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COMMUNICATION METHOD AND DEVICE USING BEAMFORMING IN 

WIRELESS COMMUNICATION SYSTEM 

Field of Invention 

5 The present disclosure relates to transmission/reception of a signal in a 

communication system, and more particularly to a method and an apparatus for 

tmasmitting/receiving a signal through a plurality of beams in a beamforming-based 

wireless mobile communication system.  

10 Background 

A wireless communication system has been developed in the direction of 

supporting a higher data transmission rate so as to meet wireless data traffic 

demands which have continuously increased. A conventional wireless 

communication system sought to develop a technology that mainly improves a 

15 spectral efficiency to increase the data transmission rate. However, due to 

increased demand for smart phones and tablet PCs and an explosive increase in 

application programs which require a large amount of traffic based on the increased 

demand, demand for data traffic has accelerated rapidly. Accordingly, it is difficult 

to meet the heavy increase in wireless data traffic demand through a frequency 

20 efficiency improvement technology alone.  

One method to solve the above problem is to use a very wide frequency 

band. In a frequency band below 10 GHz which is used for a convention mobile 

communication cellular system, it is very difficult to secure a wide frequency band.  

Accordingly, securing a broadband frequency in a higher frequency band is required.  

25 However, as a transmission frequency for wireless communication becomes higher, 

propagation path loss increases. Therefore, a distance of arrival becomes shorter, 

which results in a coverage decrease. One of the main technologies to alleviate the 

propagation path loss and increase the distance of arrival in order to solve the above 

problem is a beamforming technique.  

30 Beamforming may be divided into transmission beamforming which is 

performed by the transmitting side and reception beamforming which is performed 

by the receiving side. Transmission beamforming generally uses a plurality of 

antennas and concentrates signals transmitted from respective antennas in a 

particular direction (that is, space), so as to increase directivity. A set of a plurality 

35 of antennas is referred to as an array antenna, and an antenna included in the array 

antenna is referred to as an antenna element or an array element. The antenna array 

may be configured in various types such as a linear array and a planar array. When 

the transmission beamforming is used, the distance of arrival can be increased 

through a signal directivity increase, and the signal is not transmitted in any 

40 direction other than the corresponding direction. As a result, interference
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influencing another user can be significantly reduced.  

The receiving side may perform the reception beamforming by using a 

reception array antenna. The reception beamforming concentrates received radio 

waves to be directed in a particular direction, increases sensitivity of signals 

5 received from the particular direction, and excludes signals received from another 

direction, so as to block interference signals.  

In order to secure the wide frequency band, a super high frequency, that is, 

a millimeter (mm) wave system is introduced. As the transmission frequency 

becomes higher, the wavelength of a radio wave becomes shorter. Accordingly, 

10 when antennas are configured at half wavelength intervals, an array antenna may be 

formed by a larger number of antennas within the same area. That is, a 

communication system operating at an ultra high frequency band is well positioned 

to apply the beamforming technique because the communication system can acquire 

a relatively higher antenna gain in comparison with using the beamforming 

15 technique at a low frequency band.  

Through the use of the beamforming technique, a performance index such 

as a Signal to Noise Ratio (SNR) can be optimized by maximizing a beamforming 

gain, but a diversity gain cannot be obtained since a multipath propagation is 

reduced. Further, performance sensitivity for the beamforming may be generated 

20 due to beam information mismatching according to a delay until an actual allocation 

after mobility or a channel condition of a Mobile Station (MS) and beam are 

measured/selected.  

Accordingly, the conventional research was limited to determining 

beamforming weight coefficients for optimizing a performance index such as a 

25 received SNR by maximizing a beamforming gain when applying the beamforming.  

Summary of Invention 

An embodiment of the present invention provides a method and an 

apparatus for transmitting/receiving information in a communication system.  

30 An embodiment of the present invention provides a method and an 

apparatus for superposing a plurality of beams in a wireless communication system 

using beamforming.  

An embodiment of the present invention relates to a method and an 

apparatus for superposing adjacent beams in a plurality of directions in a 

35 beamforming-based mobile communication system which operates beams having 

specific beam characteristics as a basic unit.  

An embodiment of the present invention provides a method and an 

apparatus for superposing beams in a plurality of directions to operate the beams as 

one superposed beam in a hybrid beamforming structure including a combination of 

40 analog and digital beamforming.



3 

An embodiment of the present invention provides a method and an 

apparatus for superposing a plurality of beams based on estimation of mobility of a 

user and a variation characteristic of a channel state in a beamforming-based 

wireless mobile communication system.  

5 In accordance with an aspect of the present disclosure, there is provided a 

method of transmitting a signal using beamforming by a base station in a wireless 

communication system, the method comprising: 

determining whether to enable beam superposition using a superposed 

beam for a mobile station; 

10 determining a number of unitary beams to be superposed and selecting at 

least two adjacent beams to be superposed from among a plurality of unitary beams 

corresponding to an array antenna of the base station based on at least one 

predetermined condition and channel quality information of the mobile station, upon 

a determination to enable the beam superposition; 

15 configuring the array antenna of the base station to form the superposed 

beam by superposing the at least two adjacent beams among the plurality of unitary 

beams; and 

communicating a data signal to the mobile station through the superposed 

beam.  

20 In accordance with another aspect of the present disclosure, there is 

provided an apparatus of a base station for performing the above method in a 

wireless communication system.  

In accordance with another aspect of the present disclosure, there is 

provided a method of receiving a signal using beamforming by a mobile station in a 

25 wireless communication system, the method comprising: 

determining whether to enable beam superposition using a superposed 

beam based on at least one predetermined condition and channel quality information 

of the mobile station; 

reporting, to the base station, first channel quality information comprising a 

30 channel quality of at least one best unitary beam selected from a plurality of unitary 

beams of the base station, upon a determination not to enable the beam 

superposition; 

reporting, to the base station, second channel quality information 

comprising an overall channel quality of at least two adjacent beams to be 

35 superposed among the plurality of unitary beams, upon a determination to enable the 

beam superposition; and 

receiving a data signal from the base station through a superposed beam 

formed by superposing the at least two adjacent beams.  

In accordance with another aspect of the present disclosure, there is 

40 provided an apparatus of a mobile station for performing the above method in a
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wireless communication system.  

Brief Description of the Drawings 

FIG. 1 illustrates an example of a scenario of beamforming-based signal 

5 transmission/reception according to an embodiment of the present disclosure; 

FIG. 2 is a block diagram illustrating a physical layer (PHY) of a 

transmitting side of a BS for supporting beamforming according to an embodiment 

of the present disclosure; 

FIG. 3 illustrates an example of a scenario of beamforming-based 

10 communication between a BS and an MS according to an embodiment of the present 

disclosure; 

FIG. 4 illustrates an example of a plurality of unitary beams; 

FIG. 5 illustrates examples of beam patterns of superposed beams 

according to an embodiment of the present disclosure; 

15 FIG. 6 illustrates an example of a frame structure for reference signal 

transmission according to an embodiment of the present disclosure; 

FIG. 7 is a flowchart illustrating an operation of a BS which operates a 

beam superposition mode according to an embodiment of the present disclosure; 

FIG. 8 is a flowchart illustrating an operation of an MS which operates a 

20 beam superposition mode according to an embodiment of the present disclosure; 

FIG. 9 (including FIG. 9A and 9B) illustrates an example of a 

transmission/reception beamforming structure according to an embodiment of the 

present disclosure; 

FIGs. 10 and 11 illustrate beam patterns of superposed beams generated by 

25 superposing two adjacent beams and three adjacent beams according to an 

embodiment of the present disclosure; and 

FIG. 12 (including FIGs. 12A and 12B) is a flowchart illustrating an 

operation of an MS which operates a beam superposition mode according to another 

embodiment of the present disclosure.  

30 

Detailed Description of Embodiments of the Invention 

Hereinafter, an exemplary embodiment of the present disclosure will be 

described with reference to the accompanying drawings. Further, in the following 

description of the present disclosure, a detailed description of known functions and 

35 configurations incorporated herein will be omitted when it may make the subject 

matter of the present disclosure rather unclear. The terms which will be described 

below are terms defined in consideration of the functions in the present disclosure, 

and may be different according to users, intentions of the users, or customs.  

