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STATION

(57) A setting unit (4) determines basic information
on a modulation method, a coding ratio, and a punctur-
ing rule besed on a quality signal at each base station
(5) that is measured at a mobile station (12). A trans-
mission control unit (6) of each base station (5) deter-
mines the modulation method, the coding ratio, and the
puncturing rule for each of the base stations (5) accord-
ing to the basic information and the signal quality of each
base station (5). Based on this determination, a code

selection unit (7) executes puncturing, an interleave unit
(8) executes interleawe, and a modulation unit (9) exe-
cutes modulation. In the mobile station (12), based on
the modulation method, the coding ratio, and the punc-
turing rule included in a control signal from each base
station, a demodulation unit (15) executes a demodula-
tion processing, a deinterleave unit (16) executes a
deinterleave processing, and a code combining unit (17)
executes code combining.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a multiple ac-
cess mobile communication system such as a single-
carrier code division multiple access (CDMA) mobile
communication system or a multicarrier CDMA mobile
communication system. More specifically, the present
invention relates to a site diversity transmission/recep-
tion apparatus for site diversity communication between
a mobile station and a plurality of base stations, and re-
lates to the base station and the mobile station.

BACKGROUND ART

[0002] A characteristic of wireless communication is
that a signal is received from multipaths. In other words,
a signal arrives at a reception point through a plurality
of transmission lines in the form of a direct wave, a re-
flected wave, a transmitted wave, a diffracted wave and
the like. As these waves have different signal intensities,
phases, and reception levels, fading occurs. In mobile
communication, which is communication between the
base station and the mobile station, the fading also oc-
curs when a direct wave is shut off because of an ob-
stacle, such as a building; or when the distance between
the base station and the mobile station changes.
[0003] One approach to avoid the fading is to use the
technique of site diversity in a mobile station. The site
diversity technique includes receiving signals from a
plurality of base stations, demodulating those signals
and combining those signals. As a result, even if signal
form one base station becomes weak, quality of com-
munications with the other base stations can be main-
tained.
[0004] Another approach to eliminate the effect of the
fading is to use CDMA, as a multiple access, separate
a multipath fading wave from the signals by RAKE re-
ception and combine the signals while making phases
of the signals uniform.
[0005] The technique of the site diversity is disclosed
in Japanese Patent Application Laid-Open Nos.
H10-247873 and 2000-4215.
[0006] Japanese Patent Application Laid-Open No.
H10-247873 discloses a technology in which base sta-
tions receive an error-correction coded signal from a
mobile station, the base stations transmit the error-cor-
rection coded signals to a host apparatus, and the host
apparatus carries out error-correction code coding,
combining, and, error-correction code decoding of the
error-correction coded signal. This technology makes it
possible to improve the error rate of the received signal
without increasing the amount of signal data flowing be-
tween the base stations and the host apparatus.
[0007] The Japanese Patent Application Laid-Open
No. 2000-4215 discloses a technology in which an iden-
tical information data are subjected to punctured convo-

lutional coding using mutually different puncturing pat-
terns to obtain data punctured differently, and the data
obtained is time-diversity transmitted as diversity
branches. A reception unit that receives the punctured
data conducts depuncturing the data by using the punc-
turing patterns that were used at the transmission side,
combines the depunctured data, and subjects the com-
bined data to convolution-decoding.
[0008] In the technology disclosed in the Japanese
Patent Application Laid-Open No. H10-247873, all the
base stations send an identical signal to the mobile sta-
tion. Since the base stations send the identical signal,
the quality of those signals, when they are received at
the mobile station, vary greatly according to the state of
a transmission line between the mobile station and each
of the base stations. If the base stations are configured
to performs error correction, for example, puncturing us-
ing a convolutional code or a turbo code for error cor-
rection, of the signal, the higher is the rate of puncturing,
the more the signal is influenced by the state of the
transmission line.
[0009] The technology disclosed in the Japanese Pat-
ent Application Laid-Open No. 2000-4215 performs
same modulation irrespective of the state of the trans-
mission line. As the number of modulation levels of the
signals transmitted from the base stations is larger, the
phases of these signals are close to each other so that
the mobile station cannot satisfactorily demodulate the
received signals. As a result, the site diversity can not
be achieved sufficiently.
[0010] The present invention has been achieved in or-
der to solve the above problems. It is an object of the
present, invention to provide a site diversity transmis-
sion/reception apparatus, a base station, and a mobile
station capable of sufficiently attaining the site diversity
effect even if communication is held between a base sta-
tion a transmission line of which is in a bad state and a
mobile communication.

DISCLOSURE OF THE INVENTION

[0011] In a site diversity transmission/reception appa-
ratus, which allows a site diversity communication to be
held between a mobile station and a plurality of base
stations, according to one aspect of the present inven-
tion, the base stations adaptively, variably sets modula-
tion methods, interleave lengths, coding ratios, and
puncturing rules for the respective base stations based
on reception signal quality information transmitted from
the mobile station, and transmit transmitted signals, and
the mobile station separately demodulates the signals
transmitted from the base stations, deinterleaves soft
decision values obtained from demodulation results,
adaptively code-combines deinterleaved results, and
then executes an error-correction decoding processing.
[0012] According to the above-mentioned aspect,
each of the base stations determines the modulation
method, the interleave length, the coding ratio, and the
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error-correction puncturing rule for each base station
using the reception signal quality information transmit-
ted from the mobile station, and transmits the transmis-
sion signal. The mobile station demodulates the re-
ceived signals, deinterleaves soft decision results,
adaptively code-combines deinterleaved results, and
then executes a decoding processing.
[0013] According to another aspect of the present in-
vention, in the site diversity transmission/reception ap-
paratus, the transmission signal transmitted from each
of the base stations has control information including the
modulation method, the coding ratio, and the puncturing
rule variably set by the each base station, and the mobile
station executes demodulation corresponding to the
each base station based on the control information.
[0014] According to the above-mentioned aspect, the
control information including the modulation method,
the coding ratio, and the puncturing rule variably set by
the each base station is included in the transmission sig-
nal transmitted from each base station, and the mobile
station executes demodulation corresponding to each
base station based on this received control information.
[0015] According to another aspect of the present in-
vention, in the site diversity transmission/reception ap-
paratus, the reception signal quality information in-
cludes one of a signal-to-interference ratio and a delay
spread.
[0016] According to the above-mentioned aspect, the
signal quality information transmitted from the mobile
station to each base station includes a signal-to-inter-
ference ratio or a delay spread.
[0017] According to another aspect of the present in-
vention, in the site diversity transmission/reception ap-
paratus, the each base station determines a reception
state at the mobile station in response to transmission
of its own base station based on the reception signal
quality information, and changes the modulation meth-
od to a modulation method having increased or de-
creased number of levels based on this determination.
[0018] According to the above-mentioned aspect,
each base station determines a reception state at the
mobile station in response to transmission of its own
base station based on the reception signal quality infor-
mation, and changes the modulation method to a mod-
ulation method having increased or decreased number
of levels based on this determination.
[0019] According to another aspect of the present in-
vention, in the site diversity transmission/reception ap-
paratus, the each base station uses a multi-level mod-
ulation method that enables an increase in the number
of bits in one symbol to be transmitted if the each base
station adaptively changes the modulation method.
[0020] According to the above-mentioned aspect,
each base station uses a modulation method that ena-
bles an increase in the number of bits in one symbol to
be transmitted if the base station changes the modula-
tion method.
[0021] According to another aspect of the present in-

