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Background of the Invention: v

This invention relates to a transmission device
for use in a base station of a mobile communication
gsystem.

A transmission device of the type described 1s
for use in a base station of a mobile communication
system in carrying out transmission of a|transmission
gsignal in response to a plurality of transmission data
signals.

A conventional radio transmission device of the
type may have a structure enabling simultaneous
transmission of a plurality of radio frequencies and
parallel amplification in a plurality of power ahplifying
clirxcuits. With this structure, even in occurrence of a
failure in at least one of the power amplifying circults,
transmisslion power is not decreased. In thls manner, a
service zone 18 prevented from being narrowed. For
example, such a radio transmission device is digclosed in
Japanese Unexamined Patent Publication (JP-A) No.
37651/1994. |

As will later be.deseribed. the radio

transmission device is, however, defective in that the



In this nanner,

exanpl e,

@ﬁ&honal radi o transm ssion device of the type may have a

si gnal.s. B

st s}maHé i simul taneous transm ssion of a plurality of radio

fre ﬂgﬂm \“grallel anplification in a plurality of power anplifying
cir t#% s structure, even in occurrence of a failure in at |east

one of the power anplifying circuits, transm ssion power is not decreased.

device is large in its circuit scale and complicated in
structure and that power consumption of the device
inevitably large.

Summary of the Invention:

It 1is therxefore an object of this invention to |
provide a transmission device for use in a base station
of a mobile communication system, which is operable with
low power consumption and which has a small circuit
scale.

Other objects of this invention will become clear
as the description proceeds.

A transmission device to which this invention is
aﬁplicahle is for use in a base station of a mobile
communication system and has input terminals, N in
number, for receiving transmission data signals,
respectively, where N represents an integer greater than
one. The device carries out transmission of a
transmission signal in response to the transmission data
signals.

According to this lanvention, the device
comprises: a baseband processing circuit comprising
baseband signal producing sections, N in number,
connected to the input terminals, respectively, and a
baseband signal combining section; a carrier oscillation
circuit for producing a carrier signal; a modulation
circuit; an amplifier comprising a distributing circuit,
power amplifying circuits, M:in number, and a combluing

clrcuit, where M represents another integer greater Lhan

a service zone is prevgnted from being narrowed. For
such a radio transm ssion device is disclosed in



Japanese Unex ed Patent Publication (JP-A) No. 37651/1994. As will later
b erhid 8bect ﬁﬁ& radi o transm ssion device is, however, defective in that

the s large in its circuit scale and conpllcated in structure
and nsunptlon of the device

one: and a control section. Each of the baseband signal
producing sections produces, as a baseband signal, a
processed signal given by subjecting a predetermined
processing to the transmission data signal. The baseband
signal combining section is connected to the baseband
signal producing sections for combining the baseband
signals into a combined signal. The modulatien circuit
is connected to the carrier oscillation circuit and the
bageband signal combining sectidn for modulating the
carrier signal in response to the combined signal to
produce a modulation signal. The distributing circuit is
conhected to the modulation c¢ircuit and to the power
amplifying circuits for distributing the modulation
signal into distriﬂuted modulation signals to dellver the
distributed modulation signals to the power amplifying
circuits, respectively. Each of the power amplifying
circuits amplifies the distributed modulation signal to
produce an amplified signal. Each of the power
amplifying circuits produces an alarm signal when a
failure occurs in each of the power amplifying circuits.
The combining circuit 1s connected to the power
amplifying clrcuits for combining the amplified signals
to produce a combined signal as the transmission signal.
The control section i1s connected to the power amplifying
clrcuits and the baseband signal producing sections for
controllihg the baseband signal producing sections in
response to the alarm signal-from each of the power

amplifying clrcuits to increase a level of the combined
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gignal so as to compensate for a decrease in power of the
transmission singal due to the fallure occurred in each
of the power amplifying circuits.

