs and the BCHs are repetitively transmitted by
using the system information comprises:

determining the number of SCHs transmitted from a base station by
using the system information; and

calculating the number of SCHs located subsequent to the detected
SCH by using the number of transmission beams.

The method of claim 5, wherein the detecting of the at least one of
SCHs repetitively transmitted by being beam-formed with the different
transmission beams comprises:

detecting SCHs which are beam-formed with the same transmission
beam by applying different reception beams; and

determining a combination of a preferred transmission beam and a
preferred reception beam which minimize reception signal strength.
The method of claim 1 or claim 5, wherein a synchronization signal
received through the SCHs indicates at least one of a cell ID and a
transmission beam ID applied to the synchronization signal.

The method of claim 11, wherein at least one of the cell ID and the
transmission beam ID applied to the synchronization signal is indicated
by using at least one of: a sequence which constitutes the synchro-
nization signal, a position of a subcarrier to which the synchronization
signal is mapped, a scrambling code for the synchronization signal, and
a covering code.

The method of claim 1 or claim 5, wherein a broadcast signal received
through the BCH indicates a transmission beam ID applied to the
broadcast signal.

The method of claim 13, wherein the transmission beam ID is indicated
by using at least one of an information item included in the system in-
formation and a scrambling code applied to the system information.

An apparatus arranged to implement a method of one of claims 1 to 14.
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