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This application is based upon and claims the benefit of priority from the
prior Japanese Patent Application No. P2002-142114, filed on May 16) 2002;
the entire contents of which are incorporated herein by reference. 10
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to a transmitter for multi-carrier transmission and a multi-carrier
transmitting 15 method. 2. Description of the Related Art In recent years,
radio transmission systems using multi-carrier transmission have been
intensively studied. 20 For example, "IEEE802.11a") which is a standard of
wireless LAN, defines a radio transmission system to be performed using
OFDM (Orthogonal Frequency Division Multiplexing) which is a simple type of
multi-carrier transmission. 25 Radio access systems such as MC/DS-CDMA
(Multi-carrier / Direct sequence-CDMA) and MC-CDMA (Multi-carrier-CDMA) are
proposed as radio transmission systems combining the multi-carrier
transmission with CDMA (Code Division Multiple Access).   2 As shown in
FIG. 1, spreading code multiplying units 131 to 13n spread data symbols
using spreading codes, create DS-CDMA signals by arranging (mapping) the
spread data symbols ( chips ) in the time-base, and transmit a plurality of
DS-CDMA signals 5 over sub-carriers in parallel, in the MC/DS-CDMA. As
shown in FIG. 2, spreading code multiplying units 131 



to 13n spread data symbols using spreading codes, arranging (mapping) the
spread data symbols (chips) in a plurality of sub-carriers, and transmit
the arranged data symbols (MC-CDMA 10 signals) over the sub-carriers in
parallel, in the MC-CDMA. In this way, the reason why radio transmission
systems using multi-carrier transmission have been intensively studied is
that the multi-carrier transmission has a tolerance to multi-path
propagation which is caused by signals transmitting 15 from a transmitter
to a receiver via a plurality of propagation paths. When multi-path
propagation occurs, there is a problem in that a delayed signal reaching
the receiver can interfere with an earlier received signal. 20 However, in
the multi-carrier transmission, a symbol length becomes longer, and a delay
between the early signal ( for example , a symbol over the path #1 ) and
the delayed signal ( for example, a symbol over the path #L) is smaller
than the symbol length as shown FIG. 3. Therefore the influence of
interference 25 caused by the multi-path propagation is reduced in the
multi-carrier transmission. Information to be transmitted is overlaid on
the amplitude or the phase of the signals transmitted from the transmitter.
Therefore the receiver needs to remove any change   3 in amplitude and/or
phase which occurred in the propagation paths, and reconstitute the
information which is overlaid on the amplitude or the phase. The method for
transmitting symbol patterns (pilot symbol 5 patterns), in which the
amplitude and phase are known in the transmitter and the receiver, between
the transmitter and the receiver) and estimating the change in amplitude
and/or phase which occurred in the propagation paths, are known. Therefore
the configuration of the pilot channel which 10 multiplexes the pilot
symbol patterns is very important in the 



multi-carrier transmission. Regarding the configuration of the pilot
channel in the multi-carrier transmission, the configuration of the pilot
channel in the OFDM is disclosed in JP2001-203665) the 15 configuration of
the pilot channel in the MC/DS-CDMA is disclosed in JP2001-244913, and the
configuration of the pilot channel in the MC/CDMA is disclosed in
JP2001-197037. The above documents disclose the configuration for
multiplexing pilot symbol patterns in at least one direction 20 of the time
base, the frequencies (sub-carriers) or codes. The method for spreading
data symbols in the direction of the time base and the sub-carriers in
two-dimensions , that is to say) the method for spreading data symbols over
a plurality of symbol durations in a plurality of sub-carriers is disclosed
25 in "OFDM-CDMA using a method for spreading in the time and frequency
domain simultaneously (the technical report RCS-200-3 published by the
Institute of Electronics, Information and Communication Engineers)".
However, the conventional configuration of the pilot   4 channel has a
problem in that the influence of the interference between the pilot
channels multiplexed on the radio frames is not considered. The
conventional method for spreading the data symbols 5 in at least one
direction of the time base or the sub-carriers has a problem in that the
merit of the signal transmission characteristics in each method greatly
depends on the condition of the propagation paths. 10 BRIEF SUMMARY OF THE
INVENTION In viewing of the foregoing, it is an object of the present
invention to provide a transmitter for multi-carrier transmission and a
multi-carrier transmitting method for 15 allocating pilot channels to radio
frames, in consideration of 



