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Technical Field The present invention relates to a multi- carrier CDMA
transmission system signal format, and more particularly, to a signal
format of a signal transmitted via a multi-carrier CDMA transmission 10
system, the signal including data symbols and a pilot symbol for the
purpose of estimating a channel state for each of a plurality of users.
Backgrround Art 15 In a mobile communications environment, reception
signals can undergo amplitude variations and phase variations due to
Rayleigh fading attendant upon changes in the relative positions of the
base station and the mobile station. In phase 20 modulation systems,
typically, data is transmitted by the carrier wave phase of symbols before
and after operational coding, and, on the receiving end, information data
is recognized and read using differential detection. However, because 25
differential detection involves operational coding of the transmission data
as described above, a 1-bit error in the wireless interval amounts to a
2-bit error in the information data, so in binary phaseshift keying systems
(BPSK modulation); which 30 involve synchronous detection, the signal power
to noise power ratio (SNR) will be degraded for the same bit error rate
(by, for example, approximately 3 dB). Additionally, although absolute
synchronous 35 detection for measuring a reception signal phase at an
absolute phase of each individual symbol makes for highly efficient
reception, it is difficult to    -2 determine a reception signal absolute
phase in aRayleigh fading environment.Thus, for example, a method of
estimatingand correcting fading distortion using pilot symbols5of known
phase inserted at regular intervals betweendata symbols has been proposed
(Sampei, "16 QAMFading Distortion Correction for Terrestrial
MobileCommunications", Denshi Joho Tsushin Gakkaishi, Vol.J72-B-II No. 1,
pp. 7-15, January 1989). In this10method, one pilot symbol of known
transmission phaseis inserted every several data symbols in acommunications
channel and the channel estimatedmbol That f th il t h h i dsy . e p o 



ase o e rece ve p using tis, amplitude and phase of a reception signal
for15each transmission user at pilot symbols at thebeginning and end of
such data symbol interval aremeasured, and a variation in the channel for
thedata symbol interval is estimated by interpolationbetween the measured
values.20Additionally, in mobile communicationssystems according to the
IS-95 (CDMA transmissionsystem) currently in service, the downlink involve
susing a pilot channel common to a11 users, withencoded multiplex signal
transmission accomplished25by using a code orthogonal to a spreading code
foreach user. At the receiving end, the pilot channeland the data channel
are separated by despreading, achannel variation is estimated using the
pilotchannel, and the data symbols are demodulated using30the estimation
results.However, in a multi-carrier CDMAtransmission.system, a plurality of
sub-carriers areused to perform data symbol transmission, withdifferent
channel variations for each sub-carrier.35Additionally, the transmission
signal is spread inthe sub-carrier direction, so at the receiving endit. is
necessary to make an estimation for each sub-   -3 carrier at the chip
level prior to despreading. As a result, it is not possible to employ
directly the channel variation estimation method employed in transmission
systems that use direct spreading (DS 5 CDMA) such as IS-95 described above
in a multi- carrier CDMA transmission system. Additionally, in a
direct-sequence spreading system (DS-CDMA) such as IS-95, in which it is
assumed that transmission takes place with 10 each user (each mobile
station) using the same channel, it is possible to estimate the channel by
multiplexing the pilot channel common to a11 users. However, in cases, for
example, in which communications are conducted by using a user 15 specific
beam pattern for each user (that is, each mobile station) using an adaptive
array antenna, the common channel and the channel for individual users
differ, so channel estimates for the common pilot channel cannot be used
for the channels for 20 individual users. Disclosure of the Invention The
present invention has as its overall object to provide a new and useful
multi-carrier 25 CDMA transmission system signal format, in which the
above-described problems of the conventional art are solved. The present
invention has as its specific object to provide a signal format in a
multi-carrier 30 CDMA transmission system in which channel estimation can
be performed for each user. The above-described object of the present
invention is achieved by; in a multi-carrier CDMA transmission system that
reproduces data symbols, 35 aligns the reproduced data symbols along a
frequency axis, multiplies the reproduced data symbols by a spreading code
and performs multiplex transmission   -4 of data using a plurality of
sub-carriers ofdifferent frequencies, a signal format of atransmission
