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APPARATUS AND METHOD FOR SELECTING BEST BEAM IN WIRELESS 

COMMUNICATION SYSTEM 

1. Field of the Invention: 

[0001] The present invention relates to a wireless communication system. More 

particularly, the present invention relates to an apparatus and method for selecting the 

best beam in a wireless communication system which is performing beam forming.  

2. Background Art: 

[0002] To meet the ever-increasing demand for wireless data traffic, a wireless 

communication system is being developed to support a higher data transmission rate.  

To increase a data transmission rate, a 4th-Generation (4G) system that is now being 

commercialization pursued technology development mainly to improve spectral 

efficiency. However, it has become difficult to meet the explosively increasing 

demand of wireless data traffic with only the spectral efficiency improvement 

technology.  

[0003] A way for solving the above problem is using a very wide frequency 

band. A frequency band presently used in a mobile communication cellular system is 

generally 10 Giga Hertz (GHz) or less, and there is a great difficulty in securing a 

wide frequency band. Accordingly, there is a need to secure a broadband frequency at 

a higher frequency band. However, as a frequency for wireless communication 

increases, a propagation path loss increases. Due to this, a wave reach distance 

becomes relatively short, thereby causing a decrease of service coverage. One 

technology for solving this (i.e., for decreasing the propagation path loss to increase 

the wave reach distance) is a beamforming technology.  

[0004] The beamforming can be divided into transmit beamforming and receive 

beamforming. The transmit beamforming generally concentrates wave reach coverage 

on a specific direction using a plurality of antennas. Generally, a form of gathering the 

plurality of antennas is called an antenna array, and an individual antenna included in 

the antenna array is called an array element. If the transmit beamforming is applied, a 

signal transmission distance increases and simultaneously, a signal is concentrated in 

an intended direction (e.g., a signal is almost not transmitted in directions other than 

an intended direction). Accordingly, there is an advantage in which interference in 
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other users greatly decreases. The receive beamforming concentrates wave reception 

on a specific direction using a reception antenna array at reception side. Consequently, 

the sensitivity of a signal received in an intended direction is increased and, by 

excluding a signal coming in directions other than the intended direction, an 

interfering signal is cut off 

[0005] As described above, the introduction of a very high frequency (i.e., 

millimeter (mm)) wave system is expected to secure a wide frequency band. In this 

case, to overcome a propagation path loss, a beamforming technology is being taken 

into consideration. Accordingly, there should be proposed an alternative for 

effectively performing beamforming under a mobile communication environment in 

which users travel and a propagation environment changes.  

[0006] Therefore, a need exists for an apparatus and method for performing 

effective beamforming in a wireless communication system. In addition, a need exists 

for an alternative for decreasing a system overhead and simultaneously obtaining a 

sufficient antenna gain suitably using various beam patterns.  

[0007] The above information is presented as background information only to 

assist with an understanding of the present disclosure. No determination has been 

made, and no assertion is made, as to whether any of the above might be applicable as 

prior art with regard to the present invention.  

SUMMARY OF THE INVENTION 

[0008] Accordingly, an embodiment of the present invention provides an 

apparatus and method for performing effective beamforming in a wireless 

communication system.  

[0009] Another embodiment of the present invention provides an apparatus and 

method for selecting the best beam in a wireless communication system.  

[0010] A further embodiment of the present invention provides an apparatus 

and method for minimizing a signaling overhead for selection of the best beam in a 

wireless communication system.  

[0011] Another embodiment of the present invention provides an apparatus and 

method for selecting the best beam in a wireless communication system.  
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[0012] According to an aspect of the present invention, there is provided an 

operation method of a Base Station (BS) in a wireless communication system, the 

method comprising: transmitting, by the BS, primary reference signals having a first 

beam width; transmitting, by the BS, control information regarding an allocation of 

secondary reference signals; and transmitting, by the BS, the secondary reference 

signals having a second beam width, wherein the second beam width is narrower than 

the first beam width, and wherein each of the secondary reference signals is 

transmitted in a direction within a propagation range of one or more of the primary 

reference signals that are preferred by at least one terminal.  

[0013] According to another aspect of the present invention, there is provided 

an operation method of a terminal in a wireless communication system, the method 

comprising: receiving, by the terminal, at least one of primary reference signals 

having a first beam width; receiving, by the terminal, control information regarding an 

allocation of secondary reference signals; and receiving, by the terminal, at least one of 

the secondary reference signals having a second beam width, wherein the second 

beam width is narrower than the first beam width, and wherein each of the secondary 

reference signals is transmitted in a direction within a propagation range of one or 

more of the primary reference signals that are preferred by the terminal.  

[0014] According to a further another aspect of the present invention, there is 

provided an apparatus for operating a base station (BS) in a wireless communication 

system, the apparatus comprising: a transceiver configured to: transmit primary 

reference signals having a first beam width; transmit control information regarding an 

allocation of secondary reference signals; and transmit the secondary reference 

signals having a second beam width, wherein the second beam width is narrower than 

the first beam width, and wherein each of the secondary reference signals is 

transmitted in a direction within a propagation range of the one or more of the primary 

reference signals that are preferred by at least one terminal.  

[0015] According to a yet another aspect of the present invention, there is 

provided an apparatus for operating a terminal in a wireless communication system, 

the apparatus comprising: a transceiver configured to: receive at least one of primary 

reference signals having a first beam width; receive control information regarding an 

allocation of secondary reference signals; and receive at least one of the secondary 
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reference signals having a second beam width, wherein the second beam width is 

narrower than the first beam width, and wherein each of the secondary reference 

signals is transmitted in a direction within a propagation range of one or more of the 

primary reference signals that are preferred by the terminal.  

[0016] Other aspects, advantages, and salient features of the invention will 

become apparent to those skilled in the art from the following detailed description, 

which, taken in conjunction with the annexed drawings, discloses exemplary 

embodiments of the invention.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above and other aspects, features, and advantages of the present 

invention will become more apparent from the following description when taken in 

conjunction with the accompanying drawings, in which: 

[0018] FIG. 1 is a diagram illustrating an example of a beam pattern in a 

wireless communication system according to an exemplary embodiment of the present 

invention; 

[0019] FIG. 2 is a diagram schematically illustrating a beam acquisition 

procedure using only a narrow beam in a wireless communication system according to 

an exemplary embodiment of the present invention; 

[0020] FIGs. 3A and 3B are diagrams schematically illustrating a beam 

acquisition procedure using all of a wide beam and a narrow beam in a wireless 

communication system according to an exemplary embodiment of the present 

invention; 

[0021] FIG. 4 is a diagram illustrating signaling for beam acquisition in a 

wireless communication system according to a first exemplary embodiment of the 

present invention; 

[0022] FIG. 5 is a diagram illustrating signaling for beam acquisition in a 

wireless communication system according to a second exemplary embodiment of the 

present invention; 

[0023] FIG. 6 is a diagram illustrating signaling for beam acquisition in a 

wireless communication system according to a third exemplary embodiment of the 

present invention; 
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[0024] FIG. 7 is a flowchart illustrating an operation procedure of a Base 

Station (BS) for selection of the best beam in a wireless communication system 

according to an exemplary embodiment of the present invention; 

[0025] FIG. 8 is a flowchart illustrating an operation procedure of a terminal for 

selection of the best beam in a wireless communication system according to an 

exemplary embodiment of the present invention; 

[0026] FIG. 9 is a block diagram illustrating a construction of a BS in a 

wireless communication system according to an exemplary embodiment of the present 

invention; and 

[0027] FIG. 10 is a block diagram illustrating a construction of a terminal in a 

wireless communication system according to an exemplary embodiment of the present 

invention.  

[0028] Throughout the drawings, it should be noted that like reference numbers 

are used to depict the same or similar elements, features, and structures.  

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0029] The following description with reference to the accompanying drawings 

is provided to assist in a comprehensive understanding of exemplary embodiments of 

the invention as defined by the claims and their equivalents. It includes various 

specific details to assist in that understanding but these are to be regarded as merely 

exemplary. Accordingly, those of ordinary skill in the art will recognize that various 

changes and modifications of the embodiments described herein can be made without 

departing from the scope and spirit of the invention. In addition, descriptions of well

known functions and constructions may be omitted for clarity and conciseness.  