interference with other pilot channels. It is another object of the present
invention to provide a transmitter for multi-carrier transmission and a
multi-carrier transmitting method for controlling the 20 spreading method,
in consideration of the condition of the propagation paths between the
transmitter and a receiver, for multi-carrier transmission. A first aspect
of the present invention is summarized as a transmitter for multi-carrier
transmission configured to 25 transmit a plurality of sub-carriers having
at least one pilot symbol duration comprising a pilot symbol allocater
configured to allocate a plurality of pilot symbol patterns which are
orthogonal to each other, to the at least one pilot symbol durations in at
least two sub-carriers.   5 In the transmitter for multi-carrier
transmission, the pilot symbol allocates preferably changes the length of a
pilot symbol pattern based on the number of the pilot symbol patterns which
are allocated. 5 In the transmitter for multi-carrier transmission) the
pilot symbol pattern is preferably configured with an orthogonal Variable
Spreading Factor (OVSF) code. In the transmitter for multi-carrier
transmission, the pilot symbol allocates preferably allocates the pilot
symbol 10 patterns to any given portion in the at least one pilot symbol
durations in at least two sub-carriers. The pilot symbol patterns which are
allocated to the same portion are orthogonal to each other. In the
transmitter for multi-carrier transmission) the 15 pilot symbol allocates
preferably allocates the pilot symbol patterns to the at least one pilot
symbol durations in predetermined numbers of consecutive sub-carriers. A
second aspect of the present invention is summarized as a transmitter for
multi-carrier transmission configured to 20 transmit a plurality of
sub-carriers having a plurality of symbol durations comprising spreaders
and a controller. The spreaders are configured to spread and transmit
symbols over the symbol durations in a plurality of sub-carriers, using
sub-carrier spreading factor assigned in the direction of the 25
sub-carriers and time-base spreading factor assigned in the direction of
the time base. The controller is configured to change the sub-carrier
spreading factor or the time-base spreading factor, based on the condition
of a propagation path between the transmitter and a receiver for
multi-carrier  



6 transmission. In the transmitter for mufti-carrier transmission, the
controller preferably changes the sub-carrier spreading factor or the
time-base spreading factor when a radio channel is set 5 up between the
transmitter and the receiver. In the transmitter for mufti-carrier
transmission, the controller preferably changes the sub-carrier spreading
factor or the time-base spreading factor, following a change in the
condition of the propagation path. 10 A third aspect of the present
invention is summarized as a mufti-carrier transmitting method for
mufti-carrier transmission for transmitting a plurality of sub-carriers
having at least one pilot symbol duration comprising: allocating a
plurality of pilot symbol patterns which are 15 orthogonal to each other,
to the pilot symbol durations in at least two sub-carriers. In the
mufti-carrier transmitting method, the length of a pilot symbol pattern is
preferably changed based on the number of the pilot symbol patterns which
are allocated. 20 In the mufti-carrier transmitting method, the pilot
symbol pattern is preferably configured with an orthogonal Variable
Spreading Factor (OVSF) code. In the mufti-carrier transmitting method, the
pilot symbol patterns are preferably allocated to any given portion 25 in
the pilot symbol durations in at least two sub-carriers . The pilot symbol
patterns which are allocated to the same portion are orthogonal to each
other. In the mufti-carrier transmitting method, the pilot symbol patterns
are preferably allocated to the pilot symbol    durations in predetermined
numbers of consecutive sub-carriers. A fourth aspect of the present
invention is summarized as a multi-carrier transmitting method for
transmitting a 5 plurality of sub-carriers having a plurality of symbol
durations comprising: spreading and transmitting symbols over the symbol
durations in a plurality of sub-carriers, using sub-carrier spreading
factor assigned in the direction of the sub-carriers and time-base
spreading factor assigned in the 10 direction of the time base; and
changing the sub-carrier spreading factor or the time-base spreading
factor, based on the condition of a propagation path between the
transmitter and a receiver for multi-carrier transmission. In the
multi-carrier transmitting method, the 15 sub-carrier spreading factor or
the time-base spreading factor is preferably changed when a radio channel
is set up between the transmitter and the receiver. In the multi-carrier
transmitting method, the 



sub-carrier spreading factor or the time-base spreading factor 20 is
preferably changed, following a change in the condition of the propagation
path. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 25 FIG. 1 is a
diagram of the schematic configuration of a transmitter for MC/DS-CDMA
transmission according to the prior art. FIG. 2 is a diagram of the
schematic configuration of a transmitter for MC-CDMA transmission according
to the prior   8 art. FIG. 3 is a diagram explaining the reason why the
influence of interference caused by the multi-path path propagation is
reduced in the multi-carrier transmission according to the 5 prior art.
FIG. 4 is a diagram exemplifying a method wherein the pilot symbol
allocating unit of the transmitter for multi-carrier transmission according
to the first embodiment of the present invention allocates the orthogonal
pilot channels. 10 FIG. 5 is a diagram exemplifying the orthogonal pilot
channels allocated by the pilot symbol allocating unit of the transmitter
for multi-carrier transmission according to the first embodiment of the
present invention. FIG. 6 is a diagram exemplifying the orthogonal pilot 15
channels allocated by the pilot symbol allocating unit of the transmitter
for multi-carrier transmission according to the second embodiment of the
present invention. FIG. 7 is a diagram exemplifying OVSF codes which belong
to the orthogonal pilot channels allocated by the pilot symbol 20
allocating unit of the transmitter for multi-carrier transmission according
to the second embodiment of the present invention. FIG. 8 is a diagram
exemplifying a method wherein the pilot 