vention, in the site diversity transmission/reception ap-
paratus, if setting the modulation method having fewer
levels than levels of the modulation method of the other
base station, the each base station increases the
number of bits to be punctured.
[0022] According to the above-mentioned aspect, if
setting the modulation method having fewer levels than
levels of the modulation method of the other base sta-
tion, each base station increases the number of bits to
be punctured without decreasing the transmission rate.
[0023] According to another aspect of the present in-
vention, in the site diversity transmission/reception ap-
paratus, if a turbo code is applied to the puncturing rule,
the each base station transmits information bits as they
are and punctures parity bits.
[0024] According to the above-mentioned aspect, if a
turbo code is employed for the error correction, each
base station holds communication with information bits
left as they are and only parity bits punctured.
[0025] According to another aspect of the present in-
vention, in the site diversity transmission/reception ap-
paratus, if a turbo code is applied to the puncturing rule,
the base stations other than one base station delete in-
formation bits and puncture parity bits.
[0026] According to the above-mentioned aspect, if a
turbo code is employed for the error correction, the base
stations other than one base station hold communica-
tion by information bits and puncturing parity bits.
[0027] In a base station that constitutes, together with
a mobile station which holds a site diversity communi-
cation, a mobile communication system, according to
another aspect of the present invention, the base station
adaptively, variably sets a modulation method, an inter-
leave length, a coding ratio, and a puncturing rule for
each base station based on reception signal quality in-
formation received from the mobile station, and trans-
mits a transmission signal.
[0028] According to the above-mentioned aspect, the
base station determines the modulation method, the in-
terleave length, the coding ratio, and the puncturing rule
using the reception signal quality information received
from the mobile station, and transmits a transmission
signal.
[0029] According to another aspect of the present in-
vention, in the base station, the transmission signal
transmitted from the base station has control informa-
tion including the modulation method, the coding ratio,
and the puncturing rule variably set by the base station.
[0030] According to the above-mentioned aspect, the
transmission signal that includes the control information
including the modulation method, the coding ratio, and
the puncturing rule variably set by each base station is
transmitted.
[0031] According to another aspect of the present in-
vention, the base station determines a reception state
at the mobile station in response to transmission of its
own base station based on the reception signal quality
information, and changes the modulation method to a
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modulation method having increased or decreased
number of levels based on this determination.
[0032] According to the above-mentioned aspect, the
base station determines a reception state at the mobile
station in response to transmission of its own base sta-
tion based on the reception signal quality information,
and changes the modulation method to a modulation
method having increased or decreased number of levels
based on this determination.
[0033] According to another aspect of the present in-
vention, the base. station uses a multi-level modulation
method that enables an increase in the number of bits
in one symbol to be transmitted if the base station adap-
tively changes the modulation method.
[0034] According to the above-mentioned aspect, if
the modulation method is changed, a modulation meth-
od that enables an increase in the number of bits in one
symbol to be transmitted is employed.
[0035] According to another aspect of the present in-
vention, in the base station, if setting the modulation
method having fewer levels than levels of the modula-
tion method for the other base station, the base station
increases the number of bits to be punctured.
[0036] According to the above-mentioned aspect, if
setting the modulation method having fewer levels than
levels of the modulation method for the other base sta-
tion, the base station transmits the transmission signal
without decreasing the transmission rate by increasing
the number of bits to be punctured.
[0037] According to another aspect of the present in-
vention, in the base station, if a turbo code is applied to
the puncturing rule, the base station transmits informa-
tion bits as they are and punctures parity bits.
[0038] According to the above-mentioned aspect, if a
turbo code is employed for the error correction, all the
base stations hold communication with information bits
left as they are and only parity bits punctuated.
[0039] According to another aspect of the present in-
vention, in the base station, if a turbo code is applied to
the puncturing rule, base stations other than one base
station delete information bits and puncture parity bits.
[0040] According to the above-mentioned aspect, if a
turbo code is employed for the error correction, base
stations other than one base station hold communica-
tion while deleting information bits and puncturing parity
bits.
[0041] A mobile station, which holds a site diversity
communication with a plurality of base stations. accord-
ing to another aspect of the present invention, separate-
ly demodulates signals transmitted from the base sta-
tions, deinterleaves soft decision values obtained from
demodulation results, adaptively code-combines dein-
terleaved results, and then executes an error-correction
decoding processing and transmits signal quality infor-
mation that indicates estimated states of transmission
lines between the mobile station and the base stations,
respectively.
[0042] According to the above-mentioned aspect, the

