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(57) ABSTRACT

A method and an apparatus for transmitting and receiving a
signal in a communication system are provided. The method
includes transmitting a signal to a receiver through one of the
antennas, receiving an antenna switching indicator indicating
to switch the transmitting antenna from the receiver, and
switching the transmitting antenna according to the antenna
switching indicator, and transmitting a signal to the receiver
through a switched antenna.
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1
METHOD AND APPARATUS FOR
TRANSMITTING AND RECEIVING A SIGNAL
IN A COMMUNICATION SYSTEM

TECHNICAL FIELD

The present invention relates to a method and an apparatus
for transmitting and receiving a signal in a communication
system, and more particularly, to a method and apparatus for
selecting a path of a transmitting antenna, applying an adap-
tive modulation scheme according to the selected path, and
transmitting and receiving a signal in a communication sys-
tem in which a transmitter has a plurality of transmitting
antennas.

BACKGROUND ART

Current mobile communication systems are developing
into next-generation mobile communication systems for pro-
viding service capable of transmitting and receiving a large
amount of data at a high speed. In the wireless channel envi-
ronment of mobile communication systems, as opposed to the
wired channel environment, errors occur due to various
causes, such as multipath interference, shadowing, attenua-
tion of electric waves, time-varying noise, interference and
fading, etc., which results in data loss. In addition, the avail-
able frequency band of a wireless channel is limited.

Therefore, next-generation mobile communication sys-
tems must use limited frequency band and power resources
for the sake of a high transmission rate and reliable transmis-
sion in a channel of a varying environment. Adaptive modu-
lation and antenna diversity are the most important factors
allowing such technology. The adaptive modulation scheme
can improve frequency efficiency in a wireless channel envi-
ronment. To use a varying channel while maintaining an
instantaneous error rate below a reference value, the adaptive
modulation scheme adaptively applies a modulation scheme
by adjusting a modulation parameter such as a constellation
size and a coding rate. In general, a modulation mode is
selected based on a comparison result between some previ-
ously determined reference values and received signal inten-
sity. In other words, a transmitter receives state information of
a transceiver channel fed back from a receiver. Here, when the
channel state is good, the transmitter may use a modulation
scheme having a high transmission rate to transmit a signal.
On the other hand, when the channel state is not good, the
transmitter may use a modulation scheme having a low trans-
mission rate to reduce an error rate.

Meanwhile, diversity techniques are being used to remove
instability of communication due to fading. According to an
antenna diversity scheme among the diversity techniques, a
transceiver has a plurality of antennas to transmit and receive
a signal using an antenna having a good channel or through
multiple paths. When there are a plurality of receiving anten-
nas, the optimum antenna combining method used as an
antenna diversity scheme is the well-known Maximum Ratio
Combining (MRC).

In general, receivers may be user terminals, and it may be
difficult for the receivers to have multiple antennas. In addi-
tion, diversity combining schemes have only been researched
separately from the adaptive modulation scheme and never
been considered in association with the adaptive modulation
scheme. But today, to efficiently use limited resources of
wireless channels and improve reliability, it is necessary for a
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transmitting end to combine a diversity scheme using mul-
tiple antennas with the adaptive modulation scheme.

DISCLOSURE OF INVENTION
Technical Problem

The present invention is directed to a method and apparatus
for transmitting and receiving a signal in a communication
system which combine an adaptive modulation scheme with
a multiple-antenna diversity scheme of a transmitter and thus
can efficiently transmit data while ensuring reliability.

The present invention is also directed to a method and
apparatus for transmitting and receiving a signal in a commu-
nication system in which a transmitter including a plurality of
antennas can switch an antenna through feedback and trans-
mit a signal when a Signal-to-Noise Ratio (SNR) of a signal
received at a receiver is less than a reference value.

Technical Solution

One aspect of the present invention provides a method of
transmitting and receiving a signal at a transmitter including
a plurality of antennas, the method including: transmitting a
signal to a receiver through one of the antennas; receiving an
antenna switching indicator indicating to switch the transmit-
ting antenna from the receiver; and switching the transmitting
antenna according to the antenna switching indicator, and
transmitting a signal to the receiver through a switched
antenna.

The antennas may have different directivities from one
another. The receiver may measure a Signal-to-Noise Ratio
(SNR) of the received signal, and then feed back the antenna
switching indicator to the transmitter when the SNR is less
than a reference value.