Therefore, the definitions of the terms should be determined based on the contents 

40 throughout the specification.
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A technology for superposing narrow beams of a basic unit having specific 

beam characteristics (e.g., a beam width and a beam gain) in a beamforming-based 

wireless mobile communication system will be disclosed. The narrow beams of 

the basic unit may be superposed in a plurality of adjacent directions based on 

5 mobility of a user and a change characteristic of a channel state. For example, in a 

hybrid beamforming structure including a combination of analog beamforming and 

digital beamforming, reliability can be improved by superposing a plurality of 

adjacent unitary beams having specific beam characteristics to increase a beam 

width to be used for actual signal transmission/reception. Here, the unitary beam 

10 may be referred to as a narrow beam in that the unitary beam has a relatively 

narrower beam width in comparison with a superposed beam. The superposed 

beam is a wide beam or a broad beam having a relatively wider beam width in 

comparison with the unitary beam.  

A conventional technology such as Wireless Gigabit (WiGig) does not 

15 support Multiple Input Multiple Output (MIMO) using multiple 

transmission/reception antennas, and basically operates beamforming by an analog 

array through a plurality of RF/antenna devices via one Radio Frequency (RF) path.  

The beamforming may be operated by selecting and feeding back one beam having 

the strongest signal received at the receiving side. Such a technology can be 

20 applied mainly to an indoor environment which generally has a Line of Sight (LoS) 

channel path of at a proximity distance of several meters without mobility.  

However, in an outdoor wireless mobile communication in which a channel state is 

rapidly changed by a Non-LoS (NLoS) path characteristic or channel fading due to 

mobility of several km/h, quick rotation of the MS, or an obstacle, sensitivity 

25 according to large performance deterioration under a user environment may be 

increased through operation of beamforming in a narrow beam width which 

maximizes a beam gain in a particular direction and has directivity alone.  

Meanwhile, one or more different beam widths are simply used without 

considering the beamforming structure or problems of system operation. However, 

30 in this case, separate reference signals are required to estimate respective channel 

states of different beam widths in different directions, and overhead increases 

according to transmission/reception of the reference signals. Further, complexity 

increases due to a separate channel state estimating process for each reference 

signal, and another problem about the complexity occurs in which different beam 

35 widths require separate reference signals and symbol/frame structures, respectively.  

In addition, the complexity is increased due to different designs for different 

analog/digital beamforming coefficients for operating different beam widths, storage 

and operation of tables for the different designs, and variable operations according to 

the beam width of a beamforming structure.  

40 Accordingly, in the present invention described below, adjacent unitary
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beams are superposed and operated as one wide beam according to a given beam 

superposition condition in a beamforming-based wireless mobile communication 

system, which operates a plurality of unitary beams having a relatively narrow beam 

widths. According to the present invention, since unitary beams having the same 

5 beam characteristic are used, the reliability of beamforming can be improved 

without an increase in complexity due to the beamforming and 

transmission/reception of a reference signal in comparison with a beamforming 

structure operating a plurality of beams having different beam widths.  

FIG. 1 illustrates an example of a scenario of beamforming-based signal 

10 transmission/reception according to an embodiment of the present disclosure.  

Here, a structure of transmitting/receiving signals between two communication 

nodes using beamforming will be described. The communication nodes may be, 

for example, a Base Station (BS) and an MS.  

Referring to FIG. 1, a BS 100 has one cell 10 and a service area including 

15 one or more sectors 20 corresponding to the cell 10. The number of sectors 10 

included in one cell 10 may be one or more. A multi-beam may be operated 

according to each cell or each sector 20. In order to support one or more MSs while 

acquiring a beamforming gain, the BS 100 forms one or more transmission 

beams/reception beams for downlink/uplink while simultaneously or sequentially 

20 sweeping the transmission beams/reception beams in different directions. For 

example, the BS 100 simultaneously forms N reception beams directing in N 

directions during N slots. In another example, the BS 100 sequentially forms N 

reception beams directing in N directions during N slots while sweeping them.  

Specifically, a first beam is formed only in a first slot, a second beam is formed only 

25 in a second beam, an ith beam is formed only in an ith slot, and an Nth beam is formed 

only in an Nth Slot.  

Due to a structural limitation of the MS 110, MS 110 generally operates a 

wider beam width supporting a smaller beam gain compared to the BS 100. In 

some implementations, the MS 110 can support one or more reception 

30 beams/transmission beams for downlink/uplink.  

Each of the BS 100 and the MS 110 may select an best beam directed in the 

direction of a correspondent station from one or more beams and transmit/receive a 

signal through the selected beam.  

FIG. 2 is a block diagram illustrating a physical layer (PHY) of a 

35 transmitting side of the BS for supporting beamforming according to an embodiment 

of the present disclosure. Here, a hybrid structure of simultaneously applying 

analog beamforming and digital beamforming will be described as an example.  

Referring to FIG. 2, L digital signals corresponding to L layers are input to 

a MIMO encoder 206 via an encoder (ENC) 202 and a modulator (MOD) 204 for 

40 each layer, and Mt streams output from the MIMO encoder 206 are pre-coded by a
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precoder 208 and modulated to Nf pre-coded signals corresponding to Nf RF paths.  

Each of the pre-coded signals is output through RF paths including IFFT 210, a 

Parallel to Serial converter (P/S) 121, a Cyclic Prefix (CP) inserter unit 214, and a 

Digital to Analog Converter (DAC) 216. Bands of the signals output from the RF 

5 paths are converted into RF bands through a frequency converter 218, and then the 

signals are input into an analog beamforming unit 220.  

The analog beamforming unit 220 controls the input RF signals to have 

phases and amplitudes for a plurality of antenna elements through a plurality of 

phase shifters and Power Amplifiers (PA)/Variable Gain Amplifier (VGA), so as to 

10 form beams transmitted in a particular direction. The formed beams are 

transmitted through an antenna array 222 configured by grouping a plurality of 

antenna elements to increase a beamforming gain.  

Further, through digital beamforming by RF paths including the IFFT 210 

before the DAC 216, and the MIMO encoder 206 and the precoder 208, functions of 

15 securing an additional beamforming gain, operating multiple users, selectively 

allocating a frequency band, and forming multiple beams may be acquired. The 

structure shown in FIG. 1 may be changed to various forms through modification 

and combination of a plurality of blocks.  

The beams formed based on the hybrid beamforming structure may be 

20 differently operated according to a channel characteristic of a reference signal/data 

channel/control channel, in consideration of mobility of the MS or a channel state, 

or based on an uplink (UL)/downlink (DL) or transmit/receive. Each beam is 

generated by controlling beamforming coefficients of an analog/digital port to have 

a specific beam width in a particular direction, a beam direction, and a beam gain.  

25 At this time, when antenna input power is equally configured, a correlation may be 

established in which, as beam width becomes is wider, a maximum beam gain for a 

direction of the corresponding beam becomes smaller.  

In the hybrid beamforming structure, the analog beamforming unit 220 

controls a phase and a magnitude weight for each antenna element to uniformly form 

30 beams having a specific beam gain in a plurality of directions, so as to span or cover 

a cell or sector of the BS. Beam widths and beam directions of a plurality of beams 

are configured to have the same maximum beam gain in a particular direction. In 

the embodiment of the present disclosure, each beam corresponds to a unitary beam 

having specific beam characteristics (e.g., a beam width and a beam gain).  

35 In one embodiment, the analog beamforming unit 220 forms unitary beams 

by controlling beamforming coefficients related to a phase and a magnitude weight 

for each antenna element such that beams actually having the same Half Power 

Beam-Width (HPBW) are steered in different directions covering the cell/sector.  

For example, the analog beamforming unit 220 configures a non-uniform beam 

40 weight for each antenna element to make the beams in different directions have the
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same HPBW.  

In another embodiment, the analog beamforming unit 220 may form a 

plurality of beams, which actually do not have entirely the same HPBW but have the 

same beam gain (array gain) in a particular direction, to have the uniform wave 

5 number in a beam space. For example, the analog beamforming unit 220 may form 

beam sets in different directions having the same gain orthogonal to a column of a 

Digital Fourier Transform (DFT) matrix of a size proportional to the number of 

antenna elements.  

According to an embodiment of the present disclosure, some unitary beams 

10 may be superposed to be one superposed beam under a predetermined condition.  

With respect to the unit analog beams formed through the beamforming of the 

analog port based on the analog-digital hybrid beamforming structure, the 

superposition of the unitary beams may be performed by combining, in the digital 

port, analog beams mapped to the RF path of the digital port. In one embodiment, 

15 a unitary beam in a particular direction may be mapped to one RF path, and thus the 

number of unitary beams which can overlap is limited by the number (Nf) of RF 

paths according to the beamforming structure and a maximum beam width of the 

superposed beam formed through the superposition of the unitary beams is 

determined by a beam width of each unitary beam and the number of RF paths at a 

20 transmitting side.  