mobile station demodulates the received transmitted
signal, deinterleaves soft decision results, adaptively
code-combines the deinterleaved results. Thereafter,
the mobile station executes an error-correction process-
ing decoding processing and transmits signal quality in-
formation that indicates estimated states of transmis-
sion lines between the mobile station and the base sta-
tions, respectively.
[0043] According to another aspect of the present in-
vention, in the the mobile station executes demodulation
corresponding to each of the base stations based on
control information including a modulation method, a
coding ratio, and a puncturing rule variable set by the
each base station, the control information included in
each of the received signals.
[0044] According to the above-mentioned aspect, the
mobile station executes demodulation corresponding to
each base station based on the control information in-
cluding the modulation method, the coding ratio, and the
puncturing rule variable set by each base station, the
control information included in each of the received sig-
nals.
[0045] According to another aspect of the present in-
vention, in the mobile station, the reception signal qual-
ity information includes one of a signal-to-interference
ratio and a delay spread.
[0046] According to the above-mentioned aspect, the
reception signal quality information includes a signal-to-
interference ratio or a delay spread.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] Fig. 1 is a block diagram of a site diversity
transmission/reception apparatus according to an em-
bodiment of the present invention; Fig. 2 illustrates a site
diversity model among three base stations; Fig. 3 illus-
trates data format of signals transmitted from base sta-
tions to a mobile station; Fig. 4 illustrates data format of
a signal transmitted from the mobile station to the base
stations; Fig. 5 illustrates the relationship among a sig-
nal quality, a modulation method to be set, and a coding
ratio; Fig. 6 is a block diagram of a turbo coding unit;
Fig. 7 illustrates an example of puncturing rules when a
plurality of base stations adopt the same modulation
method; Fig. 8 illustrates another example of puncturing
rules when a plurality of base stations adopt the same
modulation method; Fig. 9 illustrates an example of
puncturing rules when a plurality of base stations adopt
two different modulation methods of quadrature phase
shift keying (hereinafter, "QPSK") and binary phase shift
keying (hereinafter, "BPSK"); Fig. 10 illustrates an ex-
ample of puncturing rules when a plurality of base sta-
tions adopt two different modulation methods of 16
quadrature amplified modulation (hereinafter, "QAM")
and QPSK; and Fig. 11 illustrates an example of punc-
turing rules when a plurality of base stations adopt two
modulation methods of 16QAM and BPSK.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0048] Exemplary embodiments of the present inven-
tion will be explained below in more detail with reference
to the accompanying drawings.
[0049] Fig. 2 is to explain the diversity among three
base stations. Three base stations transmit signals to a
mobile station to realize the site diversity.
[0050] Fig. 1 is a block diagram of a site diversity
transmission/reception apparatus according to an em-
bodiment of the present invention. While there are sev-
eral types of error correction methods, turbo coding is
employed as the error correction method in this embod-
iment. In addition, the transmission/reception apparatus
in this embodiment adopts CDMA.
[0051] The site diversity transmission/reception ap-
paratus 1 includes a turbo coding unit 3, a setting unit
4, Nb base stations 5, and a mobile station 12.
[0052] As shown in Fig. 6, the turbo coding unit 3 in-
cludes a recursive systematic convolutional (RSC) cod-
ing unit 22 that codes input data and outputs information
bits u and parity bits v1 as output data, a bit interleaver
21 which interleaves the input data, and an RSC coding
unit 23 that outputs parity bits v2 from the interleaved
input data.
[0053] The setting unit 4 sets basic information on
modulation methods, coding ratios, and error-correction
puncturing rules based on reception signal quality infor-
mation transmitted from the mobile station 12. This ba-
sic information is referred to when each of the base sta-
tions 5 (BS #1 to BS #Nb) determines a modulation
method, a coding ratio, and an error-correction punctur-
ing rule.
[0054] Each of the base stations 5 (BS #1 to BS #Nb)
includes a transmission control unit 6, a code selection
unit 7, an interleave unit 8, a modulation unit 9, and a
base station antenna 10. In Fig. 1, the configuration re-
quired for receiving signal at the base station has been
omitted for the sake of convenience.
[0055] The transmission control unit 6 of each base
station 5 (BS #1 to BS #Nb) determines the modulation
method, the coding ratio, and the error-correction punc-
turing rule of its own base station based on the compar-
ison of the basic information input from the setting unit
4 with the individual signal quality for each base station
(the reception signal quality information for each base
station transmitted from the mobile station 12). The
transmission control unit 6 also determines an inter-
leave length according to the determined modulation
method, coding ratio, and error-correction punturing
rule. Further the transmission control unit 6 transmits,
as control information, the determined modulation meth-
od, coding ratio, error-correction puncturing rule for its
own base station to the mobile station 12 through the
modulation unit 9.
[0056] The code selection unit 7 selects information
bits u and parity bits v1 and v2 input from the turbo cod-
ing unit 3 using the coding ratio and the error-correction