The method may further include receiving a modulation
mode index from the receiver, and the transmitter may modu-
late a subsequent signal according to a modulation mode
corresponding to the modulation mode index and transmit the
modulated signal. In addition, the receiver may compare an
SNR of the received signal with a threshold value y,,, (n=N,
N-1, ..., 2) for determining a modulation mode, and deter-
mine n as the modulation mode when the SNR is less than
Y71 and greater than or equal to v,.

The method may further include transmitting multi-trans-
mitter-antenna mode information indicating that the signal is
transmitted through the multiple transmitting antennas to the
receiver. In addition, the multi-transmitter-antenna mode
information may include at least one of information on a
number of the antennas and a reference value. Furthermore,
when the receiver continuously feeds back as many antenna
switching indicators as the number of the antennas to the
transmitter, the receiver may feed back information on an
antenna having the highest SNR among the antennas to the
transmitter, and the transmitter may transmit the signal
through the antenna having the highest SNR.

Another aspect of the present invention provides a method
of transmitting and receiving a signal at a receiver connected
with a transmitter including a plurality of transmitting anten-
nas through a wireless channel, the method including: receiv-
ing a signal from the transmitter through one of the transmit-
ting antennas; measuring a Signal-to-Noise Ratio (SNR) of
the received signal; comparing the measured SNR with a
reference value; and transmitting to the transmitter an antenna
switching indicator indicating to switch the transmitting
antenna when the measured SNR is less than the reference
value as a result of the comparison.
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The method may further include: determining a modula-
tion mode corresponding to the measured SNR; and transmit-
ting a modulation mode index according to the determined
modulation mode to the transmitter, and the receiver may
compare the measured SNR with a threshold value vy, (n=N,
N-1, ..., 2) for determining a modulation mode and deter-
mine n as the modulation mode when the SNR is less than
Y7..1 and greater than or equal to y,.

The method may further include receiving multi-transmit-
ter-antenna mode information indicating that the signal is
transmitted through the multiple transmitting antennas from
the transmitter. In addition, the multi-transmitter-antenna
mode information may include at least one of information on
a number of the antennas and the reference value. Further-
more, when the receiver continuously feeds back as many
antenna switching indicators as the number of the antennas to
the transmitter, and SNRs of all the antennas of the transmitter
are less than the reference value, the receiver may feed back
information on an antenna having the highest SNR among the
antennas of the transmitter to the transmitter.

In addition, when the receiver continuously transmits
many antenna switching indicators as the number of the
antennas to the transmitter, and all SNRs of the transmitting
antennas are less than a threshold value v, the receiver may
request the transmitter to transmit a signal using a Quadrature
Phase Shift Keying (QPSK) modulation scheme. In addition,
when the receiver continuously transmits as many antenna
switching indicators as the number of the antennas to the
transmitter, and all SNRs of the transmitting antennas are less
than a threshold value y,,, the receiver may transmit to the
transmitter a request to store data in a buffer and wait for a
next guard period.

Still another aspect of the present invention provides an
apparatus for transmitting and receiving a signal, including: a
transmitter including a plurality of transmitting antennas,
modulating a signal according to a modulation mode fed back
from a receiver, transmitting the modulated signal, and
switching a transmitting antenna according to an antenna
switching indicator received from the receiver; and the
receiver feeding back the antenna switching indicator to the
transmitter when a Signal-to-Noise Ratio (SNR) of the signal
transmitted from the transmitter is less than a reference value.

The receiver may determine the modulation mode corre-
sponding to the SNR of the signal transmitted from the trans-
mitter and feed back the modulation mode to the transmitter.
The transmitter may include: a modulator for modulating the
transmission signal according to the modulation mode fed
back from the receiver; and a switching controller for con-
trolling switching of the transmitting antenna according to the
antenna switching indicator fed back from the receiver. The
receiver may include: an SNR measurer for measuring SNRs
of' the respective antennas with respect to the received signal;
a switching determiner for comparing the measured SNR
with the reference value and determining whether to switch
the transmitting antenna of the transmitter or not; and a modu-
lation mode determiner for determining the modulation mode
using the measured SNR. The receiver may feed back as many
antenna switching indicators as a number of the antennas of
the transmitter, and feed back information on an antenna
having the highest SNR among the antennas of the transmitter
to the transmitter when SNRs of all the antennas of the trans-
mitter are less than the reference value.