A transmigsion device to which this invention is
applicable is for use in a base station of a mobile
communication system iﬁ carrying out transmission of a
transmission signal. ahe

According to this invention, the device
comprises: first through Q-th bagseband processing
circuits, each of which comprises baseband signal
producing sections, N in number, and a baseband signal
combining section, where Q represents an integer greater
than one and where N fepresenting another integer greater
than one;: first through Q-th carrier oscillation circuits
for producing first through Q-th carrier signals of
carrier froquencies different from each other,
respectlvely; firast through Q-th modulation circuits; a
modulation signal combining circuit; an amplifier
comprising a distributing circuit, power amplifying
eircuits, M in number, and a combining circuit, where M
represents still another integer greater than one; and a
control section. Each of the baseband signal producing
sections of each of the first through the Q-th baseband
processing cirxcuits produces, as a baseband signal, a
processed signal given by subjecting a predetermined
processing to a transmigssion data signal. The baseband
signal combining section of each of the first through the

Q-th baseband processing circuits combines the baseband



a k%ﬁ%ﬁ&%s&? f I edIS€ In a base station of a nobile comunication system
an mnals, N in nunber, for receiving transm ssion data

Si gHﬁuﬂigﬁEE Illvely, where N represents an integer greater than one. The
dev t transm ssion of a transm ssion signal in response to the
transm ssion data signals. According to this invention, the device

conpri ses: a baseband processing circu%t conpri si ng baseband si gnal
produci ng sections, N in nunber,

signals of the baseband signal producing sections of each
of £he first through the Q-th baseband processing
clrculte into a combined baseband signal. The first
through the 0-th modulation circuits modulates the first
through the Q-th carrier signals in response to the
combined buseband signals of the baseband sighal
combining sections of the first through the O~th baseband
processing clrcuits to produce first through Q-th
modulation signals, respectively. The modulation signal
combining circuit combines the first through the Q-th
modulation signale into a combined modulation signal.

The distributing circuit of the amplifier distributes the
combined modulation signal into distributed modulation
signals to deliver the distributed modulation signals to
the first through the M-th power amplifying circuits of
the amplifier, respectively. Each of the power
amplifying circuits amplifies the distributed modulation
signal to produce an amplified signal. Each of the power
amplifying circuits produces an alarm signal when a
failure occurs in each of the power amplifying circuits.
The combinlng circuit of the amplifier combines the
‘amplified signals of the f£irst through the M-th power
amplifying circuits to produce the transmission signal.
The control section controls the baseband signal
producing sections of éach of the first through the Q-th
baseband processing circuits.in regponse to the alarm
signal from each of the power amplifying circults to

increase a level of the combined baseband signal of each
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npechiedat OptdiRed NpUt terminals, respectively, and a baseband signa

( [ n, a carrier oscillation circuit for producing a carrier
si H‘“‘Lm ‘Btion circuit; an anplifier conprising a distributing
ci : nplifying circuits, Min nunber, and a conbining circuit,
where Mrepresents another integer greater than 3
6

of the first through the Q-th baseband procéssing
circults 80 as to compensate for a decrease in power of
the transmission singal due to the failure occurred in

each of the power amplifying circuits,.

Brief Description of the Drawing;

Fig. 1 is a block diagram of a conventional radio
transmission device;

Fig. 2 is a block diagram of a transmission
device according to a first embodiment of this invention;

Fig. 3 is a flow chart for describing operation
of a control section in the transmission device
LIllustrated in Fig. 2; and

Fig. 4 is a block dlagram of a transmission device

according to a second embodiment of this invention.

Description of the Preferred Embodiments:

Referring to Fig. 1, description will be made as
regards a conventional radio transmission device for a
better understanding of this invention. The radio
transmission device is equivalent to the conventional
radio transmission device which is described in the
preamble of the instant sgpecification and which 1is
disclosed in the above~referred Japanese Unexamined
Patent Publication (JP-A) No. 37651/1994.

The radio transmission device includes a
plurality of modulators 101-1 through 101-3 each of which
is supplied with an input singal; a combiner 102 for
combining modulator outputsg, ‘a common amplifier 103

having a transmission antenna 104, and a control cirouit



one gﬁhéB&@Rﬂmﬁﬁisectlon Each of the baseband signal producing sections
seband signal, a processed signal given by subjecting a
pre ce55|ng to the transmission data signal. The baseband
sig |ng section is connected to the baseband signal producing
sections for conbining the baseband signals into a conbined signal. The
nodul ation circuit is connected to the carrier oscillation circuit and the
baseband signal conbining section for dulating the carrier signal in
response to the conbined signal to

105 for controlling modulation of the modulators 101-1
and 101-3 and a galn of the common amplifier 103.