Specifically, the analog beamforming unit 220 may form unitary beams 

having specific beam widths and beam gains by controlling coefficients 

corresponding to array antenna weights and give an offset to a value corresponding 

to a wave number to steer each of the unitary beams.  

25 FIG. 3 illustrates an example of a scenario of beamforming-based 

communication between a BS and an MS according to an embodiment of the present 

disclosure.  

Referring to FIG. 3, a BS 300 simultaneously or successively sweeps and 

transmits a plurality of beamformed signals. In some implementations, an MS 310 

30 may receive an omnidirectional signal without support of reception beamforming, 

support one specific beamforming pattern at a time with support of reception 

beamforming, or simultaneously support a plurality of beamforming patterns in 

different directions with support of reception beamforming.  

When the MS does not support the reception beamforming, the MS 310 

35 measures channel quality of a reference signal transmitted from each of the 

transmission beams of the BS and selects one or more best beams 302 for the MS 

310 from a plurality of transmission beams of the BS based on a result of the 

measurement. Information on the selected best beam 302 and Channel Quality 

Information (CQI) on the selected best beam 302 are reported to the BS 300.  

40 When the MS supports reception beamforming, the MS 310 measures
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channel qualities of a plurality of transmission beams of the BS according to each of 

the reception beam patterns of the MS 310, and reports a result of the measurement 

for all combinations of the BS transmission beams 302 and the MS reception beams 

312 or some of the combinations at a high rank. The BS 300 allocates a proper 

5 transmission beam to the MS based on the report by the MS 310. When the MS 

310 can simultaneously receive a plurality of BS transmission beams or support 

combinations of BS transmission beams and MS reception beams, the BS 300 may 

select one or more beams in consideration of transmission diversity through 

repetitive transmission or simultaneously transmission.  

10 Unitary beams for the analog beamforming have specific beam 

characteristics configured to cover the cell/sector of the BS and are formed to direct 

different directions. In the case of downlink, the BS may transmit a signal through 

one best transmission beam for the MS among a plurality of transmission beams or 

transmit a signal through a wider beam (hereinafter, referred to as a superposed 

15 beam) corresponding to superposition of unitary beams to increase beam robustness 

based on mobility of the MS or estimation of a channel state change. Each unitary 

beam or the superposed beam may be used to transmit data traffic or transmission of 

a control signal.  

Referring to an example of FIG. 3, the BS 300 selects an ith beam 302 for 

20 the MS 310 and transmits the same signal to the MS 310 by simultaneously and 

additionally using an i-1th beam and an i+lth beam at both sides of the ith beam 

302. That is, by superposing three unitary beams, a superposed beam having a 

wider beam width is formed. The maximum number of superposed unitary beams 

is limited according to the number of RF paths of the BS 300. Actually, the 

25 number of beams, which are to be superposed, required for robust beamforming with 

respect to a channel variation is determined based on mobility of the MS or a 

channel state change. For example, the MS or the BS may superpose a 

predetermined number of unitary beams such that an average or a standard deviation 

for a channel measurement value such as a Carrier to Interference and Noise Ratio 

30 (CINR)/Receive Signal Strength Indicator (RSSI) satisfies a particular threshold 

condition.  

FIG. 4 illustrates examples of a plurality of unitary beams.  

Referring to FIG. 4, in a 16x1 Uniform Linear Array (ULA) antenna 

structure, a plurality of unitary beams 402 are formed to divide a sector of 180 

35 degrees into 16 beam areas having a uniform wave number based on a beam 

coefficient such as a DFT matrix. Each unitary beam has the same maximum beam 

gain in a particular direction and uniformly supports all sections of the 180 degree 

are within the same beam gain range.  

FIG. 5 illustrates examples of beam patterns for superposed beams 

40 according to an embodiment of the present disclosure. In FIG. 5, beam patterns
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502 of superposing beams to which both side adjacent unitary beams of each of the 

unitary beams of FIG. 4 based on a direction of 0 degrees are added are illustrated.  

Referring to FIG. 5, each of the beam patterns 502 for the superposed 

beams is normalized for a beamforming coefficient according to the number of 

5 superposed beams such that gains of all antennas are the same in the analog port.  

Under the influence of the normalization, as directivity of the superposed 

beam in a particular direction is reduced, a beam width increases but a maximum 

beam gain in the particular direction decreases. Accordingly, it is preferable to 

configure the number of superposed unitary beams in consideration of the directivity 

10 and trade-off of the beamforming gain. In addition, in consideration of the 

decrease in the beam gain of the superposed beam, link adaptation including 

configuration of a Modulation and Coding Scheme (MCS) level may be performed.  

In other words, the link adaptation is performed to compensate for the decrease in 

the beamforming gain which may be generated due to the use of the superposed 

15 beam.  

Forming the superposed beam, that is, the beam superposition may be 

performed when it is determined that the improvement of reliability for the 

beamforming is needed according to mobility of the MS and/or a channel state. A 

transmitter (the BS in the case of downlink and the MS in the case of uplink) forms 

20 a wider beam, that is, an overlapping beam by superposing one or more unitary 

beams adjacent to the selected unitary beam. A beam superposition mode means a 

mode of transmitting a signal by using a superposed beam and is distinguished from 

a unitary beam mode (that is, a single narrow beam mode) using one selected unitary 

beam. A trigger condition for defining enabling/disabling of the beam 

25 superposition mode may be defined by comparisons between a channel quality 

threshold for a predetermined time, and channel quality of a superposed beam and 

channel quality of one selected best unitary beam. Here, channel quality refers to 

an average and/or a standard deviation of the channel measurement such as a 

CINR/RSSI. In order to determine the trigger of the beam superposition mode, the 

30 MS may periodically feedback or event-trigger report metrics such as an estimated 

value of a Doppler speed and an average/standard deviation of a CINR/RSSI to the 

BS.  

When the trigger of the beam superposition mode is determined, the 

transmitter determines the number of beams to be superposed and selects beams to 

35 be superposed. In one embodiment, the transmitter considers channel quality in 

terms of the beam superposition (an average or standard deviation of a CINR/RSSI).  

The channel quality is reported by a receiver. In an additional embodiment, the 

transmitter may further consider trade-off between a beam width increase (reliability 

increase) and a beam gain decrease.  

40 Transition between the unitary beam and the superposed beam by the
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trigger of the beam superposition mode may be performed according to a trigger 

condition and report metrics of the beam superposition mode. The beam 

superposition mode may be triggered by, for example, the BS or the MS. When the 

beam superposition mode is triggered by the BS, the BS determines whether to 

5 execute the beam superposition based on a predetermined trigger condition and 

report metrics from the MS. When the beam superposition mode is triggered by 

the MS, the MS determines whether beams are superposed according to a 

predetermined trigger condition and a result of the measurement of the channel 

quality, and makes a request for turning on/off the beam superposition to the BS.  

10 As another embodiment, in downlink beamforming, the MS may determine 

whether reception beams of the MS are superposed according to a predetermined 

trigger condition and a result of the measurement of the channel quality for a 

combination of the BS transmission beam and the MS reception beam and turn 

on/off the superposition of the MS reception beams. In uplink beamforming, the 

15 BS may make a request for turning on/off the superposition of the MS transmission 

beams to the MS according to a predetermined trigger condition and a result of the 

measurement of the channel quality for a reference signal transmitted by the MS for 

each unit transmission beam of the MS. As another embodiment, in uplink 

beamforming, the MS determines whether to execute the beam superposition based 

20 on a predetermined trigger condition and channel quality feedback from the BS.  

As another embodiment, in uplink beamforming, the BS may turn on/off the 

superposition of the reception beams of the BS for uplink based on a predetermined 

trigger condition and channel quality measurement according to a combination of 

the MS transmission beams and the BS reception beams.  

25 In order to execute the beam superposition mode, the MS should measure a 

channel quality of each unitary beam or a superposed beam. The MS may estimate 

overall channel quality of the superposed beam from a combination of reference 

signals mapped to respective unitary beams. Alternatively, the MS may combine 

channel quality measurements of the reference signals mapped to a predetermined 

30 number of adjacent unitary beams, so as to estimate the overall channel quality of 

the superposed beam including the adjacent unitary beams.  