Advantageous Effects

According to the present invention, an adaptive modulation
scheme is combined with a multi-transmitter-antenna diver-
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sity scheme, and thus it is possible to provide a method and an
apparatus for transmitting and receiving a signal in a commu-
nication system which can efficiently transmit data while
ensuring reliability.

According to the present invention, multiple antennas of a
transmitting end have different directivities, the whole direc-
tional antennas look like an omni directional antenna. How-
ever, the present invention actually switches to a directional
antenna having the optimum directivity with respect to a user
and uses it, thereby obtaining the optimum antenna gain. The
present invention can be optimally used in a Wireless Per-
sonal Area Network (WPAN) system based on oncoming
Millimeter (MM) waves.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an apparatus for transmitting
and receiving a signal according to an exemplary embodi-
ment of the present invention.

FIG. 2 is a block diagram of a transmitter according to an
exemplary embodiment of the present invention.

FIG. 3 is a block diagram of a receiver according to an
exemplary embodiment of the present invention.

FIG. 4 is a signal flowchart between a transmitter and a
receiver according to an exemplary embodiment of the
present invention.

FIG. 5 is a flowchart showing a signal transmitting and
receiving process at a transmitter according to an exemplary
embodiment of the present invention.

FIG. 6 is a flowchart showing a signal transmitting and
receiving process at a receiver according to an exemplary
embodiment of the present invention.

* Description of Major Symbols in the above Figures

105: Receiver
203: Switching controller
305: Switching determiner

101: Transmitter

201: Modulator

301: SNR measurer

307: Modulation mode determiner

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, an exemplary embodiment of the present
invention will be described in detail with reference to the
accompanying drawings. However, the present invention is
not limited to the exemplary embodiment disclosed below,
but can be implemented in various types. Therefore, the
present exemplary embodiment is provided for complete dis-
closure of the present invention and to fully inform the scope
of the present invention to those ordinarily skilled in the art.

FIG. 1 is a block diagram of an apparatus for transmitting
and receiving a signal according to an exemplary embodi-
ment of the present invention, and FIGS. 2 and 3 are block
diagrams of a transmitter and a receiver according to an
exemplary embodiment of the present invention, respectively.

Referring to FIGS. 1 to 3, the apparatus for transmitting
and receiving a signal according to an exemplary embodi-
ment of the present invention includes a transmitter 101
including a plurality of antennas 103-1, 103-2, . . . , and
103-L, and a receiver 105 including at least one antenna 107
and a comparator 106.

As illustrated in FIG. 2, the transmitter 101 includes a
modulator 201, a switching controller 203 and a transceiver
205. As illustrated in FIG. 3, the receiver 105 includes a
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transceiver 301, a Signal-to-Noise Ratio (SNR) measurer
303, a switching determiner 305 and a modulation mode
determiner 307. The SNR measurer 303 and the switching
determiner 305 may correspond to the comparator 106 of
FIG. 1.

A signal to be transmitted from the transmitter 101 to the
receiver 105 is modulated by the modulator 201 and trans-
mitted through one of the antennas 103-1, 103-2, . . ., and
103-L. The transmitted signal is input to the receiver 105
through the receiving antenna 107, after passing through a
wireless channel. Here, the antennas 103-1, 103-2, . . ., and
103-L preferably have directivities. When the transmitter 101
has the antennas 103 numbering L, respective antennas have
a directivity of

2n
I

When the transmitting antennas 103-1,103-2, ..., and 103-L.
have the specific directivity, it is possible to obtain as much
power gain as the degree of the directivity in comparison with
an omni-directional antenna. In other words, the power gain
of'the transmitter 101 may increase as much as multiplied by
L.

The transmitter 101 has one Radio Frequency (RF) chain
and thus uses one of the antennas 103-1,103-2, ..., and 103-L
to transmit a transmission signal to the receiver. When the
transmitter 101 transmits a signal to the receiver 105 for the
first time, the transmitter 101 may select a random antenna
from the antennas 103-1, 103-2, . . ., and 103-L and transmit
the signal to the receiver 105 through the selected antenna.
When the transmitter 101 receives an antenna switching indi-
cator from the receiver 105 indicating to switch a current
antenna, it switches from the current transmitting antenna to
another antenna.