[0030] The terms and words used in the following description and claims are 

not limited to the bibliographical meanings, but, are merely used by the inventor to 

enable a clear and consistent understanding of the invention. Accordingly, it should be 

apparent to those skilled in the art that the following description of exemplary 

embodiments of the present invention is provided for illustration purpose only and not 

for the purpose of limiting the invention as defined by the appended claims and their 

equivalents.  
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[0031] It is to be understood that the singular forms "a," "an," and "the" include 

plural referents unless the context clearly dictates otherwise. Thus, for example, 

reference to "a component surface" includes reference to one or more of such 

surfaces.  

[0032] A technology for selecting the best beam in a wireless communication 

system according to exemplary embodiments of the present invention is described 

below. As an example, the following description is made for an Orthogonal Frequency 

Division Multiplexing / Orthogonal Frequency Division Multiple Access 

(OFDM/OFDMA) wireless communication system.  

[0033] According to exemplary embodiments of the present invention, a 

cellular system operating at a very high frequency band decreases a high propagation 

path loss by virtue of an antenna gain obtained through a beamforming technology.  

The beamforming technology is a technique for transmitting signals from a plurality 

of antennas so that the signals can be gathered to a specific direction. For this, a 

transmit end adjusts a phase of a signal transmitted from every each antenna, thereby 

concentrating the signals transmitted from all of the antennas on the specific direction 

and as a result, the transmit end is able to obtain a high antenna gain. A variable 

related to the antenna gain is the number of antennas used for transmitting the signals.  

As the number of antennas increases, an antenna gain can be increasingly obtained. As 

the number of antennas increases, a beam pattern or beam width formed by the 

multiple antennas gets narrower. For example, signals transmitted from the plurality 

of antennas are more intensively gathered to a specific direction, whereby a high 

antenna gain is obtained.  

[0034] FIG. 1 illustrates an example of a beam pattern in a wireless 

communication system according to an exemplary embodiment of the present 

invention.  

[0035] Referring to FIG. 1, a Base Station (BS) 100 is illustrated as transmitting 

a signal to a terminal A 110 and a terminal B 120. According to exemplary 

embodiments of the present invention, BS 100 transmits the signal to terminal A 110 

using a fewer number of antennas relative to the number of antennas that the BS 100 

uses for transmitting the signal to terminal B 120. If BS 100 transmits a signal using 

fewer antennas, a beam of a wide beam width is formed like a beam pattern 115 
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formed toward a terminal A 110. In such an example, because the signal is forwarded 

in a wide direction, an antenna gain in a specific direction is not high. In contrast, if 

the BS 100 transmits a signal using many antennas, a beam of a narrow beam width is 

formed like a beam pattern 125 formed toward a terminal B 120. In such an example, 

because a signal is not propagated in directions other than a specific direction, a high 

antenna gain is expected.  

[0036] In a case of constructing antennas to provide a wide beam width like the 

beam pattern 115, an antenna gain is low but it can support a wide direction, so there 

is an advantage of decreasing a system overhead necessary for beam acquisition. In 

contrast, in a case of constructing antennas to provide a narrow beam width like the 

beam pattern 125, a high antenna gain is expected but a serviceable area is small 

because of the narrow beam width, so there is a disadvantage of increasing a system 

overhead necessary for beam acquisition. Accordingly, there is a need for an 

alternative for decreasing a system overhead and simultaneously obtaining a sufficient 

antenna gain suitably using various beam patterns.  

[0037] A cellular system using a very high frequency band suffers large 

propagation path damage due to a frequency characteristic. Accordingly, the cellular 

system guarantees sufficient antenna gains for all of a control signal and a data signal.  

For this, a beam acquisition procedure for determining the best beam between a BS 

and a terminal is performed.  

[0038] FIG. 2 schematically illustrates a beam acquisition procedure using only 

a narrow beam in a wireless communication system according to an exemplary 

embodiment of the present invention.  

[0039] Referring to FIG. 2, a terminal A 210, a terminal B 220, and a terminal 

C 230 are located within one sector. A BS 200 beamforms reference signals to narrow 

beams, and repeatedly transmits a plurality of reference signals in all directions within 

the sector. For example, the BS 200 multiplexes and transmits a plurality of narrow 

beams heading toward different directions within the sector in a time or frequency 

division scheme. For example, the BS 200 turns a beam direction in the direction of an 

arrow illustrated in FIG. 2 while sequentially transmitting reference signals 

beamformed with narrow beams. The terminals 210, 220, and 230 each receive 

reference signals repeatedly transmitted through resources of a corresponding time 
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duration or frequency duration, and measure reception signal strengths for the 

respective reference signals. The terminals 210, 220, and 230 each select transmission 

beams having the maximum signal strengths, and notify the BS 200 of the 

corresponding selected transmission beams.  

[0040] In a case of the beam acquisition procedure illustrated in FIG. 2, due to a 

narrow beam width, the number of reference signals or transmissions thereof is 

relatively large, thereby causing a high system overhead. Accordingly, exemplary 

embodiments of the present invention further proposes a beam acquisition procedure 

capable of decreasing the number of reference signals or the transmissions thereof and 

simultaneously obtaining a sufficient antenna gain.  

[0041] FIGs. 3A and 3B schematically illustrate a beam acquisition procedure 

using all of a wide beam and a narrow beam in a wireless communication system 

according to an exemplary embodiment of the present invention. The beam acquisition 

procedure using all of the wide beam and the narrow beam comprises two steps. FIG.  

3A illustrates a 1st step of the beam acquisition procedure, and FIG. 3B illustrates a 

2nd step of the beam acquisition procedure.  

[0042] Referring to FIG. 3A, the 1st step of the beam acquisition procedure 

uses a beam having a wide beam width. For example, a BS 300 beamforms reference 

signals to wide beams, and repeatedly transmits the reference signals having wide 

beam widths in all directions within a sector through a resource of a constant time and 

frequency duration. In such an example, because the wide beams are used, the number 

of symbols necessary for repeated transmission of reference signals is decreased 

compared to the example illustrated in FIG. 2. According to this, terminals 310, 320, 

and 330 each measure reception signal strengths for reference signals and select wide 

beams having maximum reception signal strengths, as preferred- wide beams. At this 

time, the number of preferred- wide beams becomes different depending on a form of 

the distribution of the terminals located within one sector. For example, if all 

terminals are located intensively in the service coverage of one wide transmission 

beam, then only the one wide transmission beam is selected as a wide beam that the 

terminals all prefer. However, if terminals are uniformly distributed within one sector, 

then the whole wide transmission beams are selected as wide beams that the terminals 

each prefer. In FIG. 3A, the terminal A 310 and the terminal B 320 prefer a 2nd wide 
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beam, and the terminal C 330 prefers a 4th wide beam. For example, among the whole 

five wide beams, only the two wide beams are selected as preferred-wide beams.  

According to this, the terminals 310, 320, and 330 each notify the BS 300 of their own 

preferred-wide beams. That is, the terminals 310, 320, and 330 each feed back 

information indicating the preferred-wide beams, to the BS 300.  

[0043] Referring to FIG. 3B, the 2nd step of the beam acquisition procedure 

uses a beam having a narrow beam width. For example, the BS 300 beamforms 

reference signals to narrow beams, and repeatedly transmits the reference signals 

having narrow beam widths. At this time, the BS 300 determines a direction range to 

which the reference signals having the narrow beam widths are to be transmitted, 

considering the preferred-wide beam confirmed in the 1st step, and repeatedly 

transmits the reference signals having the narrow beam widths only within the 

determined range. For example, the BS 300 transmits the reference signals having the 

narrow beam widths only within a propagation range of at least one wide beam 

selected as a preferred-wide beam in the 1st step. It cannot be said that all terminals 

are always uniformly distributed within a sector. For example, the terminals can be 

distributed intensively in a partial area. Therefore, there is no need to transmit the 

reference signals having the narrow beam widths in all directions all the time.  

Through this, the BS 300 can exclude unnecessary transmission of reference signals.  

For example, when two wide beams that the terminals 310, 320, and 330 within the 

sector prefer are determined as in FIG. 3A, the BS 300 minutely turns a beam 

direction while sequentially transmitting the reference signals having the narrow beam 

widths to the terminals 310, 320, and 330 only within the propagation coverage of the 

two preferred-wide beams. Therefore, the terminals 310, 320, and 330 each measure 

reception signal strengths for the reference signals having the narrow beam widths, 

select narrow beams having maximum signal strengths as preferred-narrow beams, 

and notify the BS 300 of the preferred-narrow beams. As an example, the terminals 

310, 320, and 330 each feed back information indicating the preferred-narrow beams, 

to the BS 300.  