FIG. 6 illustrates an example of a frame structure for reference signal 

transmission according to an embodiment of the present disclosure.  

Referring to FIG. 6, a subframe 602 of a predetermined time unit (for 

35 example, 1 ms) transmits a reference signal 606 through a midamble 604 of a 

downlink interval in each sector. The reference signal 606 includes a plurality of 

pilot signals mapped to respective unitary beams in different directions. In the 

example shown in FIG. 6, the reference signal includes four reference signal 

symbols RS-1 to RS-4, each of the reference signal symbols includes four pilot 

40 signals distinguished by frequencies, and each of the pilot signals is mapped to one
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unitary beam. For example, the fourth reference signal symbol includes pilot 

signals mapped to beams b13 bl6.  

The MS may measure a channel quality of one particular unitary beam from 

a pilot signal mapped to each unitary beam or estimate channel quality of a 

5 superposed beam generated by the superposition of unitary beams from a 

combination of pilot signals mapped to the unitary beams. The MS measures, 

updates, and predicts an instant or temporal average/variance/standard deviation) of 

channel quality metrics such as a CINR or an RSSI based on the measurement (or 

estimation). As another embodiment, the MS may estimate a channel variation 

10 against the time/frequency based on the measurement for the midamble to estimate a 

mobility value such as a Doppler speed proportional to a movement speed of the 

MS, and indirectly predict the movement speed of the MS and a sensitivity increase 

possibility of beams based on the estimated value.  

Based on the measurement/estimation of the channel quality, the MS may 

15 determine enabling/disabling of the beam superposition mode according to a trigger 

condition set by the BS, make a request for turning the beam superposition mode 

on/off by using a UL Media Access Control (MAC) message or a UL control 

channel according to a result of the determination, and report channel quality 

information of each beam related to the execution of the beam superposition mode 

20 to the BS.  

The BS may determine whether to execute the beam superposition mode for 

the MS according to the request and report by the MS, and transmit data (or a 

control signal) through the superposition of a plurality of beams in the beam 

superposition mode or transmit data (or a control signal) through one particular 

25 unitary beam in the unitary beam mode. As another embodiment, the MS may 

trigger the transition of the beam superposition mode by using a trigger condition for 

the transition of the beam superposition mode provided by the BS. As another 

embodiment, the MS may periodically/aperiodically report channel qualities 

measured/estimated from reference signal for each beam from the BS to the BS and 

30 switch the beam superposition mode according to an instruction of the BS according 

to the trigger condition.  

Table 1 below shows one example of beam superposition mode information 

indicating the trigger condition of the beam superposition mode provided by the BS.  

The BS may broadcast and/or unicast at least one of the following parameters 

35 included in the beam superposition mode information to MSs within the cell 

periodically and/or according to an event trigger.  

[Table 1] 

Parameter Value 

Beam Superposition Allocation Threshold Value in dB unit
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Beam Superposition Release Threshold Value in dB unit 

Beam Superposition Allocation Timer Value in Subframes or 

Frame unit 

Beam Superposition Release Timer Value in Subframes or 

Frame unit 

Max Number of Beams Supported for Superposition Value in number of 

unitary beams 

- A Beam Superposition Allocation Threshold refers to a value of a dB unit 

indicating a threshold for a maximum standard deviation of an RSSI/CINR for an 

individual unitary beam in order to determine the transition from the unitary beam 

5 mode to the beam superposition mode. For example, an RSSI/CINR for each beam 

may be measured for a time of the transition from the unitary beam mode to the 

beam superposition mode or for a predetermined time. (Threshold of the maximum 

of the standard deviations of the individual Unitary Beam RSSI/CINR 

measurements over time to trigger mode transition from single beam to beam 

10 superposition) 

- A Beam Superposition Release Threshold refers to a value of a dB unit 

indicating a threshold for a maximum standard deviation of an RSSI/CINR for an 

individual unitary beam in order to determine the transition from the beam 

superposition mode to the unitary beam mode. For example, an RSSI/CINR for 

15 each beam may be measured for a time of the transition from the beam superposition 

mode to the unitary beam mode or for a predetermined time. (Threshold of the 

maximum of the standard deviations of the individual Unitary Beam RSSI/CINR 

measurements over time to trigger mode transition from beam superposition to 

single beam) 

20 - A Beam Superposition Allocation Timer refers to a value of a subframe 

unit or a frame unit indicating a minimum time required for measuring an average or 

a standard deviation of the channel measurements for a triggering event of the beam 

superposition mode. That is, the beam superposition allocation timer indicates the 

minimum number of subframes/frames required for channel measurement.  

25 (Minimum required number of subframes/frames to measure the average and 

standard deviation for the event of beam superposition triggering.) 

- A Beam Superposition Release Timer refers to a value of a subframe unit 

or a frame unit indicating a minimum time required for measuring an average or a 

standard deviation of the channel measurements for a triggering event of the unitary 

30 beam mode. That is, the beam superposition release timer indicates the minimum 

number of subframes/frames required for channel measurement. (Minimum required 

number of subframes/frames to measure the average and standard deviation for the
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event triggering from beam position to single beam) In an embodiment, the beam 

superposition allocation timer and the beam superposition release timer may be 

replaced with the same one parameter.  

- A Max Number of Beams Supported for Superposition refers to the 

5 maximum number of adjacent beams which can simultaneously support the MS 

through the beam superposition. (Maximum number of adjacent beams that could be 

concurrently supported for an MS with beam superposition) As described above, 

the maximum number of superposed beams may be limited according to the number 

of RF paths of the BS.  

10 FIG. 7 is a flowchart illustrating an operation of the BS which operates the 

beam superposition mode according to an embodiment of the present disclosure.  

Although FIG. 7 illustrates an operation of the BS for downlink transmission beam 

superposition, it should be noted that an operation of the MS for uplink transmission 

beam superposition is equally performed.  

15 Referring to FIG. 7, in step 702, the BS broadcasts or unicasts beam 

superposition mode information to MSs within the cell. In an embodiment, the 

beam superposition mode information may be inserted into system information and 

then transmitted. The beam superposition mode information may be transmitted 

according to a predetermined transmission period of the system information or 

20 aperiodically transmitted according to a predetermined triggering condition. The 

beam superposition mode information corresponds to at least one parameter 

indicating a trigger condition between the unitary beam mode and the beam 

superposition mode, and includes at least one of, for example, a beam superposition 

allocation threshold, a beam superposition release threshold, a beam superposition 

25 allocation timer, a beam superposition release timer, and a max number of beams 

supported for superposition. In step 704, the BS continuously transmits a reference 

signal for each unitary beam according to a predetermined transmission period of the 

reference signal so as to allow the MS to measure a channel quality of each unitary 

beam or each superposed beam.  

30 In step 706, the BS determines whether the beam superposition mode for 

the MS is determined through scheduling. In an embodiment, the BS may 

determine whether to execute the beam superposition mode for the MS by 

performing scheduling according to a predetermined scheduling period. In another 

embodiment, the BS may determine whether to apply the beam superposition mode 

35 to the MS according to a predetermined determination period of the beam 

superposition mode or a predetermined triggering condition. The determination of 

applying the beam superposition mode may be made based on whether there is a 

downlink data/control signal to be transmitted to the MS, whether the BS and the 

MS can support the beam superposition, the number beams which can be used by 

40 the BS, and the determination of a trigger condition for a channel quality of each



15 

beam reported by the MS for a predetermined recent time.  

For example, when the standard deviation of RSSI/CINR measurements 

reported by the MS operating in the unitary beam mode during a beam superposition 

allocation timer exceeds a beam superposition allocation threshold, the BS enables 

5 the beam superposition mode for the MS, that is, makes a determination to activate 

the beam superposition mode. Further, when the standard deviation of RSSI/CINR 

measurements reported by the MS operating in the beam superposition mode during 

a beam superposition release timer exceeds a beam superposition release threshold, 

the BS cancels the beam superposition mode, that is, disables the beam 

10 superposition mode and makes a determination to provide a service in the unitary 

beam mode.  

In an embodiment, a trigger condition of the beam superposition mode used 

by the BS may be different from a trigger condition used by the MS.  

When the BS makes a determination to provide a service to the MS in the 

15 beam superposition mode or when the BS has already provided a service to the MS 

in the beam superposition mode, the process proceeds to step 708. When the BS 

makes a determination to provide a service to the MS in the unitary beam mode or 

when the BS has already provided a service to the MS in the unitary beam mode, the 

process proceeds to step 718.  