symbol allocating unit of the transmitter for multi-carrier 25 transmission
according to the third embodiment of the present invention allocates the
orthogonal pilot channels. FIG. 9 is a diagram exemplifying a method
wherein the pilot symbol allocating unit of the transmitter for
multi-carrier transmission according to the fourth embodiment of the
present   9 invention allocates the orthogonal pilot channels. FIG. 10 is a
diagram exemplifying the method for allocating the orthogonal pilot
channels to radio frames consisting of two slots according to the fourth
embodiment of 5 the present invention. FIG. 11 is a diagram of the
schematic configuration of a transmitter for multi-carrier transmission
according to the fifth embodiment of the present invention. FIG. 12 is a
diagram explaining a method wherein the 10 transmitter for multi-carrier
transmission according to the fifth embodiment of the present invention
spreads data symbols. FIG. 13 is a flowchart illustrating the operation of
the transmitter for multi-carrier transmission according to the fifth
embodiment of the present invention. 15 FIG. 14 is a flowchart illustrating
the operation of the transmitter for multi-carrier transmission according
to the fifth embodiment of the present invention. 20 DETAILED DESCRIPTION
OF THE INVENTION (The first embodiment of the present invention) Referring
to FIGS. 4 to 5, the first embodiment of the present invention will be
described. The configuration of the transmitter for multi-carrier 25
transmission according to the first embodiment is the same as the
configuration of the transmitter for multi-carrier transmission according
to the prior art shown in FIG 1 to 2, except for the method wherein the
pilot symbol allocating unit 17 allocates pilot symbol patterns. 



10 As shown in FIG. 4, the transmitter for multi-carrier transmission
according to the first embodiment transmits radio frames consisting of at
least one pilot symbol duration over a plurality of sub-carriers #1 to #8.
5 In the description, a "pilot symbol" refers to one bit information taking
on values "+1" or "-1" , and a "pilot symbol pattern" refers to information
consisting of a plurality of the pilot symbols . As shown in FIG. 5, for
example, the pilot symbol pattern includes a pilot symbol pattern #1 "+1,
+1, +1 ( +1, +1, 10 +1, +1, +1" and so on. The pilot symbol pattern can
have any length of symbol durations. For example, the pilot symbol pattern
#1 has eight symbol durations. In the description, the word "orthogonal"
means that a value calculated by multiplying pilot symbols which correspond
15 with each other between two pilot symbol patterns and summing the
multiplied results is "0" . In FIG 5, for example, the pilot symbol pattern
#1 "+1 , +1 ( +1 ( +1, +1 , +1 , +1 , +1" is "orthogonal" to the pilot
symbol pattern #2 "+1, -1, +1, -1, +1, -1) +1, -1". In the description, the
"orthogonal pilot symbol patterns" 20 refer to the pilot symbol patterns
which are orthogonal to each other In FIG. 4) pilot symbol durations in
which the pilot symbols can be multiplexed in the direction of the time
base have a length of 4 symbol durations. 25 In FIG. 4, a pilot symbol
allocating unit 17 can allocate pilot symbols to the pilot symbol
durations, and allocate data symbols to data symbol durations. There are
pilot symbol durations having a length of only 4 symbol durations in each
radio frame, so that the pilot symbol   11 allocating unit 17 according to
the prior art can multiplex only pilot symbol patterns having a length of 4
symbol durations over the radio frame as orthogonal pilot symbol patterns,
and can not allocate more than 4 types of pilot symbol patterns. 5 On the
other hand, the pilot symbol allocating unit 17 according to the first
embodiment can allocate a plurality of orthogonal pilot symbol patterns to
the pilot symbol durations in a plurality of sub-carriers ( for example, 2
sub-carriers ) , so that the pilot symbol allocating unit 17 according to
the 10 first embodiment can allocate the orthogonal pilot symbol 