[0044] Through the procedures of FIG. 3A and FIG. 3B, each terminal can 

determine a preferred-narrow beam. For example, irrespective of the number of 

terminals, the number of preferred-wide beams is determined in a 1st step, and a 
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preferred-narrow beam in the direction of the preferred-wide beam is determined in a 

2nd step. Accordingly, if terminals are randomly distributed in the whole coverage 

within a sector, reference signals having narrow beam widths are transmitted only in a 

specific direction, such that the number of transmission of the reference signals is 

decreased. Because the 1st step uses wide beams, a burden of a system overhead is not 

large. Accordingly, in a case where a 2-step beam acquisition way of FIG. 3A and 

FIG. 3B is employed, a sufficient antenna gain can be obtained even with only a small 

overhead, depending on a position of a terminal within a sector.  

[0045] A detailed exemplary embodiment of the present invention for 

determining the best beam according to the aforementioned scheme is described 

below. For description convenience below, exemplary embodiments of the present 

invention refers to the 'reference signal beamformed with wide beam' as a 'wide 

beam reference signal', and refers to the 'reference signal beamformed with narrow 

beam' as a 'narrow beam reference signal'.  

[0046] In an exemplary embodiment of the present invention described below, 

it is assumed that a terminal is aware of system configuration information such as the 

number of wide beams used in a BS, the number of narrow beams corresponding to 

each wide beam, a position of a resource through which a wide beam is transmitted, a 

position of a resource through which a narrow beam is transmitted, and the like. For 

example, the system configuration information can be predefined and stored in the 

terminal at the time of terminal manufacturing, or can be provided to the terminal 

periodically during an initial entry process of the BS or through a Broadcast Channel 

(BCH). Also, in an exemplary embodiment of the present invention described below, 

even other information predefined between the BS and the terminal can be provided to 

the terminal as the system configuration information. Furthermore, in a case in which 

a BS according to an exemplary embodiment of the present invention can support all 

of exemplary embodiments described below and selectively carry out only one of the 

exemplary embodiments below, the BS can provide the terminal with indication 

information of notifying which exemplary embodiment the BS performs, as the 

system configuration information.  
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[0047] FIG. 4 illustrates signaling for beam acquisition in a wireless 

communication system according to an exemplary embodiment of the present 

invention.  

[0048] Referring to FIG. 4, in step 401, a BS 400 repeatedly transmits wide 

beam reference signals beamformed with wide beams, in all directions within a sector.  

The wide beam reference signals can be transmitted in a form of a synchronization 

channel, a preamble, a midamble and the like. As an example, exemplary 

embodiments of the present invention assume that all directions within one sector are 

supported by four wide beams. According to this, the BS 400 sequentially transmits 

four wide beam reference signals.  

[0049] As the wide beam reference signals are transmitted in all the directions 

within the sector, in step 403, a terminal 410 determines a preferred-wide beam, and 

feeds back information indicating the preferred-wide beam, to the BS 400. In other 

words, the terminal 410 measures a reception signal strength for each of the wide 

beam reference signals and determines, as the preferred-wide beam, a wide beam 

corresponding to a reference signal having a maximum reception signal strength. As 

an example, the terminal 410 determines which of the wide beam reference signals 

transmitted by the BS 400 corresponds to the preferred-wide beam. According to 

exemplary embodiments of the present invention, the terminal 410 can determine two 

or more wide beams as preferred-wide beams. For example, exemplary embodiments 

of the present invention assume that two wide beams are determined as the preferred

wide beams.  

[0050] After that, in step 405, the BS 400 receives information indicating 

preferred-wide beams from all terminals within a sector including the terminal 410 

and then, transmits beam pattern information notifying transmission patterns of 

narrow beam reference signals to be transmitted hereafter, to the terminals. The beam 

pattern information can be constructed in an indexing scheme, a bitmap scheme, and 

the like. In a case of a 2-step beam acquisition procedure according to an exemplary 

embodiment of the present invention, measurement durations during which narrow 

beam reference signals are transmitted are continuous irrespective of the results of 

selection of preferred-wide beams. Accordingly, a position of a frame during which 

narrow beam reference signals corresponding to each preferred-wide beam are



transmitted becomes different depending on the number of preferred-wide beams.  

However, the number and direction of the whole preferred-wide beams are known to 

only the BS 400, such that the terminal 410 cannot be aware of the number and 

direction of preferred-wide beams other than its own preferred-wide beam and 

accordingly, cannot be aware of the transmission patterns of the narrow beam 

reference signals. Therefore, the BS 400 provides information notifying the 

transmission patterns of the narrow beam reference signals to be transmitted hereafter, 

to the terminals.  

[0051] For example, if the terminal 410 can know whether narrow beam 

reference signals corresponding to a preferred-narrow beam are transmitted through 

any frames, in other words, if the terminal 410 can know a corresponding relationship 

between a preferred-wide beam and a frame, then the terminal 410 can detect the 

narrow beam reference signal only in frames corresponding to its own preferred-wide 

beam. Accordingly, the beam pattern information can include information notifying 

the corresponding relationship between the preferred-wide beam and the frame. Here, 

when a narrow beam reference signal is transmitted according to the order of an index 

of a wide beam, the corresponding relationship between the preferred-wide beam and 

the frame can be expressed by an index of at least one preferred-wide beam confirmed 

in the BS 400. Or, the corresponding relationship between the preferred-wide beam 

and the frame can be expressed by a combination of an index of each preferred-wide 

beam and an index of a corresponding frame.  

[0052] As another example, if the terminal 410 can know the number of narrow 

beam reference signals to be transmitted hereafter, the terminal 410 can detect all the 

narrow beam reference signals. Accordingly, the beam pattern information can include 

information notifying the number of narrow beam reference signals to be transmitted.  

Here, the number of narrow beam reference signals to be transmitted can be indirect 

expressed through the number of frames in which the narrow beam reference signals 

are to be transmitted, the number of preferred-wide beams, an index of the last one of 

frames in which the narrow beam reference signals are to be transmitted and the like.  

[0053] For example, the beam pattern information can include at least one of an 

index of a preferred-wide beam, a combination of an index of a preferred-wide beam 

and an index of a corresponding frame, the number of narrow beam reference signals 
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to be transmitted, the number of frames in which the narrow beam reference signals 

are to be transmitted, the number of preferred-wide beams, and an index of the last 

one of frames in which the narrow beam reference signals are to be transmitted.  

[0054] Next, in step 407 to step 413, the BS 400 determines a direction range 

over which it is to transmit narrow beam reference signals depending on at least one 

preferred-wide beam and then, repeatedly transmits the narrow beam reference signals 

within the determined range. The narrow beam reference signal can be transmitted in a 

form of a pilot symbol. In detail, the BS 400 determines a propagation range of the at 

least one preferred-wide beam as the direction range over which it is to transmit the 

narrow beam reference signals. And, the BS 400 minutely turns a beam direction 

within the determined range while sequentially transmitting the narrow beam 

reference signals. Here, exemplary embodiments of the present invention assume that 

one wide beam reference signal corresponds to four narrow beam reference signals, 

and that two narrow beam reference signals per frame are transmitted. In this case, as 

illustrated in FIG. 4, when two preferred-wide beams are selected, the BS 400 

transmits the total eight narrow beam reference signals through four frames (e.g., as 

illustrated at steps 407, 409, 411, and 413). According to another exemplary 

embodiment of the present invention, the frame of FIG. 4 can be substituted with a 

super frame. The super frame means a bundle of multiple frames.  

[0055] As the narrow beam reference signals are transmitted within the 

propagation ranges of the preferred-wide beams, in step 415, the terminal 410 

determines a preferred-narrow beam, and feeds back information indicating the 

preferred-narrow beam, to the BS 400. In other words, the terminal 410 measures a 

reception signal strength for each of the narrow beam reference signals and 

determines, as the preferred-narrow beam, a narrow beam corresponding to a 

reference signal having a maximum reception signal strength. At this time, the 

terminal 410 can grasp transmission patterns of the narrow beam reference signals 

through the beam pattern information, and detect the narrow beam reference signals 

according to the transmission patterns. Particularly, when the beam pattern 

information transmitted in step 405 includes information notifying a corresponding 

relationship between a preferred-wide beam and a frame, the terminal 410 can detect 
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the narrow beam reference signals only in frames corresponding to its own preferred

wide beam.  