20 In step 708, the BS determines whether there is a request for turning off the 

beam superposition mode from the MS having determined to enable the beam 

superposition mode. For example, the BS determines whether a UL MAC message 

or a UL control channel message for making a request to turn off the beam 

superposition mode is received from the MS. When the MS makes a determination 

25 to not use the beam superposition mode, the BS may disable the beam superposition 

mode regardless of the determination of the BS. When the request for turning off 

the beam superposition mode is made, the process proceeds to step 710. When 

there is no request for turning off the beam superposition mode, the process 

proceeds to step 720.  

30 As a selectable embodiment, the BS may omit the determination in step 706 

and determine whether to execute the beam superposition mode according to the 

request from the MS. That is, instead of determining the beam superposition mode, 

the BS may proceed to step 710 when receiving the request for turning off the beam 

superposition mode from the MS, and proceed to step 720 when receiving the 

35 request for turning on the beam superposition mode.  

As another selectable embodiment, the BS may determine whether to 

execute the beam superposition mode according to the determination of the BS 

regardless of the request from the MS. That is, when there is a determination to 

provide a service to the MS in the beam superposition mode in step 706, the BS 

40 proceeds to step 720. When there is no determination to provide a service to the
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MS in the unitary beam mode in step 706, the BS proceeds to step 710.  

As another embodiment, when the beam superposition mode is determined 

in step 706, the BS may proceed to step 718 to determine whether the request for 

turning on the beam superposition mode is received from the MS. Further, when 

5 the unitary beam mode is determined in step 706, the BS may proceed to step 708 to 

determine whether the request for turning off the beam superposition mode is 

received from the MS.  

Steps 710 to 716 correspond to the operation of the unitary beam mode.  

At least some of steps 710 to 716, for example, steps 710 and 712 may be already 

10 completed before enabling of the unitary beam mode is determined or may be 

performed after the unitary beam mode is determined. As a selectable 

embodiment, the BS may make a request for transmitting CQI for the unitary beam 

mode to the MS when the unitary beam mode is determined. The CQI for the 

unitary beam mode may refer to, for example, a signal quality for each of a plurality 

15 of beams.  

In step 710, the BS receives beam indexes for N beams having high channel 

qualities among unitary beams of the BS, that is, N best beam indexes and/or CQI of 

the N best beams from the MS. The number N of beams to be reported may be 

predetermined or indicated by control information broadcasted from the BS. The 

20 CQI may include, for example, a CINR and/or an RSSI for each best beam. In step 

712, the BS selects one unitary beam to be used for transmitting a data burst based 

on the best beam indexes of the MS and the CQI. For example, the BS selects one 

unitary beam having the highest channel quality for the MS from available unitary 

beams.  

25 In step 714, the BS performs burst scheduling for determining resource 

allocation for burst transmission together with a link adaptation operation including 

an operation for determining an MCS level to be used when the burst is transmitted 

through the selected unitary beam. In step 716, the BS transmits the data burst to 

the MS through the selected unitary beam and proceeds to one of steps 702, 704, and 

30 706 according to at least one of predetermined transmission periods.  

In step 718, the BS determines whether there is a request for turning on the 

beam superposition mode from the MS having determined to disable the beam 

superposition mode. For example, the BS determines whether a UL MAC message 

or a UL control channel message for making a request for turning on the beam 

35 superposition mode is received from the MS. When the MS makes a determination 

to use the beam superposition mode, the BS may enable the beam superposition 

mode regardless of the determination of the BS. When the request for turning on 

the beam superposition mode is made, the process proceeds to step 720. When 

there is no request for turning on the beam superposition mode, the process proceeds 

40 to step 710 for the operation in the unitary beam mode.
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Steps 720 to 728 correspond to the operation of the beam superposition 

mode. At least some of steps 720 to 728, for example, steps 720 and 722 may be 

already completed before enabling of the beam superposition mode is determined or 

may be performed after the beam superposition mode is determined. As a 

5 selectable embodiment, the BS may make a request for transmitting CQI for the 

beam superposition mode to the MS when the beam superposition mode is 

determined. The CQI for the beam superposition mode indicates, for example, 

signal qualities of a predetermined number of beams or a sum (or average) of signal 

qualities. That is, the CQI for the beam superposition mode may indicate an 

10 average signal quality of a predetermined number of superposed beams.  

In step 720, the BS receives information on the number (M) of adjacent 

beams which satisfy a predetermined threshold from the MS. As a selectable 

embodiment, step 720 may be omitted, and the BS may recognize the number of 

beams to be superposed, through step 722. In step 722, the BS receives CQI for 

15 one beam having an best channel quality among the unitary beams of the BS, and 

CQI for M adjacent beams including beams adjacent to the one unitary beam. In 

addition, the MS may also report beam indexes for the M adjacent beams. For 

example, when the number of adjacent beams to be superposed and the MS 

determines that beam #7 of the unitary beams of the BS has the best channel quality, 

20 that is, CINR/RSSI, indexes for beams #6, #7, and #8 based on beam #7 and CQI 

thereof are reported to the BS. CQI may include a signal quality of each of beams 

#6, #7, and #8 or includes a sum or average of the signal qualities of beams #6, #7, 

and #8.  

In step 724, the BS controls beamforming coefficients of the analog 

25 beamforming unit and controls the digital beamforming unit, so as to control the M 

adjacent beams received in step 722 to be superposed. In a concrete embodiment, 

the superposition of the unitary beams is performed by mapping unit analog beams 

generated by the analog beamforming unit to an RF chain/path of the digital unit 

under the analog-digital hybrid structure. As a selectable or combinable 

30 embodiment, the analog beamforming unit configures a value corresponding to a 

sum of beam coefficients for analog unitary beams to be superposed, as amplitude 

and phase weights for each antenna element, so that the unitary beams can be 

superposed. That is, the beam superposition may be performed by reflecting a sum 

of the amplitude and phase weights for generating the unitary beams and a 

35 normalization factor for making all antenna elements have the same power in the 

analog-digital port.  

Referring to a configuration example of FIG. 2, the beam superposition is 

performed by configuring an analog beam weight corresponding to a gain of a unit 

analog beam to be superposed on each RF path of the digital port, mapping the same 

40 data from the digital beamforming unit to a plurality of RF paths, and transmitting
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the mapped data.  

In step 726, the BS performs burst scheduling for determining resource 

allocation for burst transmission together with a link adaptation operation including 

an operation for determining an MCS level to be used when the burst is transmitted 

5 through the superposed beam formed through the superposition of the M adjacent 

beams. In step 728, the BS transmits the data burst to the MS through the formed 

superposed beam and proceeds to one of steps 702, 704, and 706 according to at 

least one of predetermined transmission periods.  

FIG. 8 is a flowchart illustrating an operation of the MS which operates the 

10 beam superposition mode according to an embodiment of the present disclosure.  

Although FIG. 8 illustrates an operation of the MS for downlink reception beam 

superposition, it should be noted that an operation of the BS for uplink reception 

beam superposition is equally performed.  

Referring to FIG. 8, in step 802, the MS receives beam superposition mode 

15 information broadcasted or unicasted from the BS according to a predetermined 

transmission period of system information. The beam superposition mode 

information corresponds to at least one parameter indicating a trigger condition 

between the unitary beam mode and the beam superposition mode, and includes at 

least one of, for example, a beam superposition allocation threshold, a beam 

20 superposition release threshold, a beam superposition allocation timer, a beam 

superposition release timer, and a max number of beams supported for 

superposition. In step 804, the MS receives reference signals which are 

sequentially transmitted for each unitary beam according to a predetermined 

transmission period of the reference signal or simultaneously transmitted by the BS.  

25 In step 806, the MS measures or estimates channel qualities of unitary 

beams and adjacent beams based on the reference signal. Specifically, the MS 

measures a channel quality of each unitary beam and estimates a channel quality of a 

combination of at least one unitary beam and a predetermined number of adjacent 

beams which are adjacent to the one unitary beam. The channel quality of the 

30 beam combination corresponds to a channel quality of a corresponding superposed 

beam.  