patterns having a length of 8 symbol durations when there are pilot symbol
durations having a length of 4 symbol durations) and can allocate 8 types
of orthogonal pilot symbol patterns at the maximum. 15 Especially, in a
case where base stations apply a directional beam transmission using a
plurality of antennas to each mobile station in cellular systems, dedicated
pilot channels ( pilot symbol patterns ) are required for every mobile
station. Therefore, according to the first embodiment, there 20 is an
advantage in that the number of multiplexed orthogonal pilot symbol
patterns can be increased and the number of radio channels between the base
stations and the mobile stations can be increased. FIG. 4 illustrates an
example of the orthogonal pilot 25 symbol patterns having 8 symbol
durations allocated to the pilot symbol durations in two sub-carriers
repeatedly. According to the first embodiment, the orthogonal pilot symbol
patterns are allocated to pilot symbol durations in a plurality of
sub-carriers #1 to #8, and the length of the   12 orthogonal pilot symbol
patterns becomes longer, so as to allow an increase in the number of
orthogonal pilot symbol patterns which can be multiplexed. In a case where
the orthogonal pilot symbol patterns are 5 allocated over a plurality of
sub-carriers #1 to #8, a correlation between changes in the condition of
the propagation paths in the sub-carriers #1 to #8 needs to be large, so as
to reduce the collapse of the orthogonality between the pilot channels
received at the receiver for multi-carrier 10 transmission. In
multi-carrier transmission systems using a plurality of sub-carriers, a
correlation between changes of the condition of the propagation paths in
the adjacent sub-carriers is large, so as to reduce the influence of the
collapse of the orthogonality between the pilot channels. 15 Therefore,
according to the first embodiment) it is possible to multiplex the
orthogonal pilot symbol patterns to radio frames , so as to reduce the
influence of the interference caused by pilot symbol patterns in the radio
frames. Moreover, according to the first embodiment, the pilot 20 symbol
allocating unit 17 allocates a plurality of pilot symbol patterns to the
pilot symbol durations in a plurality of sub-carriers, so as to make the
length of the pilot symbol patterns which can be multiplexed longer,
increase the number of the pilot symbol patterns which can be multiplexed,
and 25 increase the number of radio channels which can be set up between
the transmitter and the receiver, when the number of the pilot symbol
durations in each sub-carrier is limited. FIG. 5 illustrates an example of
the orthogonal pilot symbol patterns having a length of 8 symbol durations
( 4 symbol   1s durations x 2 sub-carriers) allocated by the pilot symbol 



allocating unit 17 according to the first embodiment. FIG. 5 illustrates 8
types of orthogonal pilot symbol patterns #1 to #8. The pilot symbol
allocating unit 17 5 according to the first embodiment can multiplex 8
types of orthogonal pilot symbol patterns #1 to #8 over 8 pilot symbol
durations in the sub-carriers #i to #i+1. (The second embodiment of the
present invention) 10 Referring to FIGS. 6 and 7, the second embodiment of
the present invention will be described. The configuration of the
transmitter for multi-carrier transmission according to the second
embodiment is the same as the configuration of the transmitter for
multi-carrier transmission according to the 15 first embodiment. In the
second embodiment, there are pilot symbol durations having a length of 4
symbol durations in each sub-carrier #1 to #8, the orthogonal pilot symbol
patterns to be allocated are the same as the orthogonal pilot symbol 20
patterns in the first embodiment. The pilot symbol allocating unit 17
according to the second embodiment can change the length of a pilot symbol
pattern based on the number of the pilot symbol patterns which are
allocated. 25 To be concrete, the pilot symbol allocating unit 17 can
allocate the orthogonal pilot symbol patterns #1 to #8 having a length of 4
or 8 symbol durations to 1 or 2 sub-carriers) #i to #i+1 in the
predetermined order, as shown in FIG. 6. As shown in FIG. 6) the pilot
symbol allocating unit 17   14 can orthogonalize the pilot symbol patterns
in 4 symbol durations over 1 sub-carrier #I or #i+1 using the pilot symbol
patterns #1 to #4, when the number of multiplexed pilot channels (pilot
symbol patterns) is the same as or less than 4. 5 On the other hand, the
pilot symbol allocating unit 17 can orthogonalize the pilot symbol patterns
in 8 symbol durations over 2 sub-carriers #i and #i+1 by adding the pilot
symbol patterns #5 to #8 to the pilot symbol patterns #1 to #4, when the
number of multiplexed pilot channels (pilot symbol 10 patterns) is the same
as or less than 8. FIG. 7 illustrates the Orthogonal Variable Spreading
Factor ( OVSF ) codes as a general example of the orthogonal pilot 