[0056] In FIG. 4, the terminal 410 receives the last narrow beam reference 

signal in an (n+3)th frame, and feeds back information indicating a preferred-narrow 

beam to the BS 400 in the (n+3)th frame. But, a time point of feedback of the 

information indicating the preferred-narrow beam illustrated in FIG. 4 is one example 

and, according to another exemplary embodiment of the present invention, the 

terminal 410 can feed back the information indicating the preferred-narrow beam after 

the (n+3)th frame.  

[0057] FIG. 5 illustrates signaling for beam acquisition in a wireless 

communication system according to a second exemplary embodiment of the present 

invention.  

[0058] Referring to FIG. 5, in step 501, a BS 500 repeatedly transmits wide 

beam reference signals beamformed with wide beams, in all directions within a sector.  

The wide beam reference signals can be transmitted in a form of a synchronization 

channel, a preamble, a midamble, and the like. Here, the exemplary embodiment of 

the present invention assumes that all directions within one sector are supported by 

four wide beams. According to this, the BS 500 sequentially transmits four wide beam 

reference signals.  

[0059] As the wide beam reference signals are transmitted in all the directions 

within the sector, in step 503, a terminal 510 determines a preferred-wide beam, and 

feeds back information indicating the preferred-wide beam, to the BS 500. In other 

words, the terminal 510 measures a reception signal strength for each of the wide 

beam reference signals and determines, as the preferred-wide beam, a wide beam 

corresponding to a reference signal having a maximum reception signal strength. As 

an example, the terminal 510 determines which of the wide beam reference signals 

transmitted by the BS 500 corresponds to the preferred-wide beam. According to 

exemplary embodiments of the present invention, the terminal 510 can determine two 

or more wide beams as preferred-wide beams. An exemplary embodiment of the 

present invention assumes that two wide beams are determined as the preferred-wide 

beams.  
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[0060] After that, in step 505, the BS 500 receives information indicating 

preferred-wide beams from all terminals within a sector including the terminal 510 

and then, transmits beam pattern information notifying transmission patterns of 

narrow beam reference signals to be transmitted hereafter, to the terminals. The beam 

pattern information can be constructed in an indexing scheme, a bitmap scheme, and 

the like. In a case of a 2-step beam acquisition procedure according to an exemplary 

embodiment of the present invention, measurement durations during which narrow 

beam reference signals are transmitted are continuous irrespective of the results of 

selection of preferred-wide beams. Accordingly, a position of a frame during which 

narrow beam reference signals corresponding to each preferred-wide beam are 

transmitted becomes different depending on the number of preferred-wide beams.  

However, the number and direction of the whole preferred-wide beams are known to 

only the BS 500, such that the terminal 510 cannot be aware of the number and 

direction of preferred-wide beams other than its own preferred-wide beam and 

accordingly, cannot be aware of the transmission patterns of the narrow beam 

reference signals. Therefore, the BS 500 provides information notifying the 

transmission patterns of the narrow beam reference signals to be transmitted hereafter, 

to the terminals.  

[0061] For example, if the terminal 510 can know whether narrow beam 

reference signals corresponding to a preferred-narrow beam are transmitted through 

any frame, in other words, if the terminal 510 can know a corresponding relationship 

between a preferred-wide beam and a frame, the terminal 510 can detect the narrow 

beam reference signals only in a frame corresponding to its own preferred-wide beam.  

Accordingly, the beam pattern information can include information notifying the 

corresponding relationship between the preferred-wide beam and the frame. Here, 

when a narrow beam reference signal is transmitted according to the order of an index 

of a wide beam, the corresponding relationship between the preferred-wide beam and 

the frame can be expressed by an index of at least one preferred-wide beam confirmed 

in the BS 500. Or, the corresponding relationship between the preferred-wide beam 

and the frame can be expressed by a combination of an index of each preferred-wide 

beam and an index of a corresponding frame.  
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[0062] As another example, if the terminal 510 can know the number of narrow 

beam reference signals to be transmitted hereafter, the terminal 510 can detect all the 

narrow beam reference signals. Accordingly, the beam pattern information can include 

information notifying the number of narrow beam reference signals to be transmitted.  

Here, the number of narrow beam reference signals to be transmitted can be indirect 

expressed through the number of frames in which the narrow beam reference signals 

are to be transmitted, the number of preferred-wide beams, an index of the last one of 

frames in which the narrow beam reference signals are to be transmitted and the like.  

[0063] For example, the beam pattern information can include at least one of an 

index of a preferred-wide beam, a combination of an index of a preferred-wide beam 

and an index of a corresponding frame, the number of narrow beam reference signals 

to be transmitted, the number of frames in which the narrow beam reference signals 

are to be transmitted, the number of preferred-wide beams, and an index of the last 

one of frames in which the narrow beam reference signals are to be transmitted.  

[0064] Next, in step 507 and step 509, the BS 500 determines a direction range 

over which it is to transmit narrow beam reference signals depending on at least one 

preferred-wide beam and then, repeatedly transmits the narrow beam reference signals 

within the determined range. The narrow beam reference signal can be transmitted in a 

form of a pilot symbol. In detail, the BS 500 determines a propagation range of the at 

least one preferred-wide beam as the direction range over which it is to transmit the 

narrow beam reference signals. And, the BS 500 minutely turns a beam direction 

within the determined range while sequentially transmitting the narrow beam 

reference signals. Here, exemplary embodiments of the present invention assume that 

one wide beam reference signal corresponds to four narrow beam reference signals, 

and four narrow beam reference signals per frame are transmitted. In this case, as 

illustrated in FIG. 5, when two preferred-wide beams are selected, the BS 500 

transmits the total eight narrow beam reference signals through two frames (e.g., as 

illustrated at steps 507 and 509). According to another exemplary embodiment of the 

present invention, the frame of FIG. 5 can be substituted with a super frame. The 

super frame means a bundle of multiple frames.  

[0065] As the narrow beam reference signals are transmitted within the 

propagation ranges of the preferred-wide beams, in step 511, the terminal 510 
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determines a preferred-narrow beam, and feeds back information indicating the 

preferred-narrow beam, to the BS 500. In other words, the terminal 510 measures a 

reception signal strength for each of the narrow beam reference signals and 

determines, as the preferred-narrow beam, a narrow beam corresponding to a 

reference signal having a maximum reception signal strength. At this time, the 

terminal 510 can grasp transmission patterns of the narrow beam reference signals 

through the beam pattern information, and detect the narrow beam reference signals 

according to the transmission patterns. Particularly, when the beam pattern 

information transmitted in step 505 includes information notifying a corresponding 

relationship between a preferred-wide beam and a frame, the terminal 510 can detect 

the narrow beam reference signals only in a frame corresponding to its own preferred

wide beam.  

[0066] In FIG. 5, the terminal 510 receives the last narrow beam reference 

signal in an (n+1)th frame, and feeds back information indicating a preferred-narrow 

beam to the BS 500 in the (n+1)th frame. But, a time point of feedback of the 

information indicating the preferred-narrow beam illustrated in FIG. 5 is one example 

and, according to another exemplary embodiment of the present invention, the 

terminal 510 can feed back the information indicating the preferred-narrow beam after 

the (n+1)th frame.  

[0067] The comparison of the exemplary embodiment of the present invention 

illustrated in FIG. 4 and the exemplary embodiment of the present invention 

illustrated in FIG. 5 is given as follows. The exemplary embodiment of the present 

invention illustrated in FIG. 4 transmits two narrow beam reference signals per frame, 

and the exemplary embodiment of the present invention illustrated in FIG. 5 transmits 

four narrow beam reference signals per frame. According to this, in the exemplary 

embodiment of the present invention illustrated in FIG. 4, an overhead caused by 

reference signals per frame is relatively less. However, in the exemplary embodiment 

of the present invention illustrated in FIG. 4, a time required for completing 

transmission of narrow beam reference signals is relatively long. Accordingly, the 

exemplary embodiment of the present invention illustrated in FIG. 4 is advantageous 

to a service not sensitive to a time delay, and the exemplary embodiment of the 
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present invention illustrated in FIG. 5 is advantageous to a service guaranteeing a 

short time delay.  

