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Receiving a signal from a transmitter of the jl

combinerless LINC OFDM system

'

Generating a CP removed signal by removing 532
a CP from the signal /
833

Generating a DFT signal by applying a DFT
operation to the CP removed signal J

Generating an interference cancelled signal by /834

removing interferences from the DFT signal

l S35
Generating a plurality of equalized symbols /

Generating a plurality of soft bits from the /836

equalized symbols

l

Generating a plurality of candidates regarding | S37
a transmitted bit sequence based on the soft J
bits by a list-Viterbi decoding algorithm

Deciding an estimated transmitted bit 538

sequence corresponding to the transmitted bit
sequence from the candidates

FIG. 3A
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$381

Generating a symbol sequence for each of the
candidates J

|

Generating an estimated signal for each of the
: S382
symbol sequences according to the first
channel response and the second channel J
response

Comparing each of the estimated signal with 383

the DFT signal

|

Selecting the candidate whose corresponding | 384
estimated signal is closest to the DFT signal /
as the estimated transmitted bit sequence

FIG. 3B
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RECEIVER AND RECEIVING METHOD FOR
A COMBINERLESS LINC OFDM SYSTEM

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] Not applicable.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a receiver and a
receiving method of an Orthogonal Frequency Division Mul-
tiplexing (OFDM) system. More particularly, the present
invention relates to a receiver and a receiving method of a
combinerless Linear amplification with Nonlinear Compo-
nent (LINC) OFDM system.

[0004] 2. Descriptions of the Related Art

[0005] Orthogonal Frequency Division Multiplexing
(OFDM) is a technique that is commonly used in a wireless
communication system. One of the main drawbacks of
OFDM systems is its high peak to average power ratio, which
yields the high power consumption problem.

1. Field of the Invention

[0006] The linear amplification with nonlinear component
(LINC) technique is an effective remedy to the aforemen-
tioned drawbacks. A transmitter 1 of a conventional combin-
erless LINC OFDM system is illustrated in FIG. 1, which
comprises a channel encoder 11, an interleaver 12, a symbol
mapper 13, an inverse discrete Fourier transformer 14, a
signal component separator 15, two cyclic prefix (CP) inser-
tion units 16a, 165, two power amplifiers 17a, 175, and two
antennas 18a, 185.

[0007] Inthe transmitter 1, a bit sequence 100 is processed
by the channel encoder 11, the interleaver 12, the symbol
mapper 13, and the inverse discrete Fourier transformer 14 in
sequence in order to generate an OFDM modulated signal
102. The operations performed by the channel encoder 11, the
interleaver 12, the symbol mapper 13, and the inverse discrete
Fourier transformer 14 are well-known to people ordinary
skilled in the art. Afterwards, the OFDM modulated signal
102 is passed to the signal component separator 15 and then
decomposed into two constant-envelope component signals
1044, 1045. Then, the two constant-envelope component sig-
nals 104a, 1045 are processed by the CP insertion units 16a,
165 and the two high efficiency nonlinear power amplifiers
17a, 17b. Next, the amplified signals 1064, 1065 are trans-
mitted by the antennas 18a, 185, respectively. With the two
antennas 184, 185, two component signals can be naturally
combined at the receiver.

[0008] Although conventional combinerless LINC OFDM
systems can avoid the drawback of conventional OFDM sys-
tems, it yields another problem though. To be more specific,
the performance of a receiver of a conventional combinerless
LINC-OFDM system will be seriously affected if there is
difference, even small, between the channels of the antennas
18a, 185 that the two amplified signals 1064, 1065 propagate.
Although using a maximum likelihood (ML) detector at the
receiver for estimating the bit sequence 100 can effectively
solve the problemny, its computational complexity is extremely
high. Consequently, there is an urgent need in providing a
receiving mechanism for combinerless LINC OFDM sys-
tems.
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SUMMARY OF THE INVENTION

[0009] To solve the aforementioned problems of conven-
tional combinerless LINC OFDM systems, the present inven-
tion provides a receiver and a receiving method for use in a
combinerless Linear amplification with Nonlinear Compo-
nent (LINC) Orthogonal Frequency Division Multiplexing
(OFDM) system.