In step 808, the MS determines whether the BS makes a determination to 

execute the beam superposition mode for the MS based on scheduling information 

received from the BS. In another embodiment, the MS may receive an indication 

35 signal of the beam superposition mode transmitted from the BS according to a 

predetermined determination period of the beam superposition mode or a 

predetermined triggering condition, and determine whether the beam superposition 

mode is determined by the indication signal. When the beam superposition mode 

is determined or when the beam superposition mode has been already applied, the 

40 MS proceeds to step 810. Otherwise, the MS proceeds to step 816.
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As a selectable embodiment, the MS may omit step 808 and determine 

whether to execute the beam superposition mode according to the determination of 

the MS. That is, instead of receiving the indication of the beam superposition 

mode from the BS, the MS may determine whether an off condition or an on 

5 condition of the beam superposition mode is satisfied. When the off condition is 

satisfied, the MS proceeds to step 812. When the on condition is satisfied, the MS 

proceeds to step 818.  

As another selectable embodiment, the MS may determine whether to 

execute the beam superposition mode according to the indication from the BS 

10 regardless of the determination of the MS. That is, the MS proceeds to step 820 

when the MS is instructed to operate in the beam superposition mode by the BS, and 

proceeds to step 814 when the MS is instructed to operate in the unitary beam mode 

by the BS.  

As another embodiment, when the beam superposition mode is indicated in 

15 step 808, the MS may proceed to step 816 to determine whether the one condition of 

the beam superposition mode is satisfied. Further, when the unitary beam mode is 

indicated in step 808, the MS may proceed to step 810 to determine whether the off 

condition of the beam superposition mode is satisfied.  

In step 810, the MS determines whether the off condition of the beam 

20 superposition mode is satisfied based on the trigger condition included in the beam 

superposition mode information received in step 802. For example, when a 

standard deviation of RSSI/CINR measurements of one best unitary beam or one or 

more of unitary beams having channel qualities equal to or larger than a particular 

channel quality during a beam superposition release timer is within a beam 

25 superposition release threshold, the MS releases the beam superposition mode, that 

is, disables the beam superposition mode and decides an operation in the unitary 

beam mode. As another example, the MS may compare a channel quality (CINR 

average/standard deviation) for an best single unitary beam and a channel quality of 

a superposed beam for a predetermined number of adjacent unitary beams based on 

30 the best single unitary beam, so as to determine to use a beam mode having a better 

channel quality.  

When the off condition of the beam superposition mode is satisfied, the MS 

proceeds to step 812 to disable the beam superposition mode and operate in the 

unitary beam mode. Otherwise, the MS proceeds to step 820.  

35 In step 812, the MS transmits a predetermined message for making a 

request for turning off the beam superposition mode, for example, a UL MAC 

message or a UL control channel message to the BS. As a selectable embodiment, 

the MS may receive a CQI request for the unitary beam mode from the BS when the 

unitary beam mode is determined. The CQI for the unitary beam mode may refer 

40 to, for example, a signal quality for each of a plurality of beams.
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In step 814, the MS reports beam indexes for N beams having high channel 

qualities among all unitary beams of the BS, that is, N best beam indexes to the BS.  

The MS may additionally transmit CQI indicating channel qualities of best beams, 

that is, a CINR and/or RSSI to the BS together with the N best beam indexes. The 

5 number N of beams to be reported may be predetermined or indicated by control 

information broadcasted from the BS.  

In step 828, when the scheduling is made according to burst scheduling of 

the BS, the MS receives a data burst transmitted from the BS through one unitary 

beam selected from the N beams in step 814. Thereafter, the MS proceeds to one 

10 of steps 802, 804, and 808 according to at least one of predetermined transmission 

periods.  

Meanwhile, in step 816, the MS determines whether the on condition of the 

beam superposition mode is satisfied based on the trigger condition of the beam 

superposition mode information received in step 802. For example, when a 

15 standard deviation of RSSI/CINR measurements of one best unitary beam or unitary 

beams having channel qualities equal to or larger than a particular channel quality 

during a beam superposition allocation timer exceeds a beam superposition 

allocation threshold, the MS makes a determination to enable the beam 

superposition mode. As another example, the MS may compare channel quality 

20 (CINR average/standard deviation) for an best single unitary beam and channel 

quality of a superposed beam for a predetermined number of adjacent unitary beams 

based on the best single unitary beam, so as to make a determination to use a beam 

mode having a better channel quality.  

When the on condition of the beam superposition mode is satisfied, the MS 

25 proceeds to step 818 to enable the beam superposition mode.  

In step 818, the MS transmits a UL MAC message or a UL control channel 

message for making a request for turning on the beam superposition mode to the BS.  

As a selectable embodiment, the MS may receive a CQI request for the beam 

superposition mode from the BS when the beam superposition mode is determined.  

30 The CQI for the beam superposition mode indicates, for example, signal qualities of 

a predetermined number of beams or a sum (or average) of signal qualities.  

In step 820, the MS estimates the number (M) of adjacent beams to be 

superposed. Further, the MS identifies the adjacent beams to be superposed.  

Information on the estimated number of adjacent beams may be reported to the BS.  

35 For example, the MS may select adjacent beams having a channel quality 

measurement which is larger than a predetermined threshold, and the threshold may 

be predetermined or signaled from the BS. Further, the MS may determine a value 

of M within the max number of beams supported for superposition signaled from the 

BS. In step 824, the MS measures and estimates CQI for M adjacent beams. For 

40 example, the MS measures channel qualities of one beam having a best channel



21 

quality among all unitary beams of the BS and each of the M adjacent beams 

including beams adjacent to the one beam and combines channel quality 

measurement of all adjacent beams, so as to estimate channel qualities of all the M 

adjacent beams. In step 826, the MS reports overall CQI indicating channel 

5 qualities of the M adjacent beams to the BS. In addition, the MS may report 

indexes of adjacent beams to be superposed and the number (M) of adjacent beams 

to the BS.  

In step 828, when the scheduling is made according to burst scheduling of 

the BS, the MS receives a data burst transmitted from the BS through the superposed 

10 beam generated through the superposition of the M adjacent beams in step 824.  

Thereafter, the MS proceeds to one of steps 802, 804, and 808 according to at least 

one of predetermined transmission periods.  

In embodiments of FIGs. 7 and 8, an operation in which the BS schedules 

the beam superposition mode and the MS determines enabling/disabling of the beam 

15 superposition mode is illustrated. As another embodiment, the BS may make a 

determination on the beam superposition mode alone or the MS may make a 

determination on the beam superposition mode alone.  

FIG. 9 (including FIG. 9A and 9B) illustrates an example of a 

transmission/reception beamforming structure according to an embodiment of the 

20 present disclosure.  

As illustrated in FIG. 9A, a transmitter 900 includes a digital beamforming 

unit 910 and an analog beamforming unit 922, and the digital beamforming unit 910 

and the analog beamforming unit 922 are connected to each other through NRF,Tx 

RF paths including an IFFT 916, a P/S 918, and a DAC 920. The digital 

25 beamforming unit 910 includes a MIMO encoder 912 and a Base Band (BB) 

precoder 914, and the analog beamforming unit 922 includes a frequency converter 

924, phase shifters/power amplifiers 926 and 928 for each RF path, a combiner 930, 

and an antenna array 932. In another embodiment, the analog beamforming unit 

922 may be defined to have other components except for the frequency converter 

30 924 and the antenna array 932.  

The transmitter 900 further includes a beamforming controller 934 for 

controlling the digital beamforming unit 910 and the analog beamforming unit 922, 

acquiring pieces of information required for hybrid beamforming and beam 

superposition, exchanging the pieces of information with the receiver 950, and 

35 determining pieces of information required for controlling the digital beamforming 

unit 910 and the analog beamforming unit 922, for example, a beamforming 

coefficient matrix. The beamforming controller 934 determines enabling/disabling 

of the beam superposition mode through a predetermined trigger condition and 

signaling with a counterpart communication station, that is, the receiver 950, 

40 controls beamforming coefficients of the analog beamforming unit according to the
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determination, and controls RF path mapping of the digital beamforming unit.  

Beams formed by the transmitter 900 reach the receiver 950 through a 

MIMO channel 640 forming a beam space effective channel Heff.  

Referring to FIG. 9B, like the transmitter, the receiver 950 includes an 

5 analog beamforming unit 952 and a digital beamforming unit 968, and the analog 

beamforming unit 952 and the digital beamforming unit 968 are connected to each 

other through NRF, Rx RF paths including an Analog to Digital Converter (ADC) 

962, a Serial to Parallel Converter (S/P) 964, and an FFT 966. The analog 

beamforming unit 952 includes an antenna array 954, Low Noise Amplifiers (LNAs) 

10 956/phase shifters 958, and a frequency converter 960. In another embodiment, the 

analog beamforming unit 952 may be defined to have other components except for 

the antenna array 954 and the frequency converter 960. The digital beamforming 

unit 968 includes a base band combiner 970 and a MIMO decoder 972.  