[0068] FIG. 6 illustrates signaling for beam acquisition in a wireless 

communication system according to a third exemplary embodiment of the present 

invention.  

[0069] Referring to FIG. 6, in step 601, a BS 600 repeatedly transmits wide 

beam reference signals beamformed with wide beams, in all directions within a sector.  

The wide beam reference signals can be transmitted in a form of a synchronization 

channel, a preamble, a midamble, and the like. Here, the exemplary embodiment of 

the present invention assumes that all directions within one sector are supported by 

four wide beams. According to this, the BS 600 sequentially transmits four wide beam 

reference signals.  

[0070] As the wide beam reference signals are transmitted in all the directions 

within the sector, in step 603, a terminal 610 determines a preferred-wide beam, and 

feeds back information indicating the preferred-wide beam, to the BS 600. In other 

words, the terminal 610 measures a reception signal strength for each of the wide 

beam reference signals and determines, as the preferred-wide beam, a wide beam 

corresponding to a reference signal having a maximum reception signal strength. As 

an example, the terminal 610 determines which of the wide beam reference signals 

transmitted by the BS 600 corresponds to the preferred-wide beam. According to 

exemplary embodiments of the present invention, the terminal 610 can determine two 

or more wide beams as preferred-wide beams. An exemplary embodiment of the 

present invention assumes that two wide beams are determined as the preferred-wide 

beams.  

[0071] In the exemplary embodiment of the present invention illustrated in FIG.  

6, narrow beam reference signals are transmitted in a frame or super frame of a 

predefined position depending on a corresponding wide beam reference signal. For 

example, in a case in which narrow beam reference signals are transmitted during four 

frames after completion of feedback of preferred-wide beams, narrow beam reference 

signals to be transmitted in the direction of a 1st wide beam are transmitted during a 

1st frame, narrow beam reference signals to be transmitted in the direction of a 2nd 

wide beam are transmitted during a 2nd frame, narrow beam reference signals to be 
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transmitted in the direction of a 3rd wide beam are transmitted during a 3rd frame, and 

narrow beam reference signals to be transmitted in the direction of a 4th wide beam 

are transmitted during a 4th frame. Accordingly, when partial wide beams are not 

selected as preferred-wide beams, partial frames corresponding to the non-selected 

wide beams do not carry narrow beam reference signals. Accordingly, although 

terminals are not aware of the number of narrow beam reference signals transmitted 

hereafter, the terminals can determine that the narrow beam reference signals are 

transmitted in the direction of their own preferred-wide beams during frames 

corresponding to their own preferred-wide beams. Therefore, in contrast to the 

exemplary embodiments of the present invention illustrated in FIG. 4 and FIG. 5, in 

the exemplary embodiment illustrated in FIG. 6, the BS 600 does not transmit beam 

pattern information. In this case, information about a position of a frame during which 

narrow beams corresponding to each wide beam are transmitted can be periodically 

transmitted as system configuration information during an initial entry process of the 

terminal 610 or through a BCH. However, according to another exemplary 

embodiment of the present invention, the BS 600 can transmit beam pattern 

information, which represents a corresponding relationship between a wide beam and 

a frame, to a terminal to guarantee the certainty of a narrow beam reception operation 

of the terminal.  

[0072] Next, in step 605 and step 607, the BS 600 determines a direction range 

that is to transmit narrow beam reference signals and a frame depending on at least 

one preferred-wide beam and then, repeatedly transmits the narrow beam reference 

signals within the determined range through the determined at least one frame. The 

narrow beam reference signal can be transmitted in a form of a pilot symbol. In detail, 

the BS 600 determines a propagation range of the at least one preferred-wide beam as 

the direction range that is to transmit the narrow beam reference signals. And, the BS 

600 minutely turns a beam direction within the determined range while sequentially 

transmitting the narrow beam width reference signals through the determined at least 

one frame. Here, an exemplary embodiment of the present invention assumes that one 

wide beam reference signal corresponds to four narrow beam reference signals, and 

four narrow beam reference signals per frame are transmitted. In this case, as 

illustrated in FIG. 6, when a 2nd wide beam and a 4th wide beam are selected as 

- 19 -



preferred-wide beams, the BS 600 transmits four narrow beam reference signals 

within a propagation range of the 2nd wide beam through an (n+1)th frame, and four 

narrow beam reference signals within a propagation range of the 4th wide beam 

through an (n+3)th frame. According to another exemplary embodiment of the present 

invention, the frame of FIG. 6 can be substituted with a super frame. The super frame 

means a bundle of multiple frames.  

[0073] As the narrow beam reference signals are transmitted within the 

propagation ranges of the preferred-wide beams, in step 609, the terminal 610 

determines a preferred-narrow beam, and feeds back information indicating the 

preferred-narrow beam to the BS 600. In other words, the terminal 610 measures a 

reception signal strength for each of the narrow beam reference signals transmitted 

through the frame corresponding to its own preferred-wide beam and determines, as 

its own preferred-narrow beam, a narrow beam corresponding to a reference signal 

having a maximum reception signal strength.  

[0074] In FIG. 6, the terminal 610 receives the last narrow beam reference 

signal in the (n+3)th frame, and feeds back information indicating the preferred

narrow beam to the BS 600 in the (n+3)th frame. But, a time point of feedback of the 

information indicating the preferred-narrow beam illustrated in FIG. 6 is one example 

and, according to another exemplary embodiment of the present invention, the 

terminal 610 can feed back the information indicating the preferred-narrow beam after 

the (n+3)th frame.  

[0075] In the exemplary embodiments of the present invention described with 

reference to FIG. 4 to FIG. 6, a BS minimizes transmission ranges of narrow beam 

reference signals using a wide beam reference signal. However, when terminals are 

uniformly distributed within a cell or sector, the BS transmits narrow beam reference 

signals in all directions despite transmission of the wide beam reference signal. In this 

case, the process of transmitting the wide beam reference signal is not greatly 

meaningful. For example, when the terminals are uniformly distributed within the cell 

or sector, the wide beam reference signal undesirably rather increases a system 

overhead and a time delay.  

[0076] Accordingly, according to another exemplary embodiment of the present 

invention, before the execution of a beam acquisition procedure, a BS can determine 
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transmission or non-transmission of wide beam reference signal considering the 

distribution of terminals within a cell or sector. If it is determined that the terminals 

are uniformly distributed within the cell or sector, the BS omits the transmission of the 

wide beam reference signal, and transmits narrow beam reference signals in all 

directions within the cell or sector. In contrast, if it is determined that the terminals are 

randomly distributed within the cell or sector, as illustrated in FIG. 4 to FIG. 6, the BS 

determines a direction range that is to transmit narrow beam reference signals using a 

wide beam reference signal and then, transmits the narrow beam reference signals.  

[0077] For example, as a way of checking the distribution of terminals, a 

location based system can be considered. The location based system can measure a 

location of a terminal using Global Positioning System (GPS) signals or transmission 

signals of neighboring BSs. Or, as a way of checking the distribution of terminals, a 

BS can use a beam acquisition procedure according to an exemplary embodiment of 

the present invention without an additional procedure of checking the distribution of 

the terminals. That is, the beam acquisition procedure according to the exemplary 

embodiment of the present invention can be repeatedly executed periodically or 

randomly in a system operation process. Accordingly, the BS can determine if the 

distribution of the terminals is uniform using the measurement result of a previously 

executed beam acquisition procedure.  

[0078] Operations and constructions of a BS and a terminal performing a beam 

acquisition procedure as above are described below in detail with reference to the 

accompanying drawings.  

[0079] FIG. 7 illustrates an operation procedure of a BS for selection of the best 

beam in a wireless communication system according to an exemplary embodiment of 

the present invention.  

[0080] Referring to FIG. 7, in step 701, the BS determines if terminals are 

uniformly distributed within its service coverage. Here, the service coverage means a 

cell or sector. For example, whether the terminals are uniformly distributed within the 

service coverage can be determined based on location information of each terminal 

measured using GPS signals or signals of neighboring BSs. As another example, 

whether the terminals are uniformly distributed within the service coverage can be 

determined based on measurement information of a previously executed beam 
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acquisition procedure according to an exemplary embodiment of the present 

invention.  