signal used when inserting a pilotsymbol for estimating a variation of
channel and5performing synchronous detection,the pilot symbol being a
common pilotsymbol for the purpose of-estimating a channelcommon to each
user,the signal format including a user-specific10pilot symbol that
performs communication in achannel different from the above-described
channel.In such a signal format, a variation ind t th b ti 



te e es ma e a channel common to each user canreceiving end based on a
change (frequency variation,15phase variation) in common pilot
symbol.Additionally, a state of a user-specif is channel canbe estimated at
the receiving end based on a changein the individual pilot symbol even when
the user-specific channel is formed using an adaptive array20antenna.The
channel common to individual users asdescribed above is a channel that can
be utilized incommon by a11 users, and may for example be formedusing the
data channel or the same antenna pattern25as for the data channel.In the
above-described multi-carrier CDMAtransmission system signal format, all or
some ofthe plurality of sub-carriers used in signaltransmission can be used
as sub-carriers when30spreading the pilot symbol along a frequency
axis.Additionally, at the receiving end, interms of being able to separate
the pilot symbolseasily, the pilot symbols can be made to beorthogonal on
the spread frequency axis, and further)35pilot symbol sequences can be made
to be orthogonalon the time axis.Further, the above-described multi-carrier
-5 CDMA transmission system signal format can be configured so that the
signal format allots some of the plurality of sub-carriers used in the
signal transmission to the pilot symbol discretely along 5 the frequency
axis and inserts a symbol sequence that multiplexes the common pilot symbol
and the individual pilot symbol using a spreading signal in a direction of
the time axis into the sub-carriers allotted to the pilot symbol. ' 10 At
the receiving end, in terms of being able to separate the pilot symbols
easily, the spreading code for the common pilot symbol and the spreading
code for the specific pilot symbol can be made to be orthogonal. 15 These
and other objects; features and advantages of the present invention will
become more apparent from the following detailed description with reference
to the accompanying drawings. 20 Brief description of the drawings FIG. 1
is a diagram showing an example of a transmitter configuration for
transmitting a signal having a signal format according to one embodiment of
the present invention. 25 FIG. 2 is a block diagram showing a specific
example of a configuration of a pilot symbol insertion circuit. FIG. 3 is a
diagram showing a first example of a signal format . 30 FIG. 4 is a diagram
showing a second example of a signal format. FIG. 5 is a diagram showing a
third example of a signal format. FIG. 6 is a diagram showing a fourth 35
example of a signal format. FIG. 7 is a diagram showing an example of a
spreading code configuration for a user-specific   _6_ pilot symbol. FIG. 8
is a diagram showing a fifth example of a signal format . 5Preferred
Embodiments for Workings the InventionA description will now be given
ofembodiments of the present invention; with referenceto the drawings.A
transmitter that transmits a signal of a10signal format according to one
embodiment of thepresent invention is configured, for example, asshown in
FIG. 1.id i 



d t Ts prov a base he transmitter e astation of a multi-carrier CDMA
transmission system.15In FIG. 1, the transmitter has signalgenerator
circuits 100(1). . . 100(n) correspondingto individual users (mobile
stations). Each signalgenerator circuit 100(1). . . 100(n) generates
asignal corresponding to each user, so the20transmitter has an data source
11 of the information(voice, data, etc.) that is to be allotted to
eachuser,, a channel coding unit 12 that encrypts thedata from the data
source 11 according to apredetermined algorithm, a
serial-parallel25conversion circuit 13 for transmitting a pluralityof
symbols simultaneously, a reproduction circuit 14that reproduces the data
(data symbols) from theserial-parallel conversion circuit 13 in a
quantityto equal to the number of sub-carriers used in30spreading, and a
modulator 15(i) that multiplieseach signal reproduced by the reproduction
circuit14 by a spreading code c.Additionally, each signal generator
circuit100(1). . . 100(n) has a pilot symbol insertion35circuit 20 for each
user. The pilot symbolinsertion circuit 20 inserts (or adds) a pilotsymbol
corresponding to each user to the data (data    symbols) from the channel
coding unit 12. The pilot symbol is used for estimating a state
(amplitudevariation, phase variation) of a channel between theusers (mobile
stations) and the base station.5It should be noted that the
above-describedpilot symbol insertion circuit 20 can be configuredso as to
insert (or add) a pilot symbolcorresponding to each user to an output from
theserial-parallel conversion circuit 13.10According to the
above-describedconfiguration, each signal generator circuit100(1). . .