The common amplifier 103 includes a first
switching clrcuit 111, a first attenuator 112, a.second
attenuator 113, a second switching circuit 114, a
distributing circuit 115, power amplifying circuits 116-1
through 116-4, and a combining circuit 117. -.The control
circuits 105 produces control signals for use in
controlling on/off of the modulator outputs of the
modulators 101-1 through 101-3 and control signals for
use in controlling switching'of the first switching
circuit 11) and the second switching circuit 114 in the
common amplifier 103. In case of emergency such ag the
occurrehce of a faillure in each of the power amplifying
clixcuits 116-1 through 116-4, the control circuit 105 1is
supplied as a feedback input with an alarm signal from
each of the power amplifying circuits 116-1 through 116-4
in the common amplifief 103.

In the radio transmission device described above,
the modulation signals are supplied to the modulators
101-1 through 101-3, respectively. In the modulators
101-1 through 101-3, carrier fregquencies fl1 through f£3
are modulated by the input signals to produce modulation
outputs, respectively. The modulation outputs are sent
to the combiner 102. The combiner 102 produces a
combined signal which 1s delivered to the common
amplifier 103. The common amplifier 103 produces an

amplifier output which is sent to the antenna 104. -



PrRdsHea Has B@nRdphtddon signal . The distributing circuit is connected to the

no t and to the power anplifying circuits for distributing
th ﬁ ¥ gnal into distributed nodul ation signals to deliver the
di ulation signals to the power anplifying circuits,

respectively. Each of the power anplifying circuits anplifies the
di stributed nodul ation signal to producg an anplified signal. Each of the
power anplifying circuits produces an alarm signal when a failure occurs in
each of the power anplifying circuits.

specifically, the output of the combiner 102 is

delivered to the first switching circuit 111. The first
switching circuit 111 selectively delivers the output to
a selected one of the first attenvator 112 and the second
attenuator 113, Eithei one of the output of the f£irst
attenuator 112 and the output of the second attenuator
113 is supplied to the second switching circujt 114. The
second switching circuit 114 supplies a selected one of
the outputs to the distributing circuit 115. The
distributing circuit 115 distributes the output into four
to be delivered to the power amplifying circuits 116—1
through 116-4, respectively. In a normal transmitting
operation, the combined signhal from the combiner 102 is
selected by the first switching circuit 111 and delivered
to the first attenuator 112. In this event, the first
attenuator 112 attenuates the combined signal, for
example, by Y1 dB. The power amplifying circuites 116-1
tﬁrough 116-4 produces amplified outputs to be supplied
to the combining clrcuit 117. The combining cirecuit 117
produces a combined transmission output to be delivered
to the transmission antenna 104. As described above,
each of the power amplifying circuits 116-1 through 116-4
produces the alarm signal when the failure occurs in each
of the power amplifying circuits 116-1 through 116-4.

The alarm signal serves to annouhce occurrence of the
failure in any one of the power amplifying circuits 116-1

through 116-4.



Th .gﬁgﬁ&ghagpeﬂms@it is connected to the power anplifying circuits for

C oIy Nied signals to produce a conbined signal as the

tra “‘W§ %@ | . The control section is connected to the power

anpl Cul'ts “and the baseband signal producing sections for
controlling the baseband signal producing sections in response to the alarm

signal fromeach of the power anplifying circuits to increase a | evel of
t he conbi ned 9

In the above-described radio transmission device,
the common amplifier 103 produces an output of P (watts)
per single frequency and delivers a transmission power of
K x P (watts) when K radlo frequencles are used. Each of
the power amplifying circuits 116-1 through 116-4
produces the alarm signal when its gain becomes equal to
or lower than a predetermined level. In case-where the
fajllure occurs in any one of the power amplifyihg
circuits 116-1 through 116-4 and its amplified output is
turned off, the combining circuit 117 produces a loss X
dB which decreases the combined transmission power. At
this time, the control circult 105 controls the first
switching circuit 111 and the second switching circuit
114 to make the combined signals from the caombiner 102
pass through the second attenuator 113. The second
attenuator 113 has an attenuation level Y2 dB smaller
than the attenuation level Y1 dB of the first attenuator
112. As a result, the distributor 115 is supplied with
an input level which 1s increased by (¥2 - Y1) dB. Under
the conditlion selected so that the relationship
represented by X = YI - ¥2 is held, the combined
transmission output from the combining circuit 117 is
kept unchanged so that the transmission power of a
prescribed level is delivered from the transmission
antenna 104.