symbol patterns . The OVSF codes axe described in "Koichi Okawa and
Fumiyuki Adachi, Orthogonal forward link using orthogonal 15
multi-spreading factor codes for coherent DS-CDMA mobile ratio, IEICE
Transactions on Communications, vol. E81-B, no. 4, pp. 777-784, April
1998". The pilot symbol allocating unit 17 according to the second
embodiment can orthogonalize a few multiplexed pilot 20 channels to each
other using a few sub-carriers, by selecting the orthogonal pilot symbol
patterns to be allocated, based on the hierarchy of the OVSF codes as shown
in FIG. 7) and based on the number of the multiplexed pilot channels . As
the number of multiplexed pilot channels is larger, the pilot symbol 25
allocating unit 17 can orthogonalize the multiplexed pilot channels to each
other using more sub-carriers. The pilot symbol allocating unit 17 can
increase the number of multiplexed pilot channels to more than 8 , based on
the hierarchy of the OVSF codes.   15 (The third embodiment of the present
invention) Referring to FIG. 8, the third embodiment of the present
invention will be described. The configuration of the 5 transmitter for
multi-carrier transmission according to the third embodiment is the same as
the configuration of the transmitter for multi-carrier transmission
according to the first embodiment. As shown in FIG. 8, the pilot symbol
allocating unit 17 10 of the transmitter for multi-carrier transmission
according to the third embodiment allocates the pilot symbol patterns #1 to
#8 shown in FIG. 5, to any given portion in the pilot symbol durations in
at least two sub-carriers among the sub-carriers #1 to #6. 15 In FIG.8, the
pilot symbol allocating unit 17 is configured to allocate the pilot symbol
patterns #1 to #8 shown in FIG. 5, to the pilot symbol durations in
predetermined numbers (for example, two) of consecutive sub-carriers. The
pilot symbol patterns #1 to #8 which are allocated 20 to the same portions
#A and #B are orthogonal to each other. 



The portion #A consists of the pilot symbol durations #1 to #4 in the
sub-carrier #1 and the pilot symbol durations #1 to #4 in the sub-carrier
#2 which is consecutive to the sub-carrier #1. 25 The portion #B consists
of the pilot symbol durations #1 to #4 in the sub-carrier #2 and the pilot
symbol durations #1 to #4 in the sub-carrier #3 which is consecutive to the
sub-carrier #2. That is to say, both portions #A and #B consist of 4 symbol
16 durations in the direction of the time base and 2 symbol durations in
the direction of the sub-carriers. As shown in FIG. 8, for example, the
pilot symbol pattern #1 +1, +1, +1, +1, +1, +1 +1, +1" which is allocated
to the 5 portion #A (or #B) and the pilot symbol pattern #2 "+1, -1( +1,
-1, +1, -1 +1, -1" which is allocated to the portion #A ( or #B ) are
orthogonal to each other. According to the third embodiment, it is possible
to orthogonalize any two sub-carriers, so as to allow an estimation 10 of
the changes of the propagation paths in each sub-carrier. (The fourth
embodiment of the present invention) Referring to FIGS. 9 and 10, the
fourth embodiment of the present invention w111 be described. The
configuration of the 15 transmitter for multi-carrier transmission
according to the fourth embodiment is the same as the configuration of the
transmitter for multi-carrier transmission according to the first
embodiment. As shown in FIG. 9, the pilot symbol allocating unit 17 20 of
the transmitter for mufti-carrier transmission according to the fourth
embodiment allocates the pilot symbol patterns #1 to #4 shown in FIG. 6, to
any given portion (for example, #D) in the pilot symbol durations in at
least two sub-carriers among the sub-carriers #1 to #6. 25 In FIG. 9) the
pilot symbol allocating unit 17 is 



configured to allocate the pilot symbol patterns #1 to #4 to the portion #C
and #D in the pilot symbol durations. The pilot symbol patterns #1 to #4
which are allocated to the same portion #C and #D are orthogonal to each
other.   17 The portion #C consists of the pilot symbol durations #1 to #4
in the sub-carrier #1. That is to say, the portion #C consists of 4 symbol
durations in the direction of the time base and 1 symbol duration in the
direction of the sub-carriers. 5 The portion #D consists of the pilot
symbol durations #1 to #2 in the sub-carrier #1 and the pilot symbol
durations #1 to #2 in the sub-carrier #2 which is consecutive to the
sub-carrier #1. That is to say, the portion #D consists of 2 symbol
durations in the direction of the time base and 2 symbol 10 durations in
the direction of the sub-carriers. As shown in FIG. 9 ( for example, the
pilot symbol pattern #1 +1, +1, +1, +1" which is allocated to the portion
#C (or #D) and the pilot symbol pattern #2 "+1, -1, +1, -1, +1, -1 +1, -1 "
which is allocated to the portion #C ( or #D ) are orthogonal 15 to each
other. In the fourth embodiment, the pilot symbol allocating unit 17 can
allocate the pilot symbol patterns #1 to #4, so as to orthogonalize any two
pilot symbol patterns using the 4 symbol durations in the direction of the
time base, and 20 orthogonalize any two pilot symbol patterns using the 2
symbol durations in the direction of the time base and using the 2 symbol
durations in the direction of the sub-carriers ( as shown in FIG. 9.
According to the fourth embodiment, it is possible to 25 orthogonalize any
two pilot symbol patterns using the 4 symbol durations in the direction of
the time base in radio frames, and orthogonalize any two pilot symbol
patterns using the 2 symbol durations in the direction of the time base and
in the 2 symbol durations in the direction of the sub-carriers , when   18 