100(n) outputs as a signal to each useri t l i l h dang t e a t p y a
spread signal obtained by musymbol by the spreading code and a pilot
symbol15corresponding to each user. Then, a signal of eachcomponent of each
frequency output from each signalgenerator circuit l00(1). . . 100(n) is
multiplexedby a multiplexes 50. The multiplexes 50 is composedof a
combination unit 51 that combines the signals20from the transmission signal
generator~circuits100(1). . . 100(n) and a time-frequency conversionunit 52
(IFFT) that performs time-frequency-conversion of the signals combined by
thecombination unit 51.25The pilot symbol insertion circuits 20 ofthe
signal generator circuits 100(1). . . 100(n)described above are, for
example, configured asshown in FIG) 2. That is, each has a switch SW1,SW2
and a pilot symbol generator 22 corresponding to30each user. The switches
SW1, SW2 are switched so asto select the pilot symbol generator 22 for a
userconducting transmission with a user-specific antennapattern from an
adaptive array antenna or the likethat differs from the data channel. As a
result, a35user-specific pilot symbol special to such user isinserted (or
added) from the pilot symbol generator22 to the signals (data symbols) from
that user's   _g_ 



transmission data generator (data source 11, channel coding unit
12).Additionally, separate from the pilotsymbol generator 22 corresponding
to each user as5described above, the transmitter has a common pilotsymbol
generator 21 (not shown in FIG. 1). Thecommon pilot symbol generator 21
generates a commonpilot symbol used for a user conducting transmissionwith
a pattern that is the same as the antenna10pattern used when transmitting a
data channel and achannel common to all users such as a data channel.For
users using the common pilot symbol, theh th t b th d ~ lselect a pat a
ypasses e switches SW1 an SW2 sepilot symbol generator 22, and the signal
from the15transmission data generator (data source 11, channelcoding unit
12) is supplied to the multiplexes 50without having a user-specific pilot
symbol inserted(or added).Thus, signals in which common and user-20specific
pilot symbols and data symbols aremultiplexed as described above are
processed by aguard interval insertion unit 53, a filter 54 and anamplifier
55, and the processed signals aretransmitted from an antenna unit 56. The
antenna25unit 56 has for example an adaptive array antenna,and so it is
possible to generate a beam pattern foreach individual user (mobile
station).A description will now be given of acomposition of a frame of a
transmission signal that30includes common and user-specific pilot symbols
anda data symbol at a transmitter having theconfiguration described
above.In a first example) as shown in FIG. 3, thecommon and user-specific
pilot symbols and the data35symbol are time multiplexed. It is possible
toinsert the pilot symbol group PS at only the head ofa frame immediately
preceding the user data symbol   -9 (se FIG. 3(a)), at the head and tail of
the framesimmediately preceding and succeeding the user datasymbol (FIG.
3(b)), or periodically within the frame(see FIG. 3(c)). If the pilot symbol
length is 2N,5then user-specific pilot symbols can be allottedamong 2N
users .In a second example, as shown in FIG. 4, asymbol sequence PS1 . . .
PSk in which common anduser-specific pilot symbols have been multiplexed
is10inserted before a spread signal sequence of a symbolsequence in which
individual user data symbols havebeen multiplexed. In this example, a
distinctivefeature is that k number of sub-carriers out of nnumber of
sub-Carriers is used to spread the pilot15symbol. It thus becomes possible
to transmit datasymbols for those sub-carriers in which no pilotsymbol is
inserted.In a third example, as shown in FIG. 5, aspread signal sequence DS
of a symbol sequence in20which a common pilot symbol sequence CPS, a
user-specific pilot symbol sequence UPS and individualuser data symbols
have been multiplexed ismultiplexed. That is, each pilot symbol has
beenspread along a frequency axis and a time axis. Here,25the length of a
single data symbol DS corresponds toa length of one chip of a UPS and each
pilot symbolCPS, so that at the receiving end the pilot symbolcan be
removed by multiplying by the pilot pattern.In a fourth example, as shown
in FIG. 6,30users using user-specific pilot symbols are dividedinto L
groups and pilot symbols insertedperiodically. That is, before a spread
signalsequence of a symbol sequence in which individualuser data symbols
have been multiplexed are inserted35at predetermined intervals in a
direction of thefrequency axis, in order, from a symbol sequence
PS1multiplexing.,a common pilot symbol and user group 1   -10 user-specific
pilot symbols to a symbol sequence PS2multiplexing user group 2
user-specific pilotsymbols (in which common pilot symbols may beincluded)
to a symbol sequence PSL user group L5multiplexing user group L
user-specific pilotsymbols (in which common pilot symbols may beincluded).