In the above-ment.ioned condition, however, the
distributed input signal level supplield to each of the

power amplifying circuits 116-1 through 116-4 is -



Si ghibhedt®adBech ReprRfgPensat e for a decrease in power of the transm ssion

sin ailure occurred in each of the power anplifying .

ci ramggmmﬂﬂﬂgﬂb ssion device to which this invention is applicable is
for station of a nobile comunication systemin carrying out
transm ssion of a transm ssion signal. According to this invention, the

devi ce conprises: first through Qth b?geband processi ng

increased. This may result in an increase of the
intermodulation distortion in the power amplifying
circuits 116-1 through 116-4. Therefore, the contxol
circﬁit 105 controls any of the modulators 101-1 through
101-3 to stop the modulation output in order to decrease
the number of the input frequencies supplied to the
common amplifier 103. For example, the contxel circuit
105 carries out control so that the relationship given by
X = 10 x log(K/R) ls held, where R represents the numbex
of radlo frequencies to be used after occurrence of the
fallure in any of the power amplifying circuits 116~1
through 116-4.

There are various known techniques related to
such a communication system comprising amplifying
sections in a parallel operation arrangement and having
an alarm producing function. For example, Japanese
Unexamined Patent Publication (JP-A) No. 169442/1981
discloses a parallel operation circuit of a heterodyne
repeater. Japanese Patent Publication (JP-B) No.
4870271991 discloses an automatic gain control device for
a television relay broadcasting device with parallel
operation power amplifiers. Japanese Ungxamined Patent
Publication (JP-A) No. 30442971993 discloses parallel
operation amplifiers and a failure detecting circuit
therefor.

In order to keep the antenna output constant upon
occurrence of the failure in-the power amplifying

clrcuit, the above-described radio transmission device



Ctﬁ§§k&$ﬁ§mﬁthBﬁﬁmhlch conprises baseband signal producing sections, Nin
eband signal conbi ning section, where Q represents an

|n§$mmgw han one and where N representing another integer greater

rst through Qth carrier oscillation circuits for producing
first through Qth carrier signals of carrier frequencies different from
each other, respectively; first through Qth nodulation circuits; a
modul ation signal combining circuit; 1&n anplifier conprising a distributing
circuit, power anplifying

has a structure such that the attenuation level of the

carrier modulation signals 1s variable by the use of a

plurality of the switching eircuits and the attenuation

circuits to which the combined signal of the caréier

modulation signals is supplied. Furthermore, in order to

enable the attenuation level to be variable when the

carrier modulation signal has a frequency on.the ordexr of

several hundreds MHz or more, switching units or

attenuators of a coaxial type must be used as the

switching circuit and the attenuation circuit,

respectively. This results in a disadvantage that the

device is large in its entire scale and complicated in

stxucture. ;

Moreover, even when all of the power amplifying

circuits are normally operated, it is necessarxy to keep a

high output power of each modulator in preparation for

the failure in the-powe: amplifying circuits.

Specifically, even In the normal state, the modulator

output should be increased by (¥l dB + attenuation

through the first switching ecircuit + attenuation through

the second switching circult) d4B. This brings about a

corresponding increase in power consumption of the

modulator. As a result, the power consumption of the

device inhevitably becomes large.

This invention provides a transmission device for
use in a base station of a mobile communication system,
which is operable with a low..power consumption an@ which

-

has a small circult scale. o



CIrCUItS and a conbining circuit, where Mrepresents stil
andhik “ %ater t han one; and a control section. Each of the
bas oduci ng sections of each of the first through the Qth
bas g circuits produces, as a baseband signal, a processed
si gnal glven by subj ecting a predeterm ned processing to a transnission
data signal. The baseband signal conbining section of each of the first
t hrough the Qth baseband processing X2rcuits conbi nes the baseband

Turning to Flg. 2, description will proceed to a
transmission device accordihg to a first embodiment of
this invention. The transmission device is for use in a
base station BS of a mobile communication system
including mobile stations (not shown) which communicate
with the base station BS. The transmission device has
first through N-th input terminals 106-1 to 106-N for
receiving transmiseion data signals, respectively, where
N represents an integer greater than one. The
transmission device carries out transmission of a
transmission signal through a transmission antenna 10 to
the mobile stations in response to the transﬁission data
slgnals. ;'