[0081] If it is determined in step 701 that the terminals are uniformly 

distributed within the service coverage, the BS proceeds to step 703 and repeatedly 

transmits narrow beam reference signals in all directions within the service coverage.  

For example, the BS sequentially transmits reference signals beamformed with narrow 

beams of different directions, without performing the step of transmitting wide beam 

reference signals.  

[0082] In contrast, if it is determined in step 701 that the terminals are 

randomly distributed within the service coverage, in other words, when the terminals 

are concentrated on a specific coverage or do not exist in the specific coverage, the BS 

proceeds to step 705 and repeatedly transmits wide beam reference signals in all 

directions within the service coverage. For example, the BS sequentially transmits 

reference signals beamformed with wide beams of different directions. Here, the wide 

beam reference signal can be transmitted in a form of a synchronization channel, a 

preamble, a midamble, and the like.  

[0083] After transmitting the wide beam reference signals, the BS proceeds to 

step 707 and confirms a preferred-wide beam of at least one terminal through a 

feedback signal received from the at least one terminal. According to exemplary 

embodiments of the present invention, the feedback signal includes information 

indicating the preferred-wide beam of the terminal having transmitted the feedback 

signal. The information indicating the preferred-wide beam of the terminal can include 

an index of a reference signal or an index of a beam.  

[0084] After confirming the preferred-wide beam of the at least one terminal, 

the BS proceeds to step 709 and determines transmission patterns of narrow beam 

reference signals to be transmitted hereafter. The transmission pattern is an issue on 

whether to transmit any narrow beam reference signals, or whether to transmit narrow 

beam reference signals corresponding to any wide beam through any measurement 

duration. Here, the measurement duration is indicated by a frame or super frame. In 

other words, the BS determines whether to transmit any narrow beam reference 

signals depending on the preferred-wide beam of the at least one terminal, or whether 

to transmit narrow beam reference signals corresponding to any wide beam through 
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any measurement duration. For example, as illustrated in FIG. 4 and FIG. 5, in a case 

in which measurement durations during which narrow beam reference signals are 

transmitted are continuous irrespective of the results of selection of preferred-wide 

beams, the BS determines the number of measurement durations that are to transmit 

the narrow beam reference signals, depending on the number of preferred-wide beams 

of at least one terminal. And, the BS allocates the continuous measurement durations 

to the preferred-wide beams, and determines to transmit the narrow beam reference 

signals through the measurement duration allocated to the corresponding preferred

wide beam. As another example, as illustrated in FIG. 6, in a case in which the 

distribution of measurement durations during which narrow beam reference signals 

are transmitted becomes different depending on the results of selection of preferred

wide beams, the BS confirms a position of at least one measurement duration 

corresponding to a preferred-wide beam of at least one terminal according to a 

predefined corresponding relationship therebetween, and determines to transmit the 

narrow beam reference signals through the measurement duration corresponding to the 

corresponding preferred-wide beam.  

[0085] After determining the transmission patterns of the narrow beam 

reference signals, the BS proceeds to step 711 and transmits beam pattern information 

notifying the transmission patterns of the narrow beam reference signals. For example, 

the beam pattern information can include at least one of an index of a preferred-wide 

beam, a combination of an index of a preferred-wide beam and an index of a 

corresponding measurement duration, the number of narrow beam reference signals to 

be transmitted, the number of measurement durations during which narrow beam 

reference signals are to be transmitted, the number of preferred-wide beams, and an 

index of the last one of measurement durations during which narrow beam reference 

signals are to be transmitted. However, when a corresponding relationship between a 

preferred-wide beam and a measurement duration is predefined, step 711 can be 

omitted. For example, in a case of the exemplary embodiment of the present invention 

illustrated in FIG. 6, step 711 can be omitted.  

[0086] Next, the BS proceeds to step 713 and repeatedly transmits narrow beam 

reference signals within a propagation range of the preferred-wide beam. At this time, 

the BS transmits the narrow beam reference signals according to the transmission 
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patterns. For example, as illustrated in FIG. 4 and FIG. 5, the BS transmits narrow 

beam reference signals through continuous measurement durations. For another 

example, as illustrated in FIG. 6, the BS transmits narrow beam reference signals 

through measurement durations of a position corresponding to the preferred-wide 

beam.  

[0087] After repeatedly transmitting the narrow beam reference signals in step 

703 or step 713, the BS proceeds to step 715 and confirms a preferred-narrow beam of 

at least one terminal through a feedback signal received from the at least one terminal.  

The feedback signal includes information indicating the preferred-narrow beam of the 

at least one terminal having transmitted the feedback signal. The information 

indicating the preferred-narrow beam can include an index of a reference signal or an 

index of a beam.  

[0088] The method described above in relation with FIG. 7 under of the present 

invention may be provided as one or more instructions in one or more software 

modules, or computer programs stored in an electronic device including the BS.  

[0089] FIG. 8 illustrates an operation procedure of a terminal for selection of 

the best beam in a wireless communication system according to an exemplary 

embodiment of the present invention.  

[0090] Referring to FIG. 8, in step 801, the terminal measures a reception signal 

strength for wide beam reference signals received from a BS. The wide beam 

reference signals are repeatedly transmitted in all directions within the service 

coverage of the BS. The wide beam reference signals can be transmitted in a form of a 

synchronization channel, a preamble, and a midamble and the like.  

[0091] After measuring the reception signal strength for the wide beam 

reference signals, the terminal proceeds to step 803 and transmits a feedback signal 

notifying a preferred-wide beam of the terminal, to the BS. The feedback signal 

includes information indicating the preferred-wide beam of the terminal. The 

information indicating the preferred-wide beam of the terminal can include an index 

of a reference signal or an index of a beam. At this time, the terminal can determine 

two or more wide beams as preferred-wide beams.  

[0092] Next, the terminal proceeds to step 805 and confirms transmission 

patterns of narrow beam reference signals to be received hereafter. According to an 
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exemplary embodiment of the present invention, the terminal can determine the 

transmission patterns depending on beam pattern information provided from the BS.  

For example, the beam pattern information can include at least one of an index of a 

preferred-wide beam, a combination of an index of a preferred-wide beam and an 

index of a corresponding measurement duration, the number of reference signals 

beamformed with a 2nd width to be transmitted, the number of measurement durations 

during which reference signals beamformed with a 2nd width are to be transmitted, 

the number of preferred-wide beams, and an index of the last one of measurement 

durations during which reference signals beamformed with a 2nd width are to be 

transmitted. In detail, the terminal receives the beam pattern information notifying the 

transmission patterns from the BS, and determines the number of narrow beam 

reference signals to be received, through the beam pattern information. And, the 

terminal confirms a measurement duration allocated to its preferred-wide beam 

through the beam pattern information. Here, the measurement duration allocated to the 

preferred-wide beam is determined according to the order of an index of the preferred

wide beam that the terminal prefers among the whole preferred-wide beams.  

[0093] According to another exemplary embodiment of the present invention, 

the terminal confirms a measurement duration corresponding to a preferred-wide 

beam according to a predefined corresponding relationship therebetween. In detail, the 

terminal is aware of the predefined corresponding relationship between the preferred

wide beam and the measurement duration irrespective of the number and direction of 

preferred-wide beams and, according to this, the terminal can determine a 

corresponding measurement duration according to the order of an index of a preferred

wide beam that the terminal prefers.  

[0094] After confirming the transmission patterns of the narrow beam reference 

signals, the terminal proceeds to step 807 and measures a reception signal strength for 

narrow beam reference signals received from the BS. At this time, when confirming a 

measurement duration allocated to a preferred-wide beam using the beam pattern 

information, the terminal can detect narrow beam reference signals only during the 

measurement duration and measure a reception signal strength for the narrow beam 

reference signals. Also, when confirming a measurement duration allocated to a 

preferred-wide beam according to a predefined corresponding relationship 
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therebetween, the terminal can detect narrow beam reference signals only during the 

measurement duration and measure the reception signal strength for the narrow beam 

reference signals. Also, when confirming only the number of narrow beam reference 

signals through the beam pattern information, the terminal can detect all the narrow 

beam reference signals during a measurement duration corresponding to the number 

of narrow beam reference signals and measure a reception signal strength for the 

narrow beam reference signals.  