puncturing rule set by the transmission control unit 6 its
own the base station.
[0057] The interleave unit 8 interleaves the data out-
put from the code selection unit 7 using the interleave
length set by the transmission control unit 6 of its own
base station for each slot.
[0058] The modulation unit 9 modulates the inter-
leaved data using the modulation method set by the
transmission control unit 6 of its own base station and
outputs the modulated interleaved data to the antenna
10 of the base station.
[0059] The mobile station 12 includes Nm reception
units 13 corresponding to the base stations, a code com-
bining unit 17, a turbo decoding unit 18, and a mobile
station antenna 11. The configuration required for trans-
mitting the signals from the mobile station has been
omitted for the sake of convenience. Each reception unit
13 includes a reception control unit 14, a demodulation
unit 15, and a deinterleave unit 16.
[0060] The reception control unit 14 variably sets the
demodulation unit 15, the deinterleave unit 16, and the
code combining unit 17 based on the modulation meth-
od, the coding ratio, and the puncturing rule transmitted
from each mobile station.
[0061] A demodulation method of the demodulation
unit 15 is changed according to the number of levels of
the modulation method which is set, and the demodula-
tion unit 15 executes a demodulation processing using
this changed demodulation method (the demodulation
method is sometimes not changed).
[0062] The deinterleave unit 16 deinterleaves the de-
modulated signal using the interleave length set by the
reception control unit 14.
[0063] The code combining unit 17 combines soft de-
cision values obtained after deinterleave, based on the
puncturing rule set by the reception control unit 14 and
using deinterleaved outputs of the plural reception units
13 (#1 to #Nm). The turbo decoding unit 18 executes a
turbo decoding processing using the code-combined
soft decision value and obtains an output signal 19.
[0064] Operations of the respective constituent ele-
ments of the site diversity transmission/reception appa-
ratus 1 shown in Fig. 1 will be explained with reference
to Fig. 3 to Fig. 11.
[0065] The mobile station 12 measures a signal qual-
ity (e.g., a signal-to-interference ratio (SIR) and a delay
spread) of each of the signals transmitted from the re-
spective base stations 5 (BS #1 to BS #Nb), and notifies
the measure signal quality (the SIR and the delay
spread) for each base station, as reception signal quality
information, to each base station using an upward line.
[0066] Fig. 3 illustrates a signal format of the signals
transmitted from the base station to the mobile station.
In this format, control channels and individual data chan-
nels from the respective base stations are code-multi-
plexed. The mobile station 12 measures the SIR and the
delay spread of each base station using a known se-
quence part in a slot of the signal transmitted from the
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base station. The measured SIR and delay spread rep-
resent the signal quality of each base station. As will be
explained later, the control information transmitted from
each base station to the mobile station 12 so as to notify
the mobile station 12 of the modulation method, the cod-
ing ratio, and the puncturing rule that are variably set at
each base station is transmitted over the control channel
for the base station in the signal shown in Fig. 3.
[0067] Fig. 4 illustrates a signal format of the signal
transmitted from the mobile station 12 to each base sta-
tion 5. The mobile station 12 inserts the measured re-
ception signal quality information (the SIR and the delay
spread) for each base station into a data part in a slot
of the signal shown in Fig. 5, thereby notifying each base
station of the reception signal quality information on the
signal transmitted from the base station. By receiving
this reception signal quality information, each base sta-
tion can acquire the reception signal quality information
for the base station. These pieces of reception signal
quality information for the respective base stations are
also input to the setting unit 4.
[0068] The setting unit 4 determines basic information
on modulation methods, coding ratios, and error-correc-
tion puncturing rules, based on the received signal in-
formation quality information received from the mobile
station 12 and using the SIR and the delay spread for
the base station having the highest signal quality among
the signal qualities for the respective base stations 5 (BS
#1 to BS #Nb).
[0069] Methods for selecting basic information for the
modulation methods and the coding ratios executed by
the setting unit 4 will be explained with reference to Fig.
5. Fig. 5 conceptually illustrates a selection table for se-
lecting one of the modulation methods (BPSK, QPSK,
8 phase shift keying (hereinafter, "PSK"), and 16QAM)
and one of the coding ratios R in accordance with the
SIR and the delay spread.
[0070] The setting unit 4 selects one modulation
method from among the modulation methods BPSK,
QPSK, 8PSK, and 16QAM using the SIR and the delay
spread for the base station having the highest signal
quality among the signal qualities measured by the mo-
bile station 12. Boundaries of the modulation methods
are indicated by solid lines. In this embodiment, as
shown in Fig. 5, as the SIR is higher and the delay
spread is narrower, the modulation method having more
levels can be used. If the signal quality is the highest,
the setting unit 4 selects the 16QAM that can provide
four-bit transmission. As the delay spread is wider, the
number of levels of the modulation method that satisfies
a required quality decreases. If the delay spread is the
widest, the setting unit 4 selects the BPSK that can pro-
vide one-bit transmission least influenced by the trans-
mission line. Namely, the modulation method having a
small number of levels is allocated to the base station
having a low signal quality. In this way, the setting unit
4 selects the modulation method corresponding to the
SIR and the delay spread for the base station having the