[0010] The receiver of the present invention comprises an
antenna, a Cyclic Prefix (CP) remover, a discrete Fourier
transformer, an equalizer, a soft demapper, a decoder, and a
detector. The antenna is configured to receive a signal from a
transmitter of the combinerless LINC OFDM system. The CP
remover is electrically connected to the antenna and config-
ured to generate a CP removed signal by removing a CP from
the signal. The discrete Fourier transformer is electrically
connected to the CP remover and configured to generate a
Discrete Fourier Transform (DFT) signal by applying a DET
operation to the CP removed signal. The equalizer is config-
ured to generate a plurality of equalized symbols according to
the DFT signal. The soft demapper is electrically connected
to the equalizer and configured to generate a plurality of soft
bits from the equalized symbols. The decoder is electrically
connected to the soft demapper and configured to generate a
plurality of candidates regarding a transmitted bit sequence
from the transmitter based on the soft bits by a list-Viterbi
decoding algorithm, wherein each of the candidates is a pre-
dicted bit sequence of the transmitted bit sequence. The
detector is electrically connected to the decoder and config-
ured to decide an estimated transmitted bit sequence corre-
sponding to the transmitted bit sequence from the candidates.

[0011] The receiving method of the present invention com-
prises the steps of: (a) receiving a signal from a transmitter of
the combinerless LINC OFDM system, (b) generating a CP
removed signal by removing a CP from the signal, (¢) gener-
ating a DFT signal by applying a DFT operation to the CP
removed signal, (d) generating a plurality of equalized sym-
bols according to the DFT signal, (e) generating a plurality of
soft bits from the equalized symbols, (f) generating a plurality
of candidates regarding a transmitted bit sequence from the
transmitter based on the soft bits by a list-Viterbi decoding
algorithm, wherein each of the candidates is a predicted bit
sequence of the transmitted bit sequence, and (g) deciding an
estimated transmitted bit sequence corresponding to the
transmitted bit sequence from the candidates.

[0012] Briefly speaking, the receiver and the receiving
method of the present invention adopt a list Viterbi decoding
algorithm (LVA) as the decoder. Since the list Viterbi decod-
ing algorithm can provide a small number of candidates for
the subsequent detector, the required computational com-
plexity of the detector can be dramatically reduced. In addi-
tion, as the transmitter of the LINC OFDM system comprises
two antennas, the equalizer used in the present invention is an
enhanced zero-forcing one so that the soft-demapping opera-
tion can be effectively conducted. Moreover, interference
cancellation mechanism may be adopted in the receiver as
well in order to further enhance the performance.

[0013] The detailed technology and preferred embodi-
ments implemented for the subject invention are described in
the following paragraphs accompanying the appended draw-
ings for people skilled in this field to well appreciate the
features of the claimed invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates a transmitter 1 of a conventional
combinerless LINC OFDM system;

[0015] FIG. 2A illustrates a receiver 2 of the first embodi-
ment;

[0016] FIG. 2B illustrates an example for realizing the
detector 28;

[0017] FIG. 3A illustrates a flowchart of the receiving
method of the second embodiment; and

[0018] FIG. 3B illustrates a flowchart of the step S38.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] In the following descriptions, a receiver and a
receiving method for use in a combinerless Linear amplifica-
tion with Nonlinear Component (LINC) Orthogonal Fre-
quency Division Multiplexing (OFDM) system will be
explained with reference to embodiments thereof. However,
these embodiments are not intended to limit the present
invention to any environments, applications, or implementa-
tions described in these embodiments. Therefore, the descrip-
tion of these embodiments is only for the purpose of illustra-
tion rather than to limit the present invention. It shall be
appreciated that in the following embodiments and attached
drawings, elements not directly related to the present inven-
tion are omitted from depiction.

[0020] A first embodiment of the present invention is a
receiver 2 for use in a combinerless LINC OFDM system and
a schematic view of which is illustrated in FIG. 2A. The
receiver 2 is able to cooperate with the transmitter 1 drawn in
FIG. 1.