[0095] After measuring the reception signal strength for the narrow beam 

reference signals, the terminal proceeds to step 809 and transmits a feedback signal 

notifying the preferred-narrow beam to the BS. The feedback signal includes 

information indicating the preferred-narrow beam of the terminal. The information 

indicating the preferred-narrow beam of the terminal can include an index of a 

reference signal or an index of a beam.  

[0096] The method described above in relation with FIG. 9 under of the present 

invention may be provided as one or more instructions in one or more software 

modules, or computer programs stored in an electronic device including the terminal.  

[0097] FIG. 9 illustrates a construction of a BS in a wireless communication 

system according to an exemplary embodiment of the present invention.  

[0098] Referring to FIG. 9, the BS includes a controller 910, a modem 920, a 

transmission Radio Frequency (RF) chain 930, a beamforming unit 940, an antenna 

array 950, and a receiver 960.  

[0099] The modem 920 performs a function of conversion between a baseband 

signal and a bit stream according to the physical layer standard of the system. For 

example, according to an OFDM scheme, at data transmission, the modem 920 creates 

complex symbols by encoding and modulating a transmission bit stream, maps the 

complex symbols to subcarriers, and then constructs OFDM symbols through Inverse 

Fast Fourier Transform (IFFT) operation and Cyclic Prefix (CP) insertion. Also, at 

data reception, the modem 920 divides a baseband signal in the unit of OFDM 

symbol, restores signals mapped to subcarriers through Fast Fourier Transform (FFT) 

operation, and restores a reception bit stream through demodulation and decoding.  

The receiver 960 converts an RF signal received from a terminal into a baseband 
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digital signal. Although not illustrated in detail, the receiver 960 includes an antenna, 

a reception RF chain and the like.  

[00100] The transmission RF chain 930 converts a baseband digital signal stream 

provided from the modem 920 into an RF band analog signal. For instance, the 

transmission RF chain 930 can include an amplifier, a mixer, an oscillator, a Digital to 

Analog Converter (DAC), a filter, and the like. The BS can simultaneously form as 

many transmission beams as the number of the transmission RF chains 930.  

[00101] The beamforming unit 940 performs transmit beamforming for a 

transmission signal provided from the transmission RF chain 930. For example, the 

beamforming unit 940 includes a plurality of phase converters, a plurality of 

amplifiers, and a signal summing unit. That is, the beamforming unit 940 divides a 

transmission signal provided from each of the transmission RF chains 930 as many as 

a plurality of antennas included in the antenna array 950, and adjusts a phase of each 

of the divided signals. Also, the beamforming unit 940 sums up signals to be 

transmitted by the same antenna. The antenna array 950 is a set of the plurality of 

antennas, and includes a plurality of array elements and radiates signals provided from 

the beamforming unit 940 over a wireless channel.  

[00102] The controller 910 controls a general operation of the BS. For example, 

the controller 910 generates and provides a transmission traffic packet and a message 

to the modem 920, and interprets a reception traffic packet and a message provided 

from the modem 920. Particularly, the controller 910 controls to perform a beam 

acquisition procedure. An operation of the controller 910 for the beam acquisition 

procedure is described as follows.  

[00103] The controller 910 determines if terminals are uniformly distributed 

within the service coverage of the BS. When the terminals are uniformly distributed 

within the service coverage of the BS, the controller 910 controls the modem 920 and 

the beamforming unit 940 to repeatedly transmit narrow beam reference signals in all 

directions within the service coverage. In contrast, when the terminals are randomly 

distributed within the service coverage of the BS, the controller 910 controls the 

modem 920 and the beamforming unit 940 to repeatedly transmit wide beam reference 

signals in all directions within the service coverage. And, the controller 910 

determines a direction range that is to transmit narrow beam reference signals 
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depending on preferred-wide beams of terminals and then, controls the modem 920 

and the beamforming unit 940 to transmit the narrow beam reference signals within 

the determined range. And, the controller 910 confirms preferred-wide beams that the 

terminals prefer and preferred-narrow beams that the terminals prefer, through a 

feedback signal received through the receiver 960.  

[00104] When transmitting the narrow beam reference signals, the controller 910 

determines transmission patterns of the narrow beam reference signals. For example, 

as illustrated in FIG. 4 and FIG. 5, when measurement durations during which narrow 

beam reference signals are transmitted are continuous irrespective of the results of 

selection of preferred-wide beams, the controller 910 determines the number of 

measurement durations that are to transmit the narrow beam reference signals, 

depending on the number of preferred-wide beams of at least one terminal. And, the 

controller 910 allocates the continuous measurement durations to the preferred-wide 

beams, and determines to transmit narrow beam reference signals through a 

measurement duration allocated to a corresponding preferred-wide beam. For another 

example, as illustrated in FIG. 6, when the distribution of measurement durations 

during which narrow beam reference signals are transmitted becomes different 

depending on the results of selection of preferred-wide beams, the controller 910 

confirms a position of at least one measurement duration corresponding to a preferred

wide beam of at least one terminal according to a predefined corresponding 

relationship therebetween, and determines to transmit narrow beam reference signals 

through a measurement duration corresponding to a corresponding preferred-wide 

beam. After determining the transmission patterns of the narrow beam reference 

signals, the controller 910 transmits beam pattern information notifying the 

transmission patterns of the narrow beam reference signals. However, when a 

corresponding relationship between a preferred-wide beam and a measurement 

duration is predefined, transmission of the beam pattern information can be omitted.  

[00105] FIG. 10 illustrates a construction of a terminal in a wireless 

communication system according to an exemplary embodiment of the present 

invention.  
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[00106] As illustrated in FIG. 10, the terminal includes an antenna array 1010, a 

beamforming unit 1020, a reception RF chain 1030, a modem 1040, a transmitter 

1050, and a controller 1060.  

[00107] The antenna array 1010 is a set of a plurality of antennas, and includes a 

plurality of array elements. The beamforming unit 1020 performs receive 

beamforming for signals received through the plurality of antennas constructing the 

antenna array 1010. For example, the beamforming unit 1020 includes a plurality of 

amplifiers, a plurality of phase converters, and a signal summing unit. For example, 

the beamforming unit 1020 adjusts and sums up phases of the signals received through 

the plurality of antennas, thereby performing the receive beamforming. The reception 

RF chain 1030 converts an RF-band analog reception signal into a baseband digital 

signal. For example, the reception RF chain 1030 can include an amplifier, a mixer, an 

oscillator, an Analog to Digital Converter (ADC), a filter, and the like.  

[00108] The modem 1040 performs a function of conversion between a baseband 

signal and a bit stream according to the physical layer standard of the system. For 

example, according to an OFDM scheme, at data transmission, the modem 1040 

creates complex symbols by encoding and modulating a transmission bit stream, maps 

the complex symbols to subcarriers, and then constructs OFDM symbols through 

IFFT operation and CP insertion. Also, at data reception, the modem 1040 divides a 

baseband signal provided from the reception RF chain 1030 in the unit of OFDM 

symbol, restores signals mapped to subcarriers through FFT operation, and restores a 

reception bit stream through demodulation and decoding.  

[00109] Particularly, the modem 1040 measures a reception signal strength for 

reference signals received from a BS. In detail, the modem 1040 detects wide beam 

reference signals and narrow beam reference signals received from the BS, measures a 

reception signal strength for each of the reference signals, and then provides the 

measured reception signal strengths of the reference signals to the controller 1060. At 

this time, the modem 1040 detects the narrow beam reference signals according to 

control of the controller 1060. For example, when confirming a measurement duration 

allocated to a preferred-wide beam using beam pattern information provided from the 

BS, the modem 1040 can detect narrow beam reference signals only during the 

measurement duration, and measure reception signal strengths of narrow beam 
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reference signals. Also, when confirming a measurement duration allocated to a 

preferred-wide beam according to a predefined corresponding relationship 

therebetween, the modem 1040 can detect narrow beam reference signals only during 

the measurement duration, and measure reception signal strengths of the narrow beam 

reference signals. Also, when confirming only the number of narrow beam reference 

signals through the beam pattern information, the modem 1040 can detect all the 

narrow beam reference signals during a measurement duration corresponding to the 

number of narrow beam reference signals, and measure reception signal strengths of 

the narrow beam reference signals.  

[00110] The transmitter 1050 converts a transmission signal provided from the 

modem 1040 into an RF band signal and transmits the RF band signal to the BS.  