The receiver 950 further includes a beamforming controller 974 for 

15 controlling the digital beamforming unit 968 and the analog beamforming unit 952, 

acquiring pieces of information required for hybrid beamforming and beam 

superposition, exchanging the pieces of information with the transmitter 934, and 

determining pieces of information required for controlling the digital beamforming 

unit 968 and the analog beamforming unit 952, for example, a beamforming 

20 coefficient matrix. The beamforming controller 974 determines enabling/disabling 

of the beam superposition mode through a predetermined trigger condition and 

signaling with a counterpart communication station, that is, the transmitter 900, 

controls beamforming coefficients of the analog beamforming unit according to the 

determination, and controls RF path mapping of the digital beamforming unit.  

25 In downlink, the transmitter 900 corresponds to the BS and the receiver 950 

corresponds to the MS. In uplink, the transmitter 900 corresponds to the MS and 

the receiver 950 corresponds to the BS.  

The transmitter 900 forms a plurality of unitary beams, which have 

directivity through analog beamforming and have specific beam widths in different 

30 directions, and generates a superposed beam by superposing a plurality of adjacent 

beams among the plurality of unitary beams according to a particular trigger 

condition and/or a request from the receiver 950. The receiver 950 receives and 

measures reference signals transmitted from the transmitter 900 through the unitary 

beams, and determines enabling/disabling of the beam superposition mode 

35 according to a particular trigger condition and/or a result of the measurement.  

Further, the receiver 950 may report information (enabling/disabling of the beam 

superposition mode, channel quality information and the like) required for the 

operation of the beam superposition mode to the transmitter 900.  

FIGs. 10 and 11 illustrate beam patterns of superposed beams generated by 

40 superposing two adjacent beams and three adjacent beams according to an
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embodiment of the present disclosure. Like in FIG. 5, each of the beam patterns of 

the superposed beams is normalized for a beamforming coefficient according to the 

number of superposed beams such that gains of all antennas become the same in the 

analog port. As illustrated in FIGs. 10 and 11, the superposed beams enable more 

5 stable communication through a wider beam width in comparison with the unitary 

beams illustrated in FIG. 4.  

Similar to a case where the BS superposes transmission beams to transmit 

signals in downlink, the MS may superpose reception beams through reception 

hybrid beamforming for downlink signals. In this case, the MS determines whether 

10 to trigger transmission beam superposition of the BS in view of reception beam 

superposition of the MS. When the MS can superpose the reception beams, the MS 

can acquire reliability of a received signal by superposing the reception beams of the 

MS with respect to one transmission beam of the BS even though mobility of the 

MS or a channel variation/fluctuation is great. Accordingly, the transmission beam 

15 superposition of the BS is not needed.  

Further, when the BS operates the transmission beam superposition mode, 

the MS may determine indexes of beams to be superposed by the BS or the number 

of beams even in consideration of not only supposition transmission of one or more 

adjacent transmission beams by the BS but also superposition reception of one or 

20 more reception beams by the MS. At this time, the reception beam superposition 

of the MS may be implemented by superposing adjacent reception beams like the 

transmission beam superposition of the BS, or implemented by diversity reception of 

one or more reception beams in different directions by the MS.  

FIG. 12 (including FIGs. 12A and 12B) is a flowchart illustrating an 

25 operation of the MS which operates the beam superposition mode according to 

another embodiment of the present disclosure. Since an operation for downlink 

beam superposition will be described below, the transmission beam corresponds to 

the BS transmission beam and the reception beam corresponds to the MS reception 

beam.  

30 Referring to FIG. 12, in step 1202, the MS receives the beam superposition 

mode broadcasted or unicasted from the BS. The beam superposition mode 

information corresponds to a parameter set indicating a trigger condition between 

the unitary beam mode and the beam superposition mode, and includes at least one 

of, for example, a beam superposition allocation threshold, a beam superposition 

35 release threshold, a beam superposition allocation timer, a beam superposition 

release timer, and a max number of beams supported for superposition. As another 

embodiment, the beam superposition mode information may include an entire 

parameter set indicating a trigger condition of the BS transmission beam 

superposition mode and a parameter set indicating a trigger condition of the MS 

40 reception beam superposition mode. In step 1204, the MS receives reference
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signals which are sequentially transmitted according to each unitary beam or 

simultaneously transmitted by the BS.  

In step 1206, the MS measures or estimates channel qualities of 

transmission beams, adjacent transmission beams, or adjacent reception beams.  

5 Specifically, the MS measures channel qualities of each transmission beam and each 

reception beam, and also estimates channel qualities of a combination of at least one 

higher transmission beam and a predetermined number of transmission beams 

adjacent to the one higher transmission beam and a combination of at least one 

higher transmission beam and a predetermined number of reception beams adjacent 

10 to the one higher reception beam.  

In step 1208, the MS determines whether the BS makes a determination to 

execute the BS transmission beam superposition mode for the MS based on 

scheduling information received from the BS. When it is determined that the BS 

transmission beam superposition mode is used, the MS proceeds to step 1210.  

15 Otherwise, the MS proceeds to step 1216.  

In step 1210, the MS determines whether an off condition of the BS 

transmission beam superposition mode is satisfied based on the trigger condition of 

the beam superposition mode information received in step 1202. In a concrete 

example, when a standard deviation of RSSI/CINR measurements of one best 

20 unitary beam or one or more unitary beams having channel qualities equal to or 

larger than a particular channel quality during a beam superposition release timer is 

within a beam superposition release threshold, the MS releases the beam 

superposition mode, that is, disables the beam superposition mode and makes a 

determination to operate in the unitary beam mode. When the off condition of the 

25 beam superposition mode is satisfied, the MS proceeds to step 1212 to disable the 

beam superposition mode and operate in the unitary beam mode. Otherwise, the 

MS proceeds to step 1222.  

In step 1212, the MS transmits a message for making a request for turning 

off the BS transmission beam superposition mode to the BS. In step 1214, the MS 

30 reports beam indexes for N transmission beams having high channel qualities among 

all transmission beams of the BS, that is, N best transmission beam indexes to the 

BS. The MS may additionally transmit CQI indicating channel qualities of best 

transmission beams, that is, a CINR and/or RSSI to the BS together with the N best 

transmission beam indexes. The number N of beams to be reported may be 

35 predetermined or indicated by control information broadcasted from the BS.  

In step 1232, when the scheduling is made according to burst scheduling of 

the BS, the MS receives a data burst transmitted from the BS through one 

transmission beam selected from the N transmission beams in step 1214.  

In step 1216, the MS determines whether the on condition of the beam 

40 superposition mode is satisfied based on the trigger condition of the beam
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superposition mode information received in step 1202. In a concrete example, 

when a standard deviation of RSSI/CINR measurements during the beam 

superposition allocation timer exceeds the beam superposition allocation threshold, 

the MS makes a determination to enable the beam superposition mode. When the 

5 one condition of the beam superposition mode is satisfied, the MS proceeds to step 

1218.  

In step 1218, when the MS determines that reliability of a received signal 

can be acquired through the superposition of reception beams alone without the 

superposition of transmission beams, that is, when the off condition of the 

10 transmission beam superposition mode is satisfied through the superposition of the 

reception beams alone without the superposition of the transmission beams, the MS 

makes a determination to execute the reception beam superposition mode without 

the transmission beam superposition. For example, when mobility of the MS (for 

example, a Doppler speed) or a channel variation is within a predetermined 

15 threshold, the MS may determine that the transmission beam superposition of the BS 

is not needed. When it is determined that both the transmission beam superposition 

of the BS and the reception beam superposition of the MS are not performed, the 

MS configures (controls) the reception beamforming unit of the MS to receive a 

downlink signal from the BS through the reception beam superposition and proceeds 

20 to step 1214.  