The transmission device includes a baseband
processing circuit 1 which has first through N-th
baseband signal producing sections 2-1 to 2-N connected
to the input terminals 106~1 to 106-N, respectively, and
& baseband signal combining section 3. The transmission
device further includes a carriex oscillation cilrcuit 5
for producing a carrier slgnal having a radioc channel
frequency of, for example, BOOMHz, a modulation circuit4,
"an amplifier 6, and a control section 11. The amplifier
6 includes a distributing circuit?7, first through M-th
power amplifying circuits 8-1 to 8-M, and a combining
circuit 8, where M represents another integer greater
than one.

Each of the baseband:signal producling sections 2

-

(suffixes omitted) produces, as a baseband signai, a’



S|gnals of the baseband si gnal producing sections of each of the first

e N

band processing circuits into a conbi ned baseband
rough the Qth nodulation circuits nodul ates the first
rier signals in response to the conbi ned baseband

signals of the baseband signal conbining sections of the first through the
Q th baseband processing circuits to produce first through Qth
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processed signal given by subjecting a predetermined

processing to the transmission data signal. The

predetermined processing is typically a coding

processing. On carrying out the coding processing, each

of the baseband signal producing sections 2 produces, as

the baseband signal, a coded signal given by coding the

transmission data signal. The coding processing further

includes addition of error correction codes, interleave,

addition of patterns required upon communication, and

signal processing adapted to a modulation system of the

modulation circuit 4. Alternatively, the predetermined

processing is a spread spectrum processing. In this

case, each of the baseband signal producing sections 2

produces, as the baseband signal, the processed signal

given by subjecting, as the predetermined processing, the

spread

signal.

spectrum processing to the transmission data

That is, the baseband signal producing sections

2 carry out the spread spectrum processing on the

transmission data signals on the basis of the spreading

codes,

respectively, which are different from one

another,

Connected to the baseband signal producing

gections 2, the baseband signal combining section 3

combines the baseband signals into a combined baseband

signal.

The modulation circuit 4 is connected to the

carrier osclllation circuit 3 and the baseband signal

-

combining section 3 and modulates the carrier signal-in



tigQn si S, respectively. The nodul ati on signal conbining circuit
et eIggaiaedthroggh the Qth nodulation signals into a conbi ned
lkut The distributing circuit of the anplifier distributes
1O (8 )| ation signal into distributed nodulation signals to
del iWer the distributed modul ation signals to the first through the Mth
power anplifying circuits of the a i fier, respectively. Each of the power

anplifying circuits anplifies the distributed nodul ation signal to produce
an anplified signal. Each of the power

response to the combined bagseband signal to produce a

modulation signal.

The distributing circuit 7 is connected to the
modulation circuit 4 and to the power amplifying circuits
8 (suffixes omitted) and distributes the modulation
signal into distributed modulation sign&ls to deliver the
distributed modulation signals to the power amplifying

- elrcuits 8, respectively.

Each of the power amplifying circuits 8 amplifies
the distributed modulation signal to produce an amplified
signal. EFEach of the power amplifying c¢ircuits 8 further
produces an alarm signal when a fajlure occutrs in each of
the power amplifying circuits‘a. Each of the power
amplifying cixcuits 8 detects the failure to produce the
alarm signal when a gain of each of the power amplifying
circuits 8 is equal to or lower than a predetermined
value as a result of comparison of a power of the
distributed modulation signal supplied thereto with
another power of the amplified signal supplied therefrom.
For example, the predetermined value of the gain at which
the alarm signal 1s produced due to decrease of a
measured gain is selected. to be equal to or lower than
50% of the gain in a normal state of each of the power
amplifying circuits 8.

Connected to the power amplifying circuits 8, the
combining circuit 9 combines the amplified signals to

produces the transmission signal.

LA



anpllfylng CIrCUIt produces an al arm signal when a failure occurs in each
ofThtsISbee “mi ying circuits. The conmbining circuit of the anplifier

fied signals of the first through the Mth power
s to produce the transm ssion signal. The control section

contro S the baseband signal producing sections of each of the first
through the Qth baseband processing circuits in response to the alarm
signal from each of the power anplifﬁﬁng circuits to increase a | evel of
t he conbi ned baseband signal of each

The control section 1l 1s connected to the power
amplifying circuits 8 and the baseband gignal producing
sections 2. The control section 11 controls the baseband
signal producing sections 2 in response to the alarm
signal from each of the power amplifying circuits 8 to
increase a level (or an amplitude) of the combined
baseband signal so as to compensate for a decrease in
power of the transmission singal due to the failure
occurred in each of the power amplifying circuits 8. Por
this purpose, the control section 11 delivers to each_of
the basebﬁnd signal producing sections 2 a contral signal
for controlling an amplitude of the baseband signal.

The control section 11 includes a decreased power
calculating unit 11la and a controlling unit 1lb. The
decreased power calculating unit lla 1s connected to the
power amplifying circuits 8 and calculates as a decreased
powexr, in response to the alarm signal from each of the
power amplifying circuits 8, the decrease in power of the
transmission singal due to the fallure occurréd in each
of the power amplifying circuits 8. The controlling unit
11b 1s connected to the decreased power calculating unit
lla and the baseband signal producing sections 2 and |
controls the baseband signal producing sections 2 to
increase the level of the combined baseband signal so as
to compensate for the decreased power.

The decreased power caleculating unit 1lla includes
a detecting part whiéh carries out steps S1 and S2 (later

described) in Fig. 3. The detecting part (51 and §2)- is



ehﬁsgernsﬁepfa&rough the Qth baseband processing circuits so as to
ecrease in power of the transm ssion singal due to the
ﬂ ‘ ‘ Lin each of the power anplifying circuits. Brief
e Drawing: Fig. 1 is a block diagramof a conventi onal
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connected to the power amplifying circuits 8 and detects,
in response to the alarm signal from each of the power
amplifying circuits 8, the number m of erroneous power
amplifying circuits in which the failure occurs among the
power amplifying circuits 8.

The decreased power calculating unit lla further
includes a calculating part which carries out-a step 83
(later described} in Fig. 3. The calculating part (S53)
is connected to the detecting part (S1 and S2) and
calculates the decreased power in response to the number
m of the erroneous power amplifying clrcuits,

The controlling unit 11b includes a calculating
part which carries out a step 54 (later described) in
Fig. 3. The calculating part (§4) 1s connected to the
decreased power calculating unit 1lla and calculates, in
response to the decreased power by the use of a
relationship represented by 10 x log{(n x p) = 10 x log(N
% p) - L, the number n of baseband signal producing
sections which should be turned off among the N baseband
signal producing sections 2, where the deceased power is
represented by L (d@B) and where each of the power
amplifying clrcuits produces the amplified signal p(w)
when each of the power amplifying circuits 8 is normally
operated without occurrence of the failure.

The controlling unit 11b further includes a
turning-off part which carries out a step 85 (later
described) in Filig. 3. The turning-off part (S85) is

connected to the calculating part (S4) and turns off n



tramhnmﬁaqgg&g | ce; F|g 2 is a block diagramof a transm ssion device
acco enbodi nent of this invention; Fig. 3is a flow chart
for Hmmrﬂﬁ ’ﬁ ation of a control section in the transni ssion device
i1lus 2; and Fig. 4 is a block diagramof a transm ssion
devi ce according to a second enbodi ment of this invention. Description of
the Preferred Enbodi nents: Referring o Fig. 1, description will be nade as
baseband signal producing sections among the N baseband
signal producing sections 2.
The controlling unit 1llb still further includes
an increasing part which carries out a step S6 (later
described) in Fig. 3. The increasing part (86) is
connected to the turning-off part (85) and increases each
of output levels of (N - n) remaining baseband signal
producing sectlions so that the level of the combined
baseband signal 1s increased by L (dB).
Thus, the control section 11 restricts the number
of available ones of the baseband signal producing
sections 2 in order to suppress an increase of the
modulation signal of thé modulation circuit 4 within a
range such that intermodulation distortion of the powéf
amplifying clrcuits normally operated without occurrence
of the failure is not deterlorated.
Bach of the baseband signal producing'sections 2
has functions of varying the amplitude of the baseband
signal and turning off the production of the baseband
signal in response to the control signal supplied from
the control section 11. This function of varying the
‘amplitude of the baseband signal for each transmission
data signal makes it possible to vary the input power of
each transmission data signal supplied to the amplifier
6.
As the gain of the amplifier 6 in the normal
state is constant, the output power of each transmission

data signal delivered from the transmission anteﬂna:io



ga&@&m&hsaﬁm§ﬂ®W6hal radi o transm ssion device for a better understanding
of t The radio transm ssion device is equivalent to the
conv !ﬂ“ transnission device which is described in the preanble
nstant speC|f|cat|on and which is disclosed in the above-referred
Japanese Unexam ned Patent Publication (JP-A) No. 37651/1994. The radio

transm ssion device includes a plurality of nodulators 101-1 through 101-3
each of which is supplied with an in&&t singal, a conbiner 102 for

can be varied. Por example, when the output of the
baseband signal producing section 2-1 is increased to
twice in terms of the power level, the input supplied to
the amplifier 6 increases by 3dB. As a result, the
output power modulated by the output of the baseband
signal producing section 2-1 will be increased by 3dB at
the output. of the tranamigsion antemna 10. ---

The bhaseband sigﬁal producing sections 2 are
implemented by digital signal processing, such as DSP
{digital signhal processor) or ASIC. On the other hand,
the baseband signal combining section 3 is implemented by
digital sjignal processing such as DSP or ASIC. When the
modulation clrcuit 4 édopts orthogonal modulation as the
modulation system, the baseband signal combining section
3 delivers the combined baseband signal having an I
component and a Q component. to the modulation circuit 4.

The amplifier 6 outputs P(W) per one transmission
data signal, and outputs P x N (W) when the transmission
data signals, N in number, are used. The amplifier 6 is
excellent in linearity to suppress the distortlion in
ocutput down to a predetermined level or less, and has low
power consumption. Specifically, the amplifier has a
structure such that the M power amplifying circuits 8,
operated in parallel, and has a function such that the
phase characteristic of the modulation signal passing
through each circuit is made to coincide with a specific
value within a predetermined-range. With the above-

mentioned function of the power amplifying circuits B,



coghi, BiAdrtBaNkai@ed out puts, a conmon anplifier 103 having a transnission
ant () |Immdi| control circuit 7 105 for controlling nodul ation of
thﬁiﬁ%li m‘;E Kl- 1 and 101-3 and a gain of the common anplifier 103. The
co i 03 includes a first switching circuit 111, a first
attenuator 112, a second
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the distributing circuit 7, and the combining circuit 9,
it 1s possible to pfoduce the transmission signal having
a reduced loss so that low power consumption is achieved.
The distributing circuit 7 or the combining circuit 9 can
be implemented, for example, by a Wilkinson distributing
circult or a Wilkinson combining circuit.

In the transmission device for use imr-a mobile
communication gystem, it is assumed that, when the power
amplifying circuits 8 are normally operated, each of the
basebaﬁd signal producing sections 2 has output power p
(W), the amplifier 6 has a gain G (dB), and the
modulation circuit 4.has'a gain g (dB) in order to keep
the transmission power of P (W) per one transmission data
signal. Herein, the relationship given by G = 10 x
log(P/p) - g is held.

Turning to Fig. 3, &escription will proceed to
operation of the control section 11 of Fig. 2. At first,
the control section 11 judges whether or not the power
amplifylng clircults 8-1 to 8-M are normal (step S1). If
the result shown they are normal, the operation returns
to the upstream of the judging step (step S1) to
continuously monitor thé power amplifying circuits 8-1 to
B-M.

On the other hand, unless they are normal, 1t is
indicated that an error occurs in any of the powex
amplifying circuits 8~1 to 8M. Then, detection 1is made
of the number m of erroneous-ones of the power amp;ifying

circuits 8-1 to B-M (step $2). Thereafter, calcuiatign



att uat oy 1 ond swtching circuit 114, a distributing CIrCUIt 115,
w geehRQ‘”ﬁ"?‘gwts 116-1 through 116-4, and a conbining circuit 117.
The c %ﬂ “{E s 105 produces control signals for use in controlling
on/of ator outputs of the nmodulators 101-1 through 101-3 and
control signals for use in controlling switching of the first switching
circuit 111 and the second switching Sircuit 114 in the comon anplifier
103. In case of energency such as th&