highest signal quality among the signal qualities meas-
ured by the mobile station 12, and sets the selected
modulation method as the basic information on modu-
lation methods. In this embodiment, the modulation
methods such as the BPSK, QPSK, 8PSK, and 16QAM
which can increase the number of bits in one symbol to
be transmitted are employed. Therefore, the qualities of
the reception signals obtained by the site diversity can
be improved without decreasing an information trans-
mission rate.
[0071] The method for deciding the basic information
on coding ratios will next be explained. In Fig. 5, symbol
R represents the coding ratio and boundaries of the re-
spective coding ratios (R1 < R2 < ... < R7 < R8) are indi-
cated by solid lines and broken lines. That is, the bound-
aries defined by the solid lines and the dotted lines have
different coding ratios R. In Fig. 5, as the SIR is lower
and the delay spread is wider, the state of the transmis-
sion line is worse. Therefore, the coding ratio is set lower
as the state of the transmission line is worse. In the
QPSK modulation, for example, the coding ratios R3 and
R4 are employed. If the state of the transmission line is
worse than the state indicated by a boundary k, the set-
ting unit 4 selects the coding ratio R3. If the state of the
transmission line is better than the state indicated by the
boundary k, the setting unit 4 selects the coding ratio
R4. In this manner, the setting unit 4 selects the coding
ratio R corresponding to the SIR and the delay spread
for the base station having the highest signal quality
from among the signal qualities measured by the mo-
bile. station 12, and sets the selected coding ratio as
basic information on coding ratios.
[0072] A method for deciding basic information on
puncturing rules executed by the setting unit 4 will next
be explained with reference to Fig. 7 to Fig. 11. Fig. 7
and Fig. 8 illustrate puncturing rules set to the base sta-
tion having the highest signal quality and to the other
one or more base stations which can obtain almost the
same signal quality as that of this base station. In the
puncturing rules, a part indicated by "0" is not handled
as transmitted data (the part is punctured) and a part
indicated by "1" is handled as the transmitted data (the
part is not punctured).
[0073] Fig. 7 illustrates puncturing rules for setting
that all the base stations hold communication while
puncturing only the parity bits v1 and v2 with the infor-
mation bits u left unchanged (not punctured).
[0074] Fig. 8 illustrates the puncturing rules for setting
that only one base station (one of the base stations hav-
ing the highest signal quality) transmits the information
bits u and that the information bits are discarded and
punctured at the other base stations. The puncturing
rules shown in Fig. 7 and Fig. 8 are each set so as to
have the same transmission rate as that under the ref-
erence puncturing rule (a).
[0075] If the puncturing rules shown in Fig. 7 are
adopted and the coding ratio R of the base station hav-
ing the highest signal quality is 1/2, the setting unit 4
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sets one of puncturing rules (a) to (d) that correspond
to the coding ratio R = 1/2 as the basic information on
puncturing rules. The puncturing rules other than the se-
lected puncturing rule are selected by the other one or
more base stations. This selection is made by the trans-
mission control unit 6 of each base station. Likewise, if
the puncturing rules shown in Fig. 7 are adopted and
the coding ratio R of the base station having the highest
signal quality is 2/3, the setting unit 4 sets one of punc-
turing rules (e) to (h) that correspond to the coding ratio
R = 2/3 as the basic information on puncturing rules.
Further, if the puncturing rules shown in Fig. 7 are adopt-
ed and the coding ratio R of the base station having the
highest signal quality is 3/4, the setting unit 4 sets one
of puncturing rules (i) to (I) that correspond to the coding
ratio R = 3/4 as the basic information on puncturing
rules.
[0076] If the puncturing rules shown in Fig. 8 are
adopted and the coding ratio R of the base station hav-
ing the highest signal quality is 1/2, the setting unit 4
sets the puncturing rule (a) that corresponds to the cod-
ing ratio R = 1/2 as the basic information on puncturing
rules. The puncturing rules (b) or (c) other than the se-
lected puncturing rule is selected at the other one or
more base stations. This selection is made by the trans-
mission control unit 6 of each base station. Likewise, if
the puncturing rules shown in Fig. 8 are adopted and
the coding ratio R of the base station having the highest
signal quality is 2/3, the setting unit 4 sets the puncturing
rule (e) that corresponds to the coding ratio R = 2/3 as
the basic information on puncturing rules. If the coding
ratio R of the base station having the highest signal qual-
ity is 3/4, the setting unit 4 sets the puncturing rule (h)
that corresponds to the coding ratio R = 3/4 as the basic
information on puncturing rules.
[0077] Fig. 9 to Fig. 11 illustrate various examples of
modulation methods and puncturing rules set at the
base station having the highest signal quality and at the
other one or more base stations that can obtain only low-
er signal qualities than that of this base station.
[0078] Fig 9 illustrates an example in which the setting
unit 4 determines the QPSK as the modulation method
at, 1/2 as the coding ratio R, and (a) as the puncturing
rule as the basic information. In this example, the other
one or more base stations select the BPSK modulation
method and one of (b) to (i) as the puncturing rule. This
selection is made by the transmission control unit 6 of
each base station.
[0079] Fig. 10 illustrates an example in which the set-
ting unit 4 determines the 16QAM as the modulation
method, 3/4 as the coding ratio R, and (a) as the punc-
turing rule as the basic information. In this example, the
other one or more base stations select the QPSK mod-
ulation method and one of (b) to (j) as the puncturing
rule. This selection is made by the transmission control
unit 6 of each base station.
[0080] Fig. 11 illustrates an example in which the set-
ting unit 4 determines the 16QAM as the modulation

method, 3/4 as the coding ratio R, and (a) as the punc-
turing rule as the basic information. In this example, the
other one or more base stations select the BPSK mod-
ulation method and one of (b) to (I) as the puncturing
rule. This selection is made by the transmission control
unit 6 of each base station.
[0081] As shown in Fig. 9 to Fig. 11, if the setting unit
4 sets, as the basic information, the modulation method
having fewer levels than those of the other base sta-
tions, the transmission signal is transmitted without de-
creasing the transmission rate by increasing the number
of bits to be punctured. In Fig. 9, for example, the base
station having the highest signal quality and the other
one or more base stations which can obtain only the sig-
nal qualities lower than that of this base station differ in
modulation method, i.e., the former base station selects
the QPSK (the number of levels is four) whereas the lat-
ter one or more base stations select the BPSK (the
number of levels is two). If the BPSK modulation method
is adopted, the number of bits to be punctured is doubled
from that for the QPSK, i.e., to four from two. By doing
so, the signals are transmitted without decreasing the
transmission rate.
[0082] As can be seen, the setting unit 4 determines
the basic information on modulation methods, coding ra-
tios, and puncturing rules based on the reception signal
quality information on the base station having the high-
est signal quality. The setting unit 4 feeds the deter-
mined basic information to the transmission control unit
6 of each base station.
[0083] The transmission control unit 6 of each of the
base stations 5 (BS #1 to BS #Nb) compares the basic
information on the modulation methods, the coding ra-
tios, and the puncturing rules input from the setting unit
4 with the individual signal quality for each base station
(the reception signal quality information for each base
station transmitted from the mobile station 12), and de-
termines the modulation method, the coding catio, and
the error-correction puncturing rules for its own base
station based on the comparison. In addition, the trans-
mission control unit 6 determines the interleave length
according to the modulation method, the coding ratio,
and the error-correction puncturing rule. The transmis-
sion control unit 6 transmits the determined modulation
method, coding ratio, and error-correction puncturing
rule for its own base station, as the control information,
to the mobile station 12 through the modulation unit 9.
[0084] As for the modulation method, the base station
which can obtain substantially the same signal quality
as that of the base station having the highest signal qual-
ity selects the same modulation method as that of the
base station having the highest signal quality. The base
station having a lower signal quality than that of the base
station having the highest signal quality selects the mod-
ulation method having fewer levels, thereby suppress-
ing deterioration of an output of the demodulation unit
of the mobile station.
[0085] As for the coding ratio, each base station se-
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lects the same coding ratio according to the coding ratio
of the base station having the highest signal quality. That
is, each base station selects the same coding ratio as
that input from the setting unit 4.
[0086] As for the puncturing rule, the base station
which can obtain substantially the same signal quality
as that of the base station having the highest signal qual-
ity sets the puncturing rule using the puncturing rules
shown in, for example, Fig. 7 and Fig. 8.
[0087] For example, if the puncturing rules shown in
Fig. 7 are adopted, the codind ration R in the basic in-
formation is 1/2, and the setting unit 4 sets the punctur-
ing rule at (a) as that for the base station having the high-
est signal quality, then the other one or more base sta-
tions which can obtain substantially the same signal
quality as that of the base station having the highest sig-
nal quality select one of the puncturing rules (b) to (d)
shown in Fig. 7. This selection is made such that if one
base station selects the puncturing rule (b) shown in Fig.
7, the other base stations select the puncturing rule (c)
or (d). The transmission control unit 6 of each base sta-
tion 5 selects the puncturing rule for its own base station
so as to be able to transmit all the bits as much as pos-
sible after collecting a puncturing result of each base
station 5. The same thing is true for an example in which
the puncturing rules shown in Fig. 8 are adopted. Each
base station selects the puncturing rule so as to be able
to transmit as many different bits as possible for the par-
ity bits v1 and v2.
[0088] On the other hand, the base station having the
highest signal quality and the other one or more base
stations which can obtain only the lower signal quality
than that of this base station having the highest signal
quality set the puncturing rules using the puncturing
rules shown in, for example Fig. 9 to Fig. 11.
[0089] For example, if the coding ratio R in the basic
information is 1/2 and the setting unit 4 sets the punc-
turing rule at (a) shown in Fig. 9 as that for the base
station having the highest signal quality, then the other
one or more base stations which can obtain only the sig-
nal quality lower than that of the base station having the
highest signal quality select one of the puncturing rules
(b) to (i) shown in Fig 9. Similarly to the above, this se-
lection is made such that if one base station selects the
puncturing rule (b) shown in Fig. 9, the other base sta-
tions select one of the puncturing rules (c) to (i). The
transmission control unit 6 of each base station 5 selects
the puncturing rule so as to be able to transmit all the
bits as much as possible after collecting a puncturing
result of each base station 5. The same thing is true for
an example in which the puncturing rules shown in Fig.
10 or 11 are adopted. If the base stations adopt different
modulation methods as shown in Fig. 9 to Fig. 11, the
base station which sets the modulation method having
fewer levels than those of the modulation methods for
the other base stations transmits the signal without de-
creasing the transmission rate by increasing the number
of bits to be punctured.