the radio frames include two slots and two pilot channels are multiplexed
in each slot, as shown in FIG. 10. Therefore, the orthogonal pilot symbol
patterns which are the same as or less than 4 can be used in the example of
FIG. 10. 5 (The fifth embodiment of the present invention) Referring to
FIGS. 11 to 14, the fifth embodiment of the present invention will be
described. FIG. 11 illustrates the schematic configuration of a transmitter
for multi-carrier 10 transmission according to the fifth embodiment. The
transmitter for multi-carrier transmission transmits the radio frames
having a plurality of symbol durations) using a plurality of sub-carriers.
As shown in FIG. 11, the transmitter for multi-carrier 15 transmission
comprises a data symbol creating unit 11, a serial/parallel converting unit
12, spreading code multiplying units 131 to 13n, sub-carrier frequency
multiplying units 14l to 14n, a summation unit 15, copying units 161 to
16n, a propagation path condition monitoring unit 18 and a controlling 20
unit 19. Mainly, the configuration of the transmitter for multi-carrier
transmission according to the fifth embodiment which is different from the
transmitter according to the first to fourth embodiments will be described.
25 The spreading code multiplying units 131 to 13n spread symbols (data
symbols) to be transmitted over the symbol durations in a plurality of
sub-carriers, using sub-carrier spreading factor assigned in the direction
of the sub-carriers and time-base spreading factor assigned in the
direction of the   19 time base. As shown in FIG. 12, the spreading code
multiplying units 131 to 13n spread data symbols using the sub-carrier
spreading factor ( SFtime=2 ) and the time-base spreading factor ( SFFreq=4
) 5 The spreading code multiplying units 131 to 13n can multiplex a
plurality of channels using a plurality of spreading codes each of which
has a different symbol pattern when the radio channels are configured by
spreading the symbols two-dimensionally. 10 The propagation path condition
monitoring unit 18 monitors the condition of the propagation path, that is
to say, the condition of the radio channel between the transmitter for
multi-carrier transmission and the receiver for multi-carrier transmission.
15 The controlling unit 19 is configured to change the sub-carrier
spreading factor SFFreq and/or the time-base spreading factor SFtime, based
on the condition of the propagation path, that is to say, the condition of
the radio channel between the transmitter and the receiver. 20 The
controlling unit 19 can change the sub-carrier spreading factor SFFreq
and/or the time-base spreading factor SFtime. when the radio channel is set
up between the transmitter and the receiver. The controlling unit 19 can
change the sub-carrier 



25 spreading factor SFFreq and/or the time-base spreading factor SFtime
following a change in the condition of the propagation path. When the
symbol patterns of the spreading codes which are used by the spreading code
multiplying units 131 to 13n are   20 orthogonal to each other, the
orthogonality of the multiplexed radio channels is kept in the transmitter.
However, the spread symbols are influenced by the change in phases and/or
amplitudes in the propagation paths, so that the orthogonality of the 5
multiplexed radio channels collapses) interference among the radio channels
occurs and the receiving quality is degraded in the receiver. The phase
and/or the amplitude of the symbols in the direction of the time base are
changed according to the maximum 10 Doppler frequency in the propagation
path. The phase and/or the amplitude of the symbols in the direction of the
sub-carriers are changed according to the delay spread in the propagation
path. Therefore, it is efficient for the controlling unit 19 15 to set up
the sub-carrier spreading factor SFFreq and/or the time-base spreading
factor SFtime flexibly within the range wherein the radio channels are
orthogonal to each other based on the maximum Doppler frequency and/or the
delay spread, so as to reduce the collapse of the orthogonality, which is
caused 20 by the change in the condition of the propagation path, between
the multiplexed radio channels. For example, it is efficient for the
controlling unit 19 to set up the maximum SFtime which satisfies the
condition "SFtime 1/fD ", so as to keep the orthogonality between the radio
25 channels multiplexed With SFtime, against the change in phase and/or
amplitude of symbols in the direction of the time base according to the
maximum Doppler frequency fp. Moreover, it is efficient for the controlling
unit 19 to set up the maximum SFFreq which satisfies the condition "SFFreq
21 1/ t", so as to keep the orthogonality between the radio channels
multiplexed with SFFreq, against the change in phase and/or amplitude of
symbols in the direction of the sub-carriers according to the delay spread
'c. 5 The SFtime and SFF=eq are defined as the maximum spread ratio
satisfying the above conditions. However, the SFtime and SFFreq are not
limited to the spread ratio, and may be set up by other methods for
reducing the interference from other cells in the cellular system. 10
According to the fifth embpdiment, it is possible to transmit data symbols
with high quality, by reducing the influence of the interference caused by
the collapse of the orthogonality between radio channels) which is
influenced by the change in the condition of the propagation paths in the
15 symbols in the direction of the time base or the sub-carriers . FIG. 13
and 14 are flowcharts showing the operations of the transmitter for
multi-carrier transmission according to the fifth embodiment. FIG. 13 shows
the flowchart in the case where the 20 controlling unit 19 changes the
sub-carrier spreading factor SFFreq and/or the time-base spreading factor
SFtime. when the radio channels are set up between the transmitter and the
receiver. FIG. 14 shows the flowchart in the case where the 25 controlling
unit 19 changes the sub-carrier spreading factor SFFreq and/or the
time-base spreading factor SF~ime, following the change in the condition of
the propagation path. First, referring to FIG. 13, the operation of the
transmitter for multi-carrier transmission will be described.   22 As shown
in FIG. 13, in step 1001, data symbols to be 