Although not illustrated in detail, the transmitter 1050 includes a transmission RF 

chain, an antenna and the like.  

[00111] The controller 1060 controls a general function of the terminal. For 

instance, the controller 1060 generates and provides a transmission traffic packet and 

a message to the modem 1040, and interprets a reception traffic packet and a message 

provided from the modem 1040. Particularly, the controller 1060 controls to perform a 

beam acquisition procedure. An operation of the controller 1060 for the beam 

acquisition procedure is described as follows.  

[00112] The controller 1060 determines a preferred-wide beam and a preferred

narrow beam using reception signal strengths of wide beam reference signals and 

narrow beam reference signals received from the BS. And, the controller 1060 

transmits a feedback signal notifying the preferred-wide beam and a feedback signal 

notifying the preferred-narrow beam, to the BS through the transmitter 1050.  

Particularly, the controller 1060 confirms transmission patterns of narrow beam 

reference signals, for the sake of detection of the narrow beam reference signals.  

According to an exemplary embodiment of the present invention, the controller 1060 

can determine transmission patterns of narrow beam reference signals depending on 

beam pattern information provided from the BS. In detail, the controller 1060 receives 

the beam pattern information notifying the transmission patterns of the narrow beam 

reference signals from the BS and, through the beam pattern information, determines 

the number of narrow beam reference signals to be transmitted. And, the controller 
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1060 confirms a measurement duration allocated to the preferred-wide beam through 

the beam pattern information. Here, the measurement duration allocated to the 

preferred-wide beam is determined according to the order of an index of a preferred

wide beam that the terminal prefers among the whole preferred-wide beams.  

According to another exemplary embodiment of the present invention, the controller 

1060 confirms a measurement duration corresponding to a preferred-wide beam 

according to a predefined corresponding relationship therebetween. In detail, the 

controller 1060 is aware of a predefined corresponding relationship between a 

preferred-wide beam and a measurement duration irrespective of the number and 

direction of preferred-wide beams and, according to this, the controller 1060 can 

confirm a corresponding measurement duration according to the order of an index of a 

preferred-wide beam that the terminal prefers among the whole preferred-wide beams.  

[00113] It will be appreciated that 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.  

[00114] Any 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 a method of the present invention.  

[00115] Any 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.  

[00116] Accordingly, embodiments provide a 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, 
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such programs may be conveyed electronically via any medium such as a 

communication signal carried over a wired or wireless connection and embodiments 

suitably encompass the same.  

[00117] The present invention may be implemented in an electronic device 

including a portable terminal such as, for example, a smart phone and a mobile 

telecommunication terminal. Hereunder, a portable terminal is used as an example for 

the electronic device.  

[00118] As described above, exemplary embodiments of the present invention 

determine transmission ranges of reference signals beamformed with narrow beams 

for high gain using a wide beam inducing a relatively less overhead, thereby being 

able to determine the best beam by a minimum overhead.  

[00119] While the invention has been shown and described with reference to 

certain preferred embodiments thereof, it will be understood by those skilled in the art 

that various turns in form and details may be made therein without departing from the 

spirit and scope of the invention as defined by the appended claims and their 

equivalents.  

[00120] In the claims which follow and in the preceding description of the 

invention, except where the context requires otherwise due to express language or 

necessary implication, the word "comprise" or variations such as "comprises" or 

"comprising" is used in an inclusive sense, i.e. to specify the presence of the stated 

features but not to preclude the presence or addition of further features in various 

embodiments of the invention.  

[00121] It is to be understood that, if any prior art publication is referred to 

herein, such reference does not constitute an admission that the publication forms a 

part of the common general knowledge in the art, in Australia or any other country.  
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CLAIMS: 

1. An operation method of a Base Station (BS) in a wireless communication system, the 

method comprising: 

transmitting, by the BS, primary reference signals having a first beam width; 

transmitting, by the BS, control information regarding an allocation of secondary 

reference signals; and 

transmitting, by the BS, the secondary reference signals having a second beam width, 

wherein the second beam width is narrower than the first beam width, and 

wherein each of the secondary reference signals is transmitted in a direction within a 

propagation range of one or more of the primary reference signals that are preferred by at 

least one terminal.  

2. The method of claim 1, wherein the transmitting of the secondary reference signals 

comprises: 

determining a total number of frames carrying the secondary reference signals based 

on a total number of the one or more of the primary reference signals; and 

transmitting the secondary reference signals through the frames.  

3. The method of claim 1, further comprising: 

receiving feedback information indicating the one or more of the primary reference 

signals.  

4. An operation method of a terminal in a wireless communication system, the method 

comprising: 

receiving, by the terminal, at least one of primary reference signals having a first 

beam width; 

receiving, by the terminal, control information regarding an allocation of secondary 

reference signals; and 

receiving, by the terminal, at least one of the secondary reference signals having a 

second beam width, 

wherein the second beam width is narrower than the first beam width, and 

wherein each of the secondary reference signals is transmitted in a direction within a 

propagation range of one or more of the primary reference signals that are preferred by the 

terminal.  
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5. The method of claim 4, wherein the receiving of the at least one of the secondary 

reference signals comprises: 

identifying at least one frame corresponding to the at least one primary reference 

signal; and 

detecting the at least one of the secondary reference signals during the at least one 

frame.  

6. The method of claim 4, further comprising; 

transmitting feedback information indicating the one or more of the primary reference 

signals.  

7. An apparatus for operating a base station (BS) in a wireless communication system, 

the apparatus comprising: 

a transceiver configured to: 

transmit primary reference signals having a first beam width; 

transmit control information regarding an allocation of secondary reference 

signals; and 

transmit the secondary reference signals having a second beam width, 

wherein the second beam width is narrower than the first beam width, and 

wherein each of the secondary reference signals is transmitted in a direction within a 

propagation range of the one or more of the primary reference signals that are preferred by at 

least one terminal.  

8. The apparatus of claim 7, further comprising: 

a controller configured to determine a total number of frames carrying the secondary 

reference signals based on a total number of the one or more of the primary reference signals, 

and control the transceiver to transmit the secondary reference signals through the frames.  

9. The apparatus of claim 7, wherein the transceiver is further configured to receive 

feedback information indicating the one or more of the primary reference signals.  

10. An apparatus for operating a terminal in a wireless communication system, the 

apparatus comprising: 

a transceiver configured to: 

receive at least one of primary reference signals having a first beam width; 
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receive control information regarding an allocation of secondary reference 

signals; and 

receive at least one of the secondary reference signals having a second beam 

width, 

wherein the second beam width is narrower than the first beam width, and 

wherein each of the secondary reference signals is transmitted in a direction within a 

propagation range of one or more of the primary reference signals that are preferred by the 

terminal.  

11. The apparatus of claim 10, further comprising: 

a controller configured to identify at least one frame corresponding to the at least one 

primary reference signal, and detect the at least one of the secondary reference signals during 

the at least one frame.  

12. The apparatus of claim 10, wherein the transceiver is further configured to transmit 

feedback information indicating the one or more of the primary reference signals.  

13. The method of claim 1 or 4, wherein a number of the secondary reference signals per 

frame is determined based on properties of a service.  

14. The method of claim 1 or 4, wherein a number of the secondary reference signals per 

frame is determined based on a time delay and an overhead.  

15. The method of claim 1 or 4, wherein the control information comprises at least one of: 

at least one index of the one or more of the primary reference signals; 

at least one combination of at least one index of the one or more of the primary 

reference signals and at least one index of a corresponding at least one frame; 

a total number of the secondary reference signals; 

a total number of frames carrying the secondary reference signals; 

a total number of the one or more of the primary reference signals, or an index of the 

last one of the frames.  

16. The apparatus of claim 7 or 10, wherein a number of the secondary reference signals 

per frame is determined based on properties of a service.  
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17. The apparatus of claim 7 or 10, wherein a number of the secondary reference signals 

per frame is determined based on a time delay and an overhead.  

18. The apparatus of claim 7 or 10, wherein the control information comprises at least one 

of: 

at least one index of the one or more of the primary reference signals; 

at least one combination of at least one index of the one or more of the primary 

reference signals and at least one index of a corresponding at least one frame; 

a total number of the secondary reference signals; 

a total number of frames carrying the secondary reference signals; 

a total number of the one or more of the primary reference signals, or an index of the 

last one of the frames.  

- 36 -
























	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