[0021] The receiver 2 comprises an antenna 21, a cyclic
prefix (CP) remover 22, a discrete Fourier transformer 23, an
interference cancellator 24, an equalizer 25, a soft demapper
26, a decoder 27, and a detector 28. The CP remover 22 is
electrically connected to the antenna 21, the discrete Fourier
transformer 23 is electrically connected to the interference
cancellator 24, the CP remover 22, and the detector 28, the
interference cancellator 24 is electrically connected to the
equalizer 25 and the detector 28, the soft demapper 26 is
electrically connected to the equalizer 25 and the decoder 27,
and the detector 28 is electrically connected to the decoder 27.
[0022] The antenna 21 receives a signal 202 from a trans-
mitter (e.g. the transmitter 1 drawn in FIG. 1) of the combin-
erless LINC OFDM system. The CP remover 22 then gener-
ates a CP removed signal 204 by removing a CP from the
signal 202. It is noted that the operations performed by the
antenna 21 and the CP remover 22 are well known to people
ordinary skilled in the art, so the details are not described
herein.

[0023] Next, the discrete Fourier transformer 23 generates
a Discrete Fourier Transform (DFT) signal 206 by applying a
DFT operation to the CP removed signal 204. Although the
DFT operation is also well known to people ordinary skilled
in the art, it should be emphasized that the DFT signal 206 is
modeled by the following Equation (1) in the present inven-
tion.

L J H 8y
y= E'Hl + Hy)s + E(Hl - H)FC(s)F s +n
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[0024] Inthe above equation, the vector y denotes the DFT
signal 206, the matrix H, denotes the channel response of the
first antenna of the transmitter, the matrix H, denotes the
channel response of the second antenna of the transmitter, the
vector s denotes a plurality of OFDM symbols generated by a
symbol mapper of the transmitter (e.g. the symbol mapper 13
shown in FIG. 1), the matrix F denotes the DFT operation, the
matrix F¥ denotes the inverse DFT operation, and the vector
1 denotes the noise. The content of the matrix H, and H, may
be different; that is, the channel response of the first antenna
of the transmitter and the channel response of the second
antenna of the transmitter may be different. In addition, the
vector s, is equivalent to F¥s and the matrix C(s,) is repre-
sented by the following Equation (2).

/ LI 0 0 v
Isol?

Cls) = Isal?
| v
0 0 -1
Istar1|?
[0025] InEquation (2), the variable V, is a peak magnitude

of an OFDM signal of the transmitter, such as that of the
OFDM modulated signal 102 shown in FIG. 1. The afore-
mentioned Equation (1) may be written by the following
equations.

1 b " 3
y=zH +H)s+ E(Hl — Hy)F[C(s;) — I + pl|F"s +n
| )
= 5 (M + Hy) + juHy ~ Hp)ls + %(Hl - H)F(Cls,) = pl)F"s +n
[0026] In the above equation,

- ‘/0

0.45-+nE,

b
2\ E, Vo

In addition, the parameter E ¢ denotes the power of the OFDM
symbols, such as that of the OFDM modulated signal 102
shown in FIG. 1.

[0027] After the generation of the DFT signal 206, the
equalizer 25 generates a plurality of equalized symbols 210
according to the DFT signal 206. Specifically, there are two
operation modes. When it is the first mode (i.e. the first
iteration for processing the signal 202), the DFT signal 206 is
passed to the equalizer 25 directly. That is, the equalizer 25
generates the equalized symbols 210 from the DFT signals
206 directly because there is no interference to be cancelled.
When it is the second mode (i.e. the rest iterations for pro-
cessing the signal 202), the interference cancellator 24 gen-
erates an interference cancelled signal 208 by removing inter-
ferences from the DFT signal 206 and the equalizer then
generates the equalized symbols 210 from the interference
cancelled signal 208.

[0028] In this embodiment, the equalizer 25 generates the
equalized symbols 210 at least according to the DFT signal
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206, the first channel response of the first antenna of the
transmitter, and the second channel response corresponds to
the second antenna of the transmitter. To achieve a better
performance, the equalizer 25 may adopt an enhanced zero-
forcing mechanism and generate the equalized symbols 210
by the following Equation (4), wherein the vector § represents
the equalized symbols 210.

3= 2[(Hy + Hp) + ju(H — H)T™ y, wherein “
Vo [m 0 045-vE,
TR2NE T v

[0029] Afterwards, the soft demapper 26 generates a plu-
rality of soft bits 212 from the equalized symbols 210. Since
the equalizer 25 is an enhanced zero-forcing one so that the
soft-demapping operation performed by the soft demapper 26
can be effectively conducted. The operation performed by the
soft demapper 26 is well known to people ordinary skilled in
the art, so the details are not described herein.

[0030] Then, the decoder 27 generates a plurality of candi-
dates 214a, 2145, . . ., 214c regarding a transmitted bit
sequence (e.g. the bit sequence 100) from the transmitter
based on the soft bits 212 by a list-Viterbi decoding algo-
rithm, wherein each of the candidates is a predicted bit
sequence of the transmitted bit sequence. Since the list Viterbi
decoding algorithm is adopted, the decoder 27 can provide
the detector 28 with a small number of the candidates 214a,
214b, ..., 214c. For example, the number of the candidates
214a, 2145, . . ., 214¢ may be a predetermined number.
[0031] After having the candidates 214a, 2145, . . ., 214c,
the detector 28 decides an estimated transmitted bit sequence
220 corresponding to the transmitted bit sequence from the
candidates 214a, 2145, . . ., 214c. To be more specific, the
detector 28 generates a symbol sequence for each of the
candidates 214a, 2144, . . . , 214c, generates an estimated
signal for each of the symbol sequences according to a first
channel response and a second channel response, compares
each of the estimated signals with the signal received from the
antenna, and selects the candidate whose corresponding esti-
mated signal is closest to the signal as the estimated transmit-
ted bit sequence.

[0032] FIG. 2B illustrates an example for realizing the
detector 28. The decoder 28 comprises a plurality of channel
encoders 281a, 2815, . . ., 281c, a plurality of interleavers
283a, 283b, . . ., 283¢, and a plurality of symbol mappers
285a,2854, .. ., 285¢, wherein the operations of each of these
elements are familiar to people ordinarv skilled in the art. The
detector 28 also comprises a maximum likelihood detector
287. The candidate 214a is processed by the channel encoder
281a, the interleaver 2834, and the symbol mapper 285a in
sequence, which results in a symbol sequence 216a. Like-
wise, the candidate 2145 is processed by the channel encoder
2815, the interleaver 2835, and the symbol mapper 285b in
sequence, which results in a symbol sequence 2165. The
candidate 214c¢is processed by the channel encoder 281¢, the
interleaver 283c¢, and the symbol mapper 285¢ in sequence,
which results in a symbol sequence 216¢.

[0033] Afterwards, the maximum likelihood detector 287
generates an estimated signal (not shown) for each of the
symbol sequences 216a, 2165, . . ., 216¢ according to the
channel response of the first antenna of the transmitter and the
channel response of the second antenna of the transmitter,
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compares each of the estimated signals with the DFT signal
206, and selects the candidate whose corresponding esti-
mated signal is closest to the DFT signal 206 as the estimated
transmitted bit sequence 220. To achieve the better perfor-
mance, the maximum likelihood detector 287 may decide the
estimated transmitted bit sequence 220 corresponding to the
transmitted bit sequence by the following Equation (5).

5 . ®)
[ = arg min

1 L N
min ||y - E(Hl + )3+ E(Hl - H)FCG3,)FYs,

[0034] After deciding the estimated transmitted bit
sequence 220 that corresponds to the transmitted bit
sequence, the symbol sequence 218 that corresponds to the
estimated transmitted bit sequence 220 will be transmitted to
the interference cancellator 24 for cancelling interferences at
the next iteration of processing the signal 202 received from
the transmitter. To achieve a better performance, the interfer-
ence cancellator 24 may generate the interference cancelled
signal 208 by the following Equation (6):

y=y- %(Hl ~ Hp)F(CGp,) - s, ©

[0035] Inthe above Equation (6), the parameter § is a can-
cellation factor and is smaller than one. It is noted that the
interference cancellator 24 only conduct partial interference
cancellation in order to control the error propagation effect.
With the interference cancelled signal 208 (i.e. ¥), the equal-
izer 25, the soft demapper 26, the decoder 27, and the detector
28 may operate again. This process can be repeated until a
desired number of the iteration is met. The best partial can-
cellation factor § can be determined by simulations. In gen-
eral, the value of the parameter € can be increased as the
iteration proceeds since the detected symbols would become
more and more reliable.

[0036] A second embodiment is a receiving method for a
receiver (e.g. the receiver 2 in the first embodiment) of a
combinetless LINC OFDM system, a flowchart of which is
illustrated in FIG. 3A.

[0037] First, step S31 is executed by the receiver for receiv-
ing a signal from a transmitter (e.g. the transmitter 1 shownin
FIG. 1) of the combinerless LINC OFDM system. Next, step
S32 is executed by the receiver for generating a CP removed
signal by removing a CP from the signal. Step S33 is then
executed by the receiver for generating a DFT signal by
applying a DFT operation to the CP removed signal. In this
embodiment, the DFT signal is modeled by the above Equa-
tion (1).

[0038] Next, step S34 is executed by the receiver for gen-
erating an interference cancelled signal by removing interfer-
ences from the DFT signal. To achieve a better performance,
the step S34 may generate the interference cancelled signal
by the above Equation (6). Following that, step S35 is
executed by the receiver for generating a plurality of equal-
ized symbols according to the DFT signal. If the receiving
method is executed for the first iteration, there is no interfer-
ence to be cancelled. Under such circumstance, the step S34
will be omitted and the step S35 generates the equalized
symbols from the DFT signal directly. Ifthe receiving method
is executed for the rest iterations, the step S34 will be
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executed and the step S35 generates the equalized symbols
from the interference cancelled signal.

[0039] The step S35 generates the equalized symbols
according to the DFT signal, a first channel response, and a
second channel response, wherein the first channel response
corresponds to a first antenna of the transmitter and the sec-
ond channel response corresponds to a second antenna of the
transmitter. The first channel response and the second channel
response may be different. To achieve a better performance,
the step S35 may generate the equalized symbols by the above
equation (4).

[0040] Next, step S36 is executed by the receiver for gen-
erating a plurality of soft bits from the equalized symbols.
Following that, step S37 is executed by the receiver for gen-
erating a plurality of candidates regarding a transmitted bit
sequence from the transmitter based on the soft bits by a
list-Viterbi decoding algorithm. It is noted that each of the
candidates is a predicted bit sequence of the transmitted bit
sequence and a number of the candidates is a predetermined
number. Then, the step S38 is executed by the receiver for
deciding an estimated transmitted bit sequence correspond-
ing to the transmitted bit sequence from the candidates.
[0041] To be more specific, the step S38 may be realized by
the flowchart shown in FIG. 3B. First, step S381 is executed
for generating a symbol sequence for each of the candidates.
Next, step S382 is executed by the receiver for generating an
estimated signal for each of the symbol sequences according
to the first channel response and the second channel response.
Following that, step S383 is executed by the receiver for
comparing each of the estimated signals with the DFT signal.
Afterwards, step S384 is executed by the receiver for select-
ing the candidate whose corresponding estimated signal is
closest to the DFT signal as the estimated transmitted bit
sequernce. To achieve a better performance, the step S384 may
be selects the estimated transmitted bit sequence by the above
equation (5).

[0042] After deciding the estimated transmitted bit
sequence in the step S384, the symbol sequence that corre-
sponds to the estimated transmitted bit sequence will be used
by step S34 for cancelling interferences at the next iteration.
[0043] In addition to the aforesaid steps, the second
embodiment can execute all the operations set forth for the
first embodiment. How the second embodiment executes
these operations will be readily appreciated by those of ordi-
nary skill in the art based on the explanation of the first
embodiment and thus will not be further described therein.
[0044] According to the above descriptions, the receiver
and the receiving method of the present invention adopt a list
Viterbi decoding algorithm in the decoder. Since the list Vit-
erbi decoding algorithm can provide a small number of can-
didates for the subsequent detector, the required computa-
tional complexity of the detector can be dramatically reduced.
In addition, as the transmitter of the LINC OFDM system
comprises two antennas, the equalizer used in the present
invention is an enhanced zero-forcing one so that the soft-
demapping operation can be effectively conducted. More-
over, interference cancellation mechanism may be adopted in
the receiver as well in order to further enhance the perfor-
mance.

[0045] The above disclosure is related to the detailed tech-
nical contents and inventive features thereof. People skilled in
this field may proceed with a variety of modifications and
replacements based on the disclosures and suggestions of the
invention as described without departing from the character-
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istics thereof. Nevertheless, although such modifications and
replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered in the following
claims as appended.

What is claimed is:

1. A receiver for use in a combinerless Linear amplification
with Nonlinear Component (LINC) Orthogonal Frequency
Division Multiplexing (OFDM) system, comprising:

an antenna, being configured to receive a signal from a

transmitter of the combinerless LINC OFDM system;

a Cyclic Prefix (CP) remover, being electrically connected
to the antenna and configured to generate a CP removed
signal by removing a CP from the signal;

adiscrete Fourier transformer, being electrically connected
to the CP remover and configured to generate a Discrete
Fourier Transform (DFT) signal by applying a DFT
operation to the CP removed signal;

an equalizer, being configured to generate a plurality of
equalized symbols according to the DFT signal;

a soft demapper, being electrically connected to the equal-
izer and configured to generate a plurality of soft bits
from the equalized symbols;

a decoder, being electrically connected to the soft demap-
per and configured to generate a plurality of candidates
regarding a transmitted bit sequence from the transmit-
ter based on the soft bits by a list-Viterbi decoding algo-
rithm, wherein each of the candidates is a predicted bit
sequence of the transmitted bit sequence; and

a detector, being electrically connected to the decoder and
configured to decide an estimated transmitted bit
sequence corresponding to the transmitted bit sequence
from the candidates.

2. The receiver of claim 1, wherein the equalized symbols
are generated by the equalizer according to the DFT signal, a
first channel response, and a second channel response,
wherein the first channel response corresponds to a first
antenna of the transmitter and the second channel response
corresponds to a second antenna of the transmitter.

3. The receiver of claim 1, wherein the detector generates a
symbol sequence for each of the candidates, generates an
estimated signal for each of the symbol sequences according
to a first channel response and a second channel response,
compares each of the estimated signals with the DFT signal,
and selects the candidate whose corresponding estimated sig-
nalisclosest to the DFT signal as the estimated transmitted bit
sequence.

4. The receiver of claim 3, further comprising:

an interference cancellator, being electrically connected to
the discrete Fourier transformer and the equalizer and
configured to generate an interference cancelled signal
by removing interferences from the DFT signal accord-
ing to the estimated signal that is closest to the signal;

wherein the equalized symbols are generated from the
interference cancelled signal by the equalizer.

5. The receiver of claim 3, wherein the first channel
response corresponds to a first antenna of the transmitter, the
second channel response corresponds to a second antenna of
the transmitter, and the first channel response and the second
channel response are different.

6. The receiver of claim 1, wherein a number of the candi-
dates is a predetermined number.
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7. A receiving method for a receiver of a combinerless
LINC OFDM system, comprising the following steps of:
receiving a signal from a transmitter of the combinerless
LINC OFDM system;
generating a CP removed signal by removing a CP from the
signal;
generating a DFT signal by applying a DFT operation to
the CP removed signal,
generating a plurality of equalized symbols according to
the DFT signal;
generating a plurality of soft bits from the equalized sym-
bols;
generating a plurality of candidates regarding a transmitted
bit sequence from the transmitter based on the soft bits
by alist-Viterbi decoding algorithm, wherein each of the
candidates is a predicted bit sequence of the transmitted
bit sequence; and
decide an estimated transmitted bit sequence correspond-
ing to the transmitted bit sequence from the candidates.
8. The receiving method of claim 7, wherein the equalized
symbols are generated according to the DFT signal, a first
channel response, and a second channel response, wherein
the first channel response corresponds to a first antenna of the
transmitter and the second channel response corresponds to a
second antenna of the transmitter.
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9. The receiving method of claim 7, wherein the deciding
step comprises the following steps of:

generating a symbol sequence for each of the candidates;

generating an estimated signal for each of the symbol

sequences according to a first channel response and a
second channel response;

comparing each of the estimated signals with the DFT

signal; and

selecting the candidate whose corresponding estimated

signal is closest to the DFT signal as the estimated trans-
mitted bit sequence.

10. The receiving method of claim 9, further comprising
the following step of:

generating an interference cancelled signal by removing

interferences from the DFT signal according to the esti-
mated signal that is closest to the signal;

wherein the equalized symbols are generated from the

interference cancelled signal.

11. The receiving method of claim 9, wherein the first
channel response corresponds to a first antenna of the trans-
mitter, the second channel response corresponds to a second
antenna of the transmitter, and the first channel response and
the second channel response are different.

12. The receiving method of claim 7, wherein a number of
the candidates is a predetermined number.
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