transmitted to the receiver for mufti-carrier transmission are generated.
In step 1002, the controlling unit 19 determines the 5 time-base spreading
factor SFtime and the sub-carrier spreading factor SFF=e9, based on the
condition of the propagation path between the transmitter and the receiver,
before transmitting the data symbols. In step 1003, the spreading code
multiplying units 131 10 to 13n spread the data symbols using the time-base
spreading factor SFtime and the sub-carrier spreading factor SFFre9, and
the sub-carrier frequency multiplying units 141 to 14n and the summation
unit 15 transmit the spread data symbols to the receiver. In step 1004, the
transmission of the data symbols 15 is completed. In an environment where
the condition of the propagation path between the transmitter and the
receiver is not changed frequently, the controlling unit 19 can follow the
change of the propagation path by setting up the time-base spreading 20
factor SFtime and the sub-carrier spreading factor SFF=eq each time the
data symbols are transmitted. Therefore, the operation shown in FIG. 13 is
suitable to the above environment. Second, referring to FIG. 14, the
operation of the transmitter for mufti-carrier transmission will be
described. 25 As shown in FIG. 14) in step 1101, data symbols to be
transmitted to the receiver for mufti-carrier transmission are generated.
In step 1102, the controlling unit 19 determines the time-base spreading
factor SFtime and the sub-carrier spreading   23 factor SFFreq, based on
the condition of the propagation path between the transmitter and the
receiver, before transmitting the data symbols. In step 1103, the spreading
code multiplying units 131 5 to 13n spread the data symbols using the
time-base spreading 



factor SFtime and the sub-carrier spreading factor SFF=eq, and the
sub-carrier frequency multiplying units 141 to 14n and the summation unit
15 transmit the spread data symbols to the receiver. 10 In step 1104, the
controlling unit 19 changes the time-base spreading factor SFtime and the
sub-carrier spreading factor SFFreQ) following the change in the condition
of the propagation path between the transmitter and the receiver. Then, the
spreading code multiplying units 131 to 13n 15 spread the data symbols
using the updated time-base spreading factor SFtima and the updated
sub-carrier spreading factor SFF=e9, and the sub-carrier frequency
multiplying units 141 to 14n and the summation unit 15 transmit the spread
data symbols to the receiver. In step 1105, the transmission of the data
symbols 20 is completed. According to the method shown in FIG. 14, it is
possible to set up the proper SFtime and SFFreQ following the change in the
condition of the propagation path, in an environment where the condition of
the propagation path between the transmitter 25 and the receiver is changed
frequently, such as an environment where the receiver moves fast, so as to
transmit the data symbols with high quality. In the above embodiment) the
number of the sub-carriers and the symbol durations are written concretely,
but the present   24 invention is not limited to configurations using these
numbers of sub-carriers and symbol durations. The present invention can be
applied to the configuration using m pilot symbol durations in n
sub-carriers which is 5 determined based on the length of the pilot symbol
patterns to be allocated, in consideration of interference with other pilot
channels in a like manner to the above embodiment. Here, "m" and "n" are
positive integers, the same as) or more than 1. The transmitter for
multi-carrier transmission according 10 to the present invention can
determine "m" and "n" in such a manner that the "m" and "n" are squares or
higher powers of 2 , and the multiplied result of "n" by "m" has the length
of the 