By such a configuration, is the numberof pilot symbols is 2N, then it is
possible to a lotuser-specific pilot symbols among 2" X L users.10The
configuration of the spreading code forthe common and user-specific pilot
signals may forexample be as shown in FIG. 7.il l b Iot sym n this example,
one common p o(common) and three user-specific pilot symbols (#1,15#2 and
#3 ,(are used). Additionally; it is assumedthat a11 pilot symbols assume
the value "1''.At a time t1, each pilot symbol (common, #1,#2 and #3) is
orthogonal to the coding sequencespread in a frequency direction. At a time
t220synchronized with the next symbol, the spreadingcode shifts by one
chip. This operation performspilot symbol cyclicization. In so doing, the
pilotsymbols are orthogonal to each other at eachrespective sub-carrier fl,
f2, f3 and f4, and by25multiplying by the codes of each respective timefrom
t1 to t4 it is possible to separate the commonpilot sequence (common) and
the user-specific pilotsequences (#l, #2, #3) allotted among
individualusers. As a result, by studying a state (amplitude30variation,
phase variation) of each pilot symbolobtained by separation, a state of
each individualchannel (data channel (common ), channel #1, channel#2,
channel #3) can be estimated.Further, a description will be given of
a35fifth example of a frame configuration of atransmission signal that
includes common and user-specific pilot symbols and data symbols.   



-11 In this example, as shown in FIG. 8, everyp carrier among n number of
sub-carriers is used asa pilot carrier just for the pilot symbols, with
theother carriers used for the spread signal sequence5of the symbol
sequence in which individual user datasymbols have been multiplexed. For
each pilotcarrier, a symbol sequence is transmitted in which acommon pilot
and a user-specific pilot symbol havebeen multiplexed.10It is preferable
that a pilot patternhaving the smallest possible correlation (forexample an
orthogonal code) be used as the pilotsequence.According to such a frame
configuration,15the period of the pilot pattern can be lengthenedand it is
easy to reduce the correlation betweenpilot patterns.Additionally, a state
of a channel of asub-carrier other than the pilot carrier can be20obtained
at the receiving end from the channel stateestimated from the pilot carrier
using a method suchas, for example, interpolation.As described above,
according to thepresent invention a state of a channel common to all25users
can be estimated at the receiving end on thebasis of a change (amplitude
variation, phasevariation) in the pilot symbols. At the same time,even when
having user-specific pilot symbols forusers and using an adaptive array
antenna to form a30user-specific channel, by making the
above-describeduser-specific pilot symbols correspond to a specificuser, a
channel state corresponding to such user canbe estimated at the receiving
end on the basis ofchanges in the user-specific pilot symbol.35Accordingly,
even in a multi-carrier CDMAtransmission system in which individual
usersutilize a common channel such as a data channel, or   -12 utilize
user-specific channels, channel estimates can still be performed for each
individual user.     -13 5 1. In a multi-carrier CDMA transmission system
that reproduces data symbols, aligns the reproduced data symbols along a
frequency axis, multiplies the reproduced data symbols by a 10 spreading
code and performs multiplex transmission of data using a plurality of
sub-carriers of different frequencies, a signal format of a transmission
signal used when inserting a pilot symbol for estimating a variation of
channel and 15 performing synchronous detection, the pilot symbol
including: a common pilot symbol for the purpose of estimating a channel
common to each user; and a user-specific pilot symbol that performs 20
communication in a channel different from the abovedescribed channel. 25 2.
The multi-carrier CDMA transmission system signal format as claimed in
claim 1, wherein all or some of the plurality of sub-carriers used in
signal transmission are used as sub-carriers when 30 spreading the pilot
symbol along a frequency axis. 35 3. The multi-carrier CDMA transmission
system signal format as claimed in claim 1 or claim 2, wherein the pilot
symbols are orthogonal on the   -14 spread frequency axis, and further,
pilot symbol sequences are orthogonal on a time axis. 5 4. The
multi-carrier CDMA transmission system signal format as claimed in claim 1,
wherein: the signal format allots some of the 10 plurality of sub-carriers
used in the signal transmission to the pilot symbols discretely along the
frequency axis and inserts a symbol sequence that multiplexes the common
pilot symbol and the individual pilot symbol using a spreading signal in 



15 a direction of the time axis into the sub-carriers allotted to the pilot
symbols. 20 5. The multi-carrier CDMA transmission system signal format as
claimed in claim 4, wherein the spreading code for the common pilot symbol
and the spreading code for the specific pilot symbol are 25 orthogonal.
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