[0090] The transmission control unit 6 of each of the
base stations 5 (BS #1 to BS #Nb) sets the coding ratio
and the error-correction puncturing rule thus determined
to the code selection unit 7 of its own base station. In
addition, the transmission control unit 6 sets the modu-
lation method thus determined to the modulation unit 9
of its own base station. Further, the transmission control
unit 6 determines the interleave length according to the
modulation method, coding ratio, and error-correction
puncturing rule selected by its own base station, and
sets this determined interleave length to the interleave
unit 8. The transmission control unit 6 further transmits
the determined modulation method, coding ratio, and er-
ror-correction puncturing rule for its own base station,
as the control information, to the mobile station 12
through the modulation unit 9.
[0091] The code selection unit 7 of each of the base
stations 5 (BS #1 to BS #Nb) punctures data using the
coding ratio and the puncturing rule set by the transmis-
sion control unit 6 of its own base station. The code se-
lection unit 7 handles not the part indicated by "0" in the
puncturing rule as transmitted data but the part indicated
by "1" as the transmitted data, and outputs the part "1"
to the interleave unit 8 as the transmitted data.
[0092] The interleave unit 8 of each of the base sta-
tions 5 (BS #1 to BS #Nb) interleaves the punctured data
output from the code selection unit 7 of its own base
station for each slot. The interleave length has been set
by the transmission control unit 6. An output interleaved
by the interleave unit 8 is output to the modulation unit 9.
[0093] The modulation unit 9 of each of the base sta-
tions 5 (BS #1 to BS #Nb) modulates the interleaved
data using the modulation method set by the transmis-
sion control unit 6. The modulated data includes the con-
trol information which includes the modulation method,
the coding ratio, and the error-correction puncturing rule
set at each base station. An output of the modulation
unit 9 of each of the base stations 5 (BS #1 to BS #Nb)
is output to the base station antenna 10 and transmitted
to the mobile station 12.
[0094] Through these operations, the transmission
signal having the control information on each base sta-
tion carried over the control channel is transmitted to the
mobile station 12. In CDMA, for example, the control in-
formation includes various pieces of information neces-
sary for the mobile station 1 to demodulate the signal
transmitted from each base station 5 such as the mod-
ulation method, the coding ratio, the puncturing rule, and
the spreading ratio.
[0095] The mobile station 12 outputs the signals re-
ceived through the mobile antenna 11 to the Nm recep-
tion unit 13 provided to correspond to the respective
base stations. The reception control unit 14 of each re-
ception unit 13 extracts the control information, corre-
sponding to the base station for which the reception unit
13 is responsible, from the received signal, and outputs
the modulation method, the coding ratio, and the punc-
turing rule included in the extracted control information
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to the demodulation unit 15 and the code combining unit
17. In addition, the reception control unit 14 acquires
information necessary for the deinterleave unit 16 to car-
ry out deinterleave such as the interleave length, using
the modulation method, the coding ratio, and the punc-
turing rule in the control information, and outputs the ac-
quired information to the deinterleave unit 16.
[0096] The demodulation unit 15 of each reception
unit 13 variably sets a demodulation method according
to the number of levels of the modulation method that is
set by the reception control unit 14 of the reception unit
13, and outputs demodulated data using this set demod-
ulation method. The demodulated data is output to the
deinterleave unit 16.
[0097] The deinterleave unit 16 deinterleaves the de-
modulated data so that the data has the same interleave
length and the same interleave structure as those for
the interleave unit 8 of the corresponding base station,
based on the setting of the reception control unit 14 of
its own reception unit 13. The deinterleaved data is out-
put to the code combining unit 17.
[0098] All of deinterleaved outputs of the reception
units 13 are input to the code combining unit 17. The
code combining unit 17 combines soft decision values
obtained after the deinterleave according to the punc-
turing rule and the coding ratio set by each reception
control unit 14. The soft decision value that is code-com-
bined by the code combining unit 17 is input to the turbo
decoding unit 18. The turbo decoding unit 18 executes
a turbo decoding processing and obtains the output sig-
nal 19 as a decoding result.
[0099] As can be seen, in this embodiment, the base
stations 5 select their own modulation methods, coding
ratios, and puncturing rules based on the reception sig-
nal quality information transmitted from the mobile sta-
tion 12, and transmit the control information including
the selected modulation methods, coding ratios, and
puncturing rules to the mobile station 12, respectively.
The mobile station 12 selects the demodulation and the
soft decision value combining processing respectively
executed by the reception unit 13 and the code combin-
ing unit 17 corresponding to each base station 5, based
on the received control information. Therefore, base sta-
tion transmission and mobile station reception in light of
the influence of the transmission line between each
base station 5 and the mobile station 12 can be realized.
[0100] When deciding the modulation methods and
the error-correction puncturing rules, the modulation
method, the coding ratio, and the error-correction punc-
turing rule for each base station are selected based on
those for the base station which can obtain the highest
information transmission rate (to which station the mod-
ulation method having many levels is set). Therefore,
the qualities of the received signals obtained by site di-
versity can be improved without decreasing the informa-
tion transmission rate.
[0101] The mobile station adaptively combines the
signals transmitted from the base stations based on the