In step 1218, when the off condition of the transmission beam superposition 

mode is not satisfied through the reception beam superposition alone without the 

transmission beam superposition, the MS makes a determination to perform both the 

transmission beam superposition of the BS and the reception beam superposition of 

25 the MS and proceeds to step 1220. In step 1220, the MS transmits a message for 

making a request for turning on the beam superposition mode to the BS. In step 

1222, the MS estimates the number (M) of adjacent beams which satisfy a 

predetermined threshold. Specifically, the MS may determine the number of 

adjacent beams having channel quality measurements which exceed a predetermined 

30 threshold. In step 1224, the MS measures and estimates CQI for M adjacent 

transmission beams and N adjacent reception beams. Specifically, the MS 

measures channel qualities of one transmission beam having the highest channel 

quality among all transmission beams of the BS and each of the M adjacent 

transmission beams including beams adjacent to the one transmission beam and 

35 combines channel quality measurements of all adjacent transmission beams, so as to 

estimate channel qualities of all the M adjacent transmission beams. Similarly, the 

MS measures channel qualities of one reception beam having the highest channel 

quality among all reception beams of the MS and each of the N adjacent reception 

beams including beams adjacent to the one reception beam and combines channel 

40 quality measurements of all adjacent reception beams, so as to estimate channel
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qualities of all the N adjacent reception beams.  

In step 1226, the MS searches for and selects pair(s) of transmission beams 

for transmission beam superposition and reception beams for reception beam 

superposition which satisfy a predetermined reliability criteria. In a concrete 

5 example, the MS selects one or more pairs of adjacent transmission beams and 

adjacent reception beams which have the highest channel qualities. In step 1228, 

the MS reports the number (M) of adjacent transmission beams required and overall 

CQI indicating channel qualities of the M adjacent beams to the BS.  

In step 1232, when the scheduling is made according to burst scheduling of 

10 the BS, the MS receives a data burst transmitted from the BS through the superposed 

transmission beam generated through the superposition of the M adjacent 

transmission beams in step 1224, through the superposed reception beam generated 

through the superposition of the N adjacent reception beams.  

Although the superposition of the BS transmission beams and the MS 

15 reception beams in downlink has been described above, such an operation or process 

can be equally applied to the superposition of the BS transmission beams and the 

MS reception beams in uplink.  

Meanwhile, specific exemplary embodiments have been described in the 

detailed description of the present disclosure, but various changes and modifications 

20 may be made without departing from the spirit and scope of the present disclosure.  

Therefore, the scope of the present disclosure should not be defined as being limited 

to the embodiments, but should be defined by the appended claims and equivalents 

thereof 

In the claims which follow and in the preceding description of the 

25 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.  

30
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Claims: 

1. A method of transmitting a signal using beamforming by a base 

station in a wireless communication system, the method comprising: 

5 determining whether to enable beam superposition using a superposed 

beam for a mobile station; 

determining a number of unitary beams to be superposed and selecting at 

least two adjacent beams to be superposed from among a plurality of unitary beams 

corresponding to an array antenna of the base station based on at least one 

10 predetermined condition and channel quality information of the mobile station, upon 

a determination to enable the beam superposition; 

configuring the array antenna of the base station to form the superposed 

beam by superposing the at least two adjacent beams among the plurality of unitary 

beams; and 

15 communicating a data signal to the mobile station through the superposed 

beam.  

2. The method of claim 1, further comprising transmitting beam 

superposition information indicating the at least one condition to the mobile station, 

20 wherein the at least one condition comprises at least one of: 

a beam superposition allocation threshold indicating a threshold of 

a channel quality measurement of an individual unitary beam for enabling 

the beam superposition; 

a beam superposition release threshold indicating a threshold of a 

25 channel quality measurement of an individual unitary beam; 

a beam superposition allocation timer indicating a minimum time 

required for measuring channel quality for enabling the beam superposition; 

a beam superposition release timer indicating a minimum time 

required for measuring channel quality for disabling the beam 

30 superposition; and 

a maximum number of unitary beams to be superposed indicating a 

maximum number of adjacent beams which is capable of supporting a 

communication with the mobile station by using the beam superposition.  

35 3. The method of claim 1, wherein determining whether to enable the 

beam superposition comprises: 

determining whether the base station schedules the beam superposition for 

the mobile station; and 

determining whether the beam superposition is requested by the mobile
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station based on the at least one predetermined condition.  

4. The method of claim 1, further comprising: 

performing link adaptation and burst scheduling for the at least two 

5 adjacent beams based on channel qualities of the at least two adjacent beam.  

5. The method of claim 1, wherein determining whether to enable the 

beam superposition comprises: 

estimating channel qualities of the at least two adjacent beams by using 

10 reference signals received through the at least two adjacent beams from the mobile 

station; and 

performing link adaptation and burst scheduling for the at least two 

adjacent beams based on the estimated channel qualities.  

15 6. The method of claim 1, further comprising: 

estimating channel qualities of at least two adjacent transmission beams of 

the mobile station by using reference signals transmitted through a plurality of 

unitary transmission beams of the mobile station; 

performing link adaptation and burst scheduling for the at least two 

20 adjacent transmission beams based on the estimated channel qualities; and 

transmitting results of the link adaptation and the burst scheduling for the at 

least two adjacent transmission beams to the mobile station.  

7. The method of claim 1, wherein the at least two adjacent beams to 

25 be superposed comprises a best unitary beam having the highest channel quality for 

the mobile station among the plurality of unitary beams of the base station, and one 

or more unitary beams adjacent to the best unitary beam.  

8. The method of claim 1, wherein a maximum number of the at least 

30 two adjacent beams to be superposed is limited to a number of radio frequency (RF) 

chains included in the base station.  

9. An apparatus of a base station for performing the method of one of 

claims 1 to 8 in a wireless communication system.  

35 

10. A method of receiving a signal using beamforming by a mobile 

station in a wireless communication system, the method comprising: 

determining whether to enable beam superposition using a superposed 

beam based on at least one predetermined condition and channel quality information 

40 of the mobile station;
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reporting, to the base station, first channel quality information comprising a 

channel quality of at least one best unitary beam selected from a plurality of unitary 

beams of the base station, upon a determination not to enable the beam 

superposition; 

5 reporting, to the base station, second channel quality information 

comprising an overall channel quality of at least two adjacent beams to be 

superposed among the plurality of unitary beams, upon a determination to enable the 

beam superposition; and 

receiving a data signal from the base station through a superposed beam 

10 formed by superposing the at least two adjacent beams.  

11. The method of claim 10, further comprising receiving beam 

superposition information indicating the at least one condition from the base station, 

wherein the at least one condition comprises at least one of: 

15 a beam superposition allocation threshold indicating a threshold of 

a channel quality measurement of an individual unitary beam for enabling 

the beam superposition; 

a beam superposition release threshold indicating a threshold of a 

channel quality measurement of an individual unitary beam; 

20 a beam superposition allocation timer indicating a minimum time 

required for measuring channel quality forenabling the beam superposition; 

a beam superposition release timer indicating a minimum time 

required for measuring channel quality for disabling the beam 

superposition; and 

25 a maximum number of unitary beams to be superposed indicating a 

maximum number of adjacent beams which is capable of supporting a 

communication with the base station by using the beam superposition.  

12. The method of claim 10, wherein determining whether to enable 

30 the beam superposition comprises: 

determining whether the base station schedules the beam superposition for 

the mobile station based on scheduling information received from the base station; 

determining whether the beam superposition is required to be enabled based 

on the condition; and 

35 transmitting a request for the enabling or disabling of the beam 

superposition to the base station according to a result of the determination based on 

the at least one predetermined condition.  

13. The method of claim 10, further comprising: 

40 receiving results of link adaptation and burst scheduling for the at least two
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adjacent beams from the base station; and 

transmitting a data signal to the first node through a superposed 

transmission beam of the mobile station based on the results of link adaptation and 

burst scheduling.  

5 

14. The method of claim 10, wherein the at least two adjacent beams 

to be superposed comprises a best unitary beam having the highest channel quality 

for the mobile station among the plurality of unitary beams of the base station, and 

one or more unitary beams adjacent to the best unitary beam.  

10 

15. The method of claim 10, wherein a maximum number of the at 

least two adjacent beams to be superposed is limited to a number of radio frequency 

(RF) chains included in the base station.  

15 16. The method of claim 10, further comprising: 

upon a determination to enable the beam superposition of the base station, 

determining whether to enable a beam superposition mode of the mobile station with 

the beam superposition mode of the base station; 

upon a determinination to enable the beam superposition of the mobile 

20 station with the beam superposition of the base station, estimating overall channel 

qualities corresponding to pairs of adjacent beams of the base staion and adjacent 

beams of the mobile station; and 

selecting at least two adjacent beams of the base station to be superposed 

and at least two adjacent beams of the mobile station to be superposed based on the 

25 overall channel qualities.  

17. An apparatus of a mobile station for performing the method of one 

of claims 10 to 16 in a wireless communication system.
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