The modulator 201 performs an adaptive modulation
scheme according to a wireless channel environment. Here,
M-ary Quadrature Amplitude Modulation (M-QAM) is
applied as the modulation scheme according to the wireless
channel environment. According to the present invention, a
modulation mode is determined by the modulation mode
determiner 307 of the receiver 105 and is fed back to the
transmitter 101, and then an adaptive modulation scheme is
performed according to the determined modulation mode.

The SNR measurer 303 of the receiver 105 measures an
SNR of a signal received through the receiving antenna 107.
Then, the switching determiner 305 compares the measured
SNR with a specific reference value, and determines to switch
a current transmitting antenna of the transmitter 101 when the
SNR is less than the reference value. When it is determined to
switch the current transmitting antenna of the transmitter 101,
the receiver 105 feeds back an antenna switching indicator to
the transmitter 101, and the transmitter 101 switches the
current transmitting antenna through the switching controller
203.

Here, the antenna switching indicator may be fed back only
when the switching determiner 305 determines to switch a
transmitting antenna. In addition, even when it is determined
not to switch a transmitting antenna, the antenna switching
indicator having a different value indicating not to switch the
transmitting antenna may be fed back to the transmitter 101.
The antenna switching indicator can be represented by one
bit. For example, “1” may indicate to switch a transmitting
antenna, and “0” may indicate not to switch a transmitting
antenna. Meanwhile, the switching indicator and a modula-
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tion mode index to be described below may be fed back
together or separately from the receiver 105 to the transmitter
101.

The modulation mode determiner 307 of the receiver 105
determines a modulation mode using the measured SNR. In
particular, when SNRs are classified into N regions, the SNR
measured by the SNR measurer 303 belongs to one of the N
regions. More specifically, when the measured SNR belongs
to an n-th region (Y 4,,Y 7,1 ) among the N regions, the receiver
105 feeds back a modulation mode index of n to the transmit-
ter 101, and the transmitter 101 performs 2”-QAM. In other
words, when the SNR is less than v, and greater than or
equal to y,, the receiver 105 determines 2”-QAM as a modu-
lation mode. Here, n has a value of 2 to N, and a constellation
size is denoted by 2"=M.

Respective threshold values y;, of the N regions vary
according to a target Bit Error Rate (BER). In the cases ofthe
target BER being 1%, 0.1% and 0.01%, threshold values by
which respective modulation levels are classified are shown
in Table 1 below.

TABLE 1

Yz, [dB] for Yz, [dB] for Yz, [dB] for
n BER, =102 BER, =103 BER, =107
2 7.33 9.64 11.35
3 11.84 13.32 16.07
4 13.90 16.63 18.23
5 17.83 19.79 22.29
6 19.73 22.86 24.30
7 23.85 2591 28.24
8 25.43 28.94 30.23

The receiver 105 feeds back an index indicating the deter-
mined modulation mode to the transmitter 101. Here, a short
guard period may be periodically inserted in the signal in
consideration of a time for the receiver 105 to measure an
SNR of a received signal and determine whether or not to
switch a current antenna and a modulation mode.

Meanwhile, the specific reference value may be deter-
mined to be the minimum modulation size in order to limit the
number of antenna switching to the minimum while satisfy-
ing the required minimum transmission rate. Also, in order to
maximize frequency efficiency, the specific reference value
may be determined to be the maximum modulation size. The
reference value may be determined in the transmitter 101 and
transmitted to the receiver 105, or determined in the receiver
105.

FIG. 4 is a signal flowchart between a transmitter and a
receiver according to an exemplary embodiment of the
present invention.

Referring to FIG. 4, the transmitter modulates a signal to be
transmitted and then transmits the modulated signal to the
receiver (step 401). Here, the transmitter transmits the signal
through one of a plurality of antennas. When the transmitter
performs first communication with the receiver, the transmit-
ter may transmit information indicating that the signal is
transmitted using the multiple antennas, that is, information
indicating a multi-transmitter-antenna mode to the receiver.
Here, the multi-transmitter-antenna mode information may
include information on a reference value for the receiver to
determine whether or not to switch the transmitting antenna
and information on the number of the transmitting antennas.

Subsequently, the receiver measures an SNR of the
received signal and compares the SNR with the reference
value to determine whether or not to switch the transmitting
antenna (step 403). More specifically, the receiver determines
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not to switch the transmitting antenna when the measured
SNR is greater than or equal to the reference value, and
determines to switch the transmitting antenna when the mea-
sured SNR is less than the reference value. As described
above, the reference value may be determined in the trans-
mitter and transmitted to the receiver, be predetermined in the
receiver, or adaptively vary.