pilot symbol pattern, when the OVSF codes are used. The transmitter for
multi-carrier transmission according 15 to the present invention does not
need to be configured with "m" and "n" which are squares or higher powers
of 2 , when other codes are used. (The functions and effects of the present
invention) 20 According to the present invention, it is possible to provide
a transmitter for multi-Carrier transmission and a multi-carrier
transmitting method which allow the allocation of pilot symbol patterns in
consideration of interference with other pilot channels to the radio
frames. 25 According to the present invention, it is possible to provide a
transmitter for multi-carrier transmission and a multi-carrier transmitting
method which allow the control of the spread method in consideration of the
condition of the propagation path between the transmitter for multi-carrier
25 transmission and the receiver for multi-carrier transmission. Additional
advantages and modifications will readily occur to those skilled in the
art. Therefore, the invention 5 in its broader aspects is not limited to
the specific details and the representative embodiment shown and described
herein. Accordingly, various modifications may be made without departing
from the spirit or scope of the general inventive concept as defined by the
appended claims and their equivalents . 10   26 What is claimed is: 1. A
transmitter for multi-carrier transmission configured to transmit a
plurality of sub-carriers having at least one pilot symbol duration
comprising: 5 a pilot symbol allocater configured to allocate a plurality
of pilot symbol patterns which are orthogonal to each other, to the at
least one pilot symbol durations in at least two sub-carriers. 2. A
transmitter for multi-carrier transmission 10 according to claim 1, wherein
the pilot symbol allocater changes the length of a pilot symbol pattern
based on the number of the pilot symbol patterns which are allocated. 3. A
transmitter for multi-carrier transmission according to claim 1, wherein
the pilot symbol pattern is 15 configured with an Orthogonal Variable
Spreading Factor (OVSF) code. 4. A transmitter for multi-carrier
transmission according to claim 1, wherein the pilot symbol allocater
allocates the pilot symbol 20 patterns to any given portion in the at least
one pilot symbol durations in at least two sub-carriers; and 



the pilot symbol patterns which are allocated to the same portion are
orthogonal to each other. 5. A transmitter for multi-carrier transmission
25 according to claim 1, wherein the pilot symbol allocater allocates the
pilot symbol patterns to the at least one pilot symbol durations in
predetermined numbers of consecutive sub-carriers. 6. A transmitter for
multi-carrier transmission   27 configured to transmit a plurality of
sub-carriers having a plurality of symbol durations comprising: spreaders
configured to spread and transmit symbols over the symbol durations in a
plurality of sub-carriers, using 5 sub-carrier spreading factor assigned in
the direction of the sub-carriers and time-base spreading factor assigned
in the direction of the time base; and a controller configured to change
the sub-carrier spreading factor or the time-base spreading factor, based
on 10 the condition of a propagation path between the transmitter and a
receiver for multi-carrier transmission. 7. A transmitter for multi-carrier
transmission according to claim 6, wherein the controller changes the
sub-carrier spreading factor or the time-base spreading factor 15 when a
radio channel is set up between the transmitter and the receiver. 8. A
transmitter for multi-carrier transmission according to claim 6, wherein
the controller changes the sub-carrierspreading factor orthe
time-basespreading factor, 20 following a change in the condition of the
propagation path. 9. A multi-carrier transmitting method for multi-carrier
transmission for transmitting a plurality of sub-carriers having at least
one pilot symbol duration comprising: 25 allocating a plurality of pilot
symbol patterns which are orthogonal to each other) to the at least one
pilot symbol durations in at least two sub-carriers. 10. A multi-carrier
transmitting method according to claim 9 ( wherein the length of a pilot
symbol pattern is changed   28 based on the number of the pilot symbol
patterns which are allocated. il. A mufti-carrier transmitting method
according to claim 9, wherein the pilot symbol pattern is configured with 5
an Orthogonal Variable Spreading Factor (OVSF) code. 



12. A mufti-carrier transmitting method according to claim 6 , wherein the
pilot symbol patterns are allocated to any given portion in the at least
one pilot symbol durations in at least two sub-carriers; and 10 the pilot
symbol patterns which are allocated to the same portion are orthogonal to
each other. 13. A mufti-carrier transmitting method according to claim 6 ,
wherein the pilot symbol patterns are allocated to the at least one pilot
symbol durations in predetermined numbers 15 of consecutive sub-carriers.
14. A mufti-carrier transmitting method for transmitting a plurality of
sub-carriers having a plurality of symbol durations comprising: spreading
and transmitting symbols over the symbol 20 durations in a plurality of
sub-carriers, using sub-carrier spreading factor assigned in the direction
of the sub-carriers and time-base spreading factor assigned in the
direction of the time base; and changing the sub-carrier spreading factor
or the 25 time-base spreading factor, based on the condition of a
propagation path between the transmitter and a receiver for mufti-carrier
transmission. 15. A mufti-carrier transmitting method according to claim
14, wherein the sub-carrier spreading factor or the   29 time-base
spreading factor is changed when a radio channel is set up between the
transmitter and the receiver. 16. A multi-carrier transmitting method
according to claim 14, wherein the sub-carrier spreading factor or the 5
time-base spreading factor is changed following a change in the condition
of the propagation path.
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