modulation methods, the coding ratios, and the error-
correction puncturing rules transmitted from the respec-
tive base stations. Therefore, the decoding result can
be improved and a good improvement effect can be ob-
tained by the site diversity.
[0102] Furthermore, each base station can select the
coding ratio. Accordingly, the transmission rate can be
finely set according to the state of the transmission line,
making it possible to enhance frequency utilization effi-
ciency.
[0103] Since CDMA scheme is employed, the spread-
ing ratio may be variably set for each base station and
the control signal including this spreading ratio may be
transmitted to the mobile station 12. Further, either the
SIR or the delay spread may be used as the reception
signal quality information.
[0104] As explained so far, according to the present
invention, each of the base stations determines the
modulation method, the interleave length, the coding ra-
tio, and the error-correction puncturing rule for each
base station using the reception signal quality informa-
tion transmitted from the mobile station, and transmits
the transmission signal. The mobile station demodu-
lates the received signals, deinterleaves soft decision
results, adaptively code-combines deinterleaved re-
sults, and then executes a decoding processing for error
correction. therefore, the base stations can perform
transmission to the mobile station and the mobile station
can perform reception from the base stations that takes
into account the state of the transmission line between
the base stations and the mobile station. In other words,
even if the transmission line is in a bad state, better site
diversity can be attained.
[0105] According to another aspect of the present in-
vention, the control information including the modulation
method, the coding ratio, and the puncturing rule varia-
bly set by each base station is included in the transmis-
sion signal transmitted from each base station, and the
mobile station executes demodulation corresponding to
each base station based on this received control infor-
mation. Therefore, the quality of the reception signal can
be improved by combining the soft decision results of
the respective base stations.
[0106] According to still another aspect of the present
invention, the signal quality information transmitted from
the mobile station to each base station includes a signal-
to-interference ratio or a delay spread. Therefore, for
each base station the modulation method, the interleave
length, the coding ratio, and the error-correction punc-
turing rule can be determined according to the signal-
to-interference ratio or the delay spread.
[0107] According to still another aspect of the present
invention, each base station determines a reception
state at the mobile station in response to transmission
of its own base station based on the reception signal
quality information, and changes the modulation meth-
od to a modulation method having increased or de-
creased number of levels based on this determination.
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Therefore, the base station having a low signal quality
is made to employ the modulation method having a
small number of levels so that a deterioration of signal
in the mobile station can be suppressed.
[0108] According to still another aspect of the present
invention, each base station uses a modulation method
that enables an increase in the number of bits in one
symbol to be transmitted if the base station changes the
modulation method. Therefore, the quality of the recep-
tion signal is improved without decreasing the informa-
tion transmission rate.
[0109] According to still another aspect of the present
invention, if setting the modulation method having fewer
levels than levels of the modulation method of the other
base station, each base station increases the number
of bits to be punctured without decreasing the transmis-
sion rate. Therefore, the signal can be transmitted with-
out decreasing the transmission rate.
[0110] According to still another aspect. of the present
invention, if a turbo code is employed for the error cor-
rection, each base station holds communication with in-
formation bits left as they are and only parity bits punc-
tured. Therefore, better site diversity can be improved
in light of the influence of the transmission line between
each base station line and the mobile station.
[0111] According to still another aspect of the present
invention, if a turbo code is employed for the error cor-
rection, the base stations other than one base station
hold communication by deleting information bits and
puncturing parity bits. Therefore, the quality of the site
diversity can be improved in light of the influence of the
transmission line between each base station and the
mobile station.
[0112] According to still another aspect of the present
invention, the base station determines the modulation
method, the interleave length, the coding ratio, and the
puncturing rule using the reception signal quality infor-
mation received from the mobile station, and transmits
a transmission signal. Therefore, the signal can be
transmitted based on the modulation method, the inter-
leave length, the coding ratio, and the error-correction
puncturing rule according to the state of the transmis-
sion line.
[0113] According to still another aspect of the present
invention, the transmission signal that includes the con-
trol information including the modulation method, the
coding ratio, and the puncturing rule variably set by each
base station is transmitted. Therefore, the reception sig-
nal quality can be improved by combining the soft deci-
sion results of the respective base stations at the mobile
station that receives the signals.
[0114] According to still another aspect of the present
invention, the base station determines a reception state
at the mobile station in response to transmission of its
own base station based on the reception signal quality
information, and changes the modulation method to a
modulation method having increased or decreased
number of levels based on this determination. There-