The receiver transmits an antenna switching indicator to
the transmitter according to whether or not to switch the
transmitting antenna, which is determined in step 403 (step
405). The antenna switching indicator may be transmitted
only when it is determined to switch the transmitting antenna.
After receiving the antenna switching indicator, the transmit-
ter switches from the current transmitting antenna to another
antenna when the antenna switching indicator indicates to
switch the transmitting antenna (step 407). Subsequently, the
transmitter transmits a signal to the receiver through the
switched transmitting antenna (step 409).

Meanwhile, the receiver may transmit a modulation mode
index corresponding to the SNR measured in step 403 to the
transmitter. Here, the receiver transmits the modulation mode
index using a channel which is the same as or different from
the switching indicator. Subsequently, the transmitter trans-
mits the signal modulated according to a modulation scheme
corresponding to the determined modulation mode to the
receiver in step 409.

When the receiver determines to continuously switch the
transmitting antenna as many times as the number of the
antennas, and SNRs of all the transmitting antenna paths are
less than y,,, the receiver may operate according to two
options below in a process of transmitting a modulation mode
index. The receiver may request the transmitter to transmit a
signal using the lowest modulation mode in violation of a
target BER, i.e., a Quadrature Phase Shift Keying (QPSK)
modulation scheme (option 1). Otherwise, the receiver may
request the transmitter to store data in a buffer and wait for a
better channel environment until a next guard period (option
2).

According to what the reference value is, 2 minimum esti-
mation scheme or bandwidth-efficient scheme may be used.

First, the minimum estimation scheme will be described
below.

The minimum estimation scheme is intended to minimize
the number of times that a transmitter switches an antenna.
Here, a receiver sets the lowest reference value v, as a ref-
erence value for antenna switching. When an SNR of a cur-
rent antenna is greater than or equal to the reference value y -,
the receiver compares the SNR of the current antenna path
with threshold values for determining a modulation mode.
When the SNR is less than y4,,; and greater than or equal to
Y7 the receiver determines n as a modulation mode. Here, the
modulation scheme becomes 2”"-QAM. The receiver feeds
back the determined modulation mode to the transmitter, and
the transmitter modulates a subsequent data burst according
to the fed-back modulation scheme.

Meanwhile, when the SNR of the current antenna is less
than v, the transmitter may be instructed to switch all trans-
mitting antennas, that is, SNRs of all the transmitting anten-
nas are less than y,,. In this case, the receiver may perform
one of two options below. The receiver may request the trans-
mitter to transmit a signal using the lowest modulation mode
in violation of a target BER, i.e., the QPSK modulation
scheme (option 1). Otherwise, the receiver may request the
transmitter to store data in a buffer and wait for a better
channel environment until a next guard period (option 2).
According to option 1, the receiver may receive a signal via
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the latest antenna path, or feed back the best antenna path to
the transmitter and receive a signal via the best antenna path.

Next, the bandwidth-efficient scheme will be described
below.

The bandwidth-efficient scheme is intended to maximize
frequency efficiency. To increase frequency efficiency, the
highest modulation mode is needed. More specifically, the
receiver determines the highest value y,,,,as a reference value.
When an SNR of a current antenna path is greater than or
equal to the reference value v, the receiver stops antenna
switching and requests the transmitter to modulate a subse-
quent data burst using 2”-QAM and transmit the modulated
data burst. When the SNR of the current antenna path
becomes less than the reference value v, the receiver feeds
back a signal indicating to search for and switch to an antenna
path having a greater SNR than the reference valuey .. When
SNRs of all antennas are less than the reference valuey ,,, the
receiver may determine a modulation mode according to an
SNR of the latest antenna path and feed back the determined
modulation mode to the transmitter. Otherwise, the receiver
may compare the SNRs of all antenna paths to determine the
highest SNR, and determine transmitting antenna informa-
tion and a modulation mode corresponding to the determined
SNR and feed back the determined transmitting antenna
information and modulation mode to the transmitter.

Meanwhile, in the worst case, that is, when the SNRs of all
the antenna paths are less than v, the bandwidth-efficient
scheme may operate according to one of two options like the
minimum estimation scheme. The receiver may request the
transmitter to transmit a signal using the lowest modulation
mode in violation of a target BER, i.e., the QPSK modulation
scheme (option 1). Otherwise, the receiver may request the
transmitter to store data in a buffer and wait for a better
channel environment until a next guard period (option 2).

FIG. 5 is a flowchart showing a signal transmitting and
receiving process at a transmitter according to an exemplary
embodiment of the present invention.

Referring to FIG. 5, the transmitter modulates a signal to be
transmitted to areceiver and transmits the modulated signal to
the receiver (step 501). Here, the transmitter may transmit
multi-transmitter-antenna mode information indicating that
multiple antennas are used to the receiver. The multi-trans-
mitter-antenna mode information may include information
on the number of transmitting antennas and information on a
reference value for determining whether or not to switch a
transmitting antenna. Subsequently, the transmitter receives
an antenna switching indicator and a modulation mode index
from the receiver (step 503). Here, the antenna switching
indicator and the modulation mode index may be received
through the same channel or different channels.

The transmitter determines whether the antenna switching
indicator indicates to switch the transmitting antenna or not
(step 505). When it is determined that the antenna switching
indicator indicates to switch the transmitting antenna, the
process proceeds to step 507, and the transmitter switches the
current transmitting antenna to another antenna. On the other
hand, when it is determined that the antenna switching indi-
cator does not indicate to switch the transmitting antenna, the
process proceeds to step 509. In step 509, the transmitter
modulates a signal according to a modulation mode corre-
sponding to the received modulation mode index and then
transmits the modulated signal to the receiver.

FIG. 6 is a flowchart showing a signal transmitting and
receiving process at a receiver according to an exemplary
embodiment of the present invention.



US 8,712,341 B2

9

Referring to FIG. 6, the receiver receives a signal transmit-
ted from a transmitter (step 601). The receiver measures an
SNR of the received signal (step 603).

Subsequently, the receiver compares the measured SNR
with a specific reference value (step 605). Here, the reference
value may be transmitted from the transmitter, be determined
in the receiver itself, or adaptively vary according to the type
of communication with the transmitter.

When it is determined in step 605 that the SNR is greater
than or equal to the reference value, the process proceeds to
step 607. On the other hand, when it is determined the SNR is
less than the reference value, the process proceeds to step 609.

In step 607, the receiver compares the SNR with threshold
values Y5, Yzus - - - » Y13, fOr determining a modulation mode.
When the SNR is less than y4,,; and greater than or equal to
Y,» the receiver determines n as a modulation mode and feeds
back the modulation mode to the transmitter.

In step 609, the receiver feeds back an antenna switching
indicator to switch a transmitting antenna and a modulation
mode index to the transmitter. Here, the modulation mode
index is determined as described in step 607.

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

The invention claimed is:

1. A method of transmitting and receiving a signal at a
transmitter including a plurality of antennas used for milli-
meter waves, the method comprising:

transmitting, to a receiver, information indicating a thresh-

old value for antenna switching;

transmitting, to the receiver, a first signal through a trans-

mitting antenna which is one of the plurality of antennas
used for the millimeter waves;

receiving, from the receiver, an antenna switching indica-

tor requesting to switch the transmitting antenna;
switching the transmitting antenna according to the
antenna switching indicator; and

transmitting a signal to the receiver through a switched

antenna,

wherein the antenna switching indicator is received when a

Signal-to-Noise Ratio (SNR) of the first signal is lower
than the threshold value, and

the transmitter is applied to a wireless personal area net-

work (WPAN) system based on the millimeter waves.

2. The method of claim 1, wherein the plurality of antennas
have different directivities from one another.

3. The method of claim 1, further comprising:

receiving a modulation mode index from the receiver,

wherein the transmitter modulates the second signal

according to a modulation mode corresponding to the
modulation mode index and transmits the modulated
signal.

4. The method of claim 3, wherein the receiver compares
the Signal-to-Noise Ratio (SNR) of the first signal with the
threshold value vy5, (n=N, N-1, . . ., 2) for determining a
modulation mode, and determines n as the modulation mode
index when the SNR is less than v,,,,, and greater than or
equal to v,

5. The method of claim 1, further comprising:

transmitting, to the receiver, information on a number of

the plurality of antennas.

6. The method of claim 1, further comprising:

receiving a request to store subsequent signals in a buffer

and wait until a next guard period when a Signal-to-
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Noise Ratio (SNR) of all of the plurality of antennas are
lower than the threshold value.

7. A method of transmitting and receiving a signal at a
receiver connected with a transmitter including a plurality of
antennas used for millimeter waves through a wireless chan-
nel, the method comprising:

receiving, from the transmitter, information indicating a

reference value for antenna switching;

receiving, from the transmitter, a first signal through a

transmission antenna which is one of the plurality of
antennas used for the millimeter waves;

measuring a Signal-to-Noise Ratio (SNR) of the first sig-

nal;

comparing the measured SNR with the threshold value;

transmitting, to the transmitter, an antenna switching indi-

cator requesting to switch the transmitting antenna when
the measured SNR is lower than the threshold value as a
result of the comparison; and

receiving a second signal transmitted from a switched

antenna of the transmitter,

wherein the receiver is applied to a wireless personal area

network (WPAN) system based on the millimeter waves.

8. The method of claim 7, further comprising:

determining a modulation mode corresponding to the mea-

sured SNR; and
transmitting a modulation mode index according to the
determined modulation mode to the transmitter,

wherein the receiver compares the measured SNR with the
threshold value y,, (n=N, N-1, . . ., 2) for determining
a modulation mode and determines n as the modulation
mode.

9. The method of claim 7, further comprising:

receiving at least one of information on a number of the

plurality of antennas.

10. The method of claim 9, wherein when the receiver
continuously transmits as many antenna switching indicators
as the number of the plurality of antennas and SNRs of all the
transmitting antennas are lower than a lowest threshold value
Y72, the receiver requests the transmitter to transmit a subse-
quent signal using a Quadrature Phase Shift Keying (QPSK)
modulation scheme.

11. The method of claim 9, wherein when the receiver
continuously transmits as many antenna switching indicators
as the number of the plurality of millimeter wave antennas
and SNRs of all the transmitting antennas are lower than the
threshold value y 1, the receiver transmits to the transmitter a
request to store subsequent signals in a buffer and wait for a
next guard period.

12. A transmitter for transmitting a signal in a wireless
personal network (WPAN) system based on millimeter
waves, the apparatus comprising:

a controller;

a transceiver; and

a plurality of antennas used for the millimeter waves,

wherein the transmitter is configured to:
transmit, to a receiver using the transceiver, information
indicating a threshold value for antenna switching;

transmit, to the receiver using the transceiver, a first signal
through a transmitting antenna which is one of the plu-
rality of antennas;

receive, from the receiver using the transceiver, an antenna

switching indicator requesting to switch the transmitting
antenna;

switch the transmitting antenna according to the antenna

switching indicator by using the controller; and
transmit a second signal to the receiver through a switched
antenna,



US 8,712,341 B2

11

wherein the antenna switching indicator is received when a
Signal-to-Noise Ratio (SNR) of the first signal is lower
than the threshold value.

13. The transmitter of claim 12, wherein the apparatus
further configured to transmit, to the receiver by using the
transceiver, information on a number of the plurality of anten-
nas.

14. The transmitter of claim 13, wherein the plurality of
antennas have different directivities from one another.

15. A receiver for receiving a signal from a transmitter
including a plurality of antennas used for millimeter waves in
a wireless personal network (WPAN) system, the receiver
comprising:

a controller;

a transceiver; and

wherein the receiver is configured to:

receive, from a transmitter by using the transceiver, infor-
mation indicating a threshold value for antenna switch-
ing:

receive, from the transmitter by using the transceiver, a first
signal through a transmission antenna which is one of
the plurality antennas used for millimeter waves;

measure, by using the controller, a Signal-to-Noise Ratio
(SNR) of the first signal;

compare, by using the controller, the measured SNR with
the threshold value;
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transmit, to the transmitter by using the transceiver, an
antenna switching indicator requesting to switch the
transmitting antenna when the measured SNR is lower
than the threshold value as a result of the comparison;
and

receive a second signal transmitted from a switched

antenna of the transmitter by using the transceiver,
wherein the receiver is applied to the WPAN system based
on millimeter waves.

16. The receiver of claim 15, wherein the receiver is further
configured to receive information on anumber of the plurality
of antennas.

17. The receiver of claim 16, wherein the receiver is con-
figured to:

determine a modulation mode corresponding to the mea-

sured SNR by using the controller; and

transmit a modulation mode index according to the deter-

mined modulation mode to the transmitter by using the
transceiver,

wherein the receiver compares the measured SNR with the

threshold value (n=N, N-1, . . ., 2) for determining a
modulation mode and determines n as the modulation
mode.