fore, the modulation method having a small number of
levels is allocated to the base station having a low signal
quality, and a signal deterioration in the output of the
demodulation unit in the reception unit of the mobile sta-
tion can be suppressed.
[0115] According to still another aspect of the present
invention, if the modulation method is changed, a mod-
ulation method that enables an increase in the number
of bits in one symbol to be transmitted is employed.
Therefore, the qualities of the reception signals by the
site diversity can be improved without decreasing the
information transmission rate.
[0116] According to still another aspect of the present
invention, if setting the modulation method having fewer
levels than levels of the modulation method for the other
base station, the base station transmits the transmission
signal without decreasing the transmission rate by in-
creasing the number of bits to be punctured.
[0117] According to still another aspect of the present
invention, if a turbo code is employed for the error cor-
rection, all the base stations hold communication with
information bits left as they are and only parity bits punc-
tuated. Therefore, the quality of the site diversity can be
improved in light of the influence of the transmission line
between the base station and the mobile station.
[0118] According to still another aspect of the present
invention, if a turbo code is employed for the error cor-
rection, base stations other than one base station hold
communication while deleting information bits and
puncturing parity bits. Therefore, the quality of the site
diversity can be improved in light of the influence of the
transmission line between the base station and the mo-
bile station.
[0119] According to still another aspect of the present
invention, the mobile station demodulates the received
transmitted signal, interleaves soft decision results,
adaptively code-combines the deinterleaved results.
Thereafter, the mobile station executes a decoding
processing for error correction and transmits signal
quality information that indicates estimated states of
transmission lines between the mobile station and the
base stations, respectively. Therefore, base station
transmission and mobile station reception in light of the
influence of the transmission line between each base
station and the mobile station can be realized. Even if
the transmission line is in a bad state, an improvement
effect by good site diversity can be attained.
[0120] According to still another aspect of the present
invention, the mobile station executes demodulation
corresponding to each base station based on the control
information including the modulation method, the coding
ratio, and the puncturing rule variable set by each base
station, the control information included in each of the
received signals. Therefore, the reception signal quality
of the signal transmitted to each base station can be im-
proved.
[0121] According to still another aspect of the present
invention, the reception signal quality information in-
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cludes a signal-to-interference ratio or a delay spread.
Therefore, each base station that receives the reception
quality information can determine the modulation meth-
od, the interleave length, the coding ratio, and the error-
correction puncturing rule according to the signal-to-in-
terference ratio or the delay spread.

INDUSTRIAL APPLICABILITY

[0122] The site diversity transmission/reception ap-
paratus, the base station, and the mobile station accord-
ing to the present invention are effectively used in the
multiple access mobile communication system such as
the single-carrier CDMA mobile communication system
or the multicarrier CDMA mobile communication sys-
tem. They are particularly suitable for a base station and
a mobile station that operate in a communication envi-
ronment which tends to be influenced by fading.

Claims

1. A site diversity transmission/reception apparatus
that realizes site diversity communication between
a mobile station and a pluratity of base stations,
wherein

the base stations adaptively, variably sets
modulation methods, interleave lengths, coding ra-
tios, and puncturing rules for the respective base
stations based on reception signal quality informa-
tion transmitted from the mobile station, and trans-
mit transmitted signals, and

the mobile station separately demodulates
the signals transmitted from the base stations, dein-
terleaves soft decision values obtained from de-
modulation results, adaptively code-combines
deinterleaved results, and then executes an error-
correction decoding processing.

2. The site diversity transmission/reception apparatus
according to claim 1, wherein

the transmission signal transmitted from each
of the base stations has control information includ-
ing the modulation method, the coding ratio, and the
puncturing rule variably set by the each base sta-
tion, and

the mobile station executes demodulation
corresponding to the each base station based on
the control information.

3. The site diversity transmission/reception apparatus
according to claim 1, wherein

the reception signal quality information in-
cludes one of a signal-to-interference ratio and a
delay spread.

4. The site diversity transmission/reception apparatus
according to claim 1, wherein

the each base station determines a reception
state at the mobile station in response to transmis-
sion of its own base station based on the reception
signal quality information, and changes the modu-
lation method to a modulation method having in-
creased or decreased number of levels based on
this determination.

5. The site diversity transmission/reception apparatus
according to claim 4, wherein

the each base station uses a multi-level mod-
ulation method that enables an increase in the
number of bits in one symbol to be transmitted if the
each base station adaptively changes the modula-
tion method.

6. The site diversity transmission/reception apparatus
according to claim 4, wherein

if setting the modulation method having fewer
levels than levels of the modulation method of the
other base station, the each base station increases
the number of bits to be punctured.

7. The site diversity transmission/reception apparatus
according to claim 1, wherein

if a turbo code is applied to the puncturing
rule, the each base station transmits information
bits as they are and punctures parity bits.

8. The site diversity transmission/reception apparatus
according to claim 1, wherein

if a turbo code is applied to the puncturing
rule, the base stations other than one base station
delete information bits and puncture parity bits.

9. A base station that constitutes, together with a mo-
bile station which holds a site diversity communica-
tion, a mobile communication system, wherein

the base station adaptively, variably sets a
modulation method, an interleave length, a coding
ratio, and a puncturing rule for each base station
based on reception signal quality information re-
ceived from the mobile station, and transmits a
transmission signal.

10. The base station according to claim 9, wherein
the transmission signal transmitted from the

base station has control information including the
modulation method, the coding ratio, and the punc-
turing rule variably set by the base station.

11. The base station according to claim 9, wherein
the base station determines a reception state

at the mobile station in response to transmission of
its own base station based on the reception signal
quality information, and changes the modulation
method to a modulation method having increased
or decreased number of levels based on this deter-
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mination.

12. The base station according to claim 11, wherein
the base station uses a multi-level modulation

method that enables an increase in the number of
bits in one symbol to be transmitted if the base sta-
tion adaptively changes the modulation method.

13. The base station according to claim 11, wherein
if setting the modulation method having fewer

levels than levels of the modulation method for the
other base station, the base station increases the
number of bits to be punctured.

14. The base station according to claim 9, wherein
if a turbo code is applied to the puncturing

rule, the base station transmits information bits as
they are and punctures parity bits.

15. The base station according to claim 9, wherein
if a turbo code is applied to the puncturing

rule, base stations other than one base station de-
lete information bits and puncture parity bits.

16. A mobile station that holds a site diversity commu-
nication with a plurality of base stations, wherein

the mobile station separately demodulates
signals transmitted from the base stations, deinter-
leaves soft decision values obtained from demodu-
lation results, adaptively code-combines deinter-
leaved results, and then executes an error-correc-
tion decoding processing and transmits signal qual-
ity information that indicates estimated states of
transmission lines between the mobile station and
the base stations, respectively.

17. The mobile station according to claim 16, wherein
the mobile station executes demodulation

corresponding to each of the base stations based
on control information including a modulation meth-
od, a coding ratio, and a puncturing rule variable set
by the each base station, the control information in-
cluded in each of the received signals.

18. The mobile station according to claim 16, wherein
the reception signal quality information in-

cludes one of a signal-to-interference ratio and a
delay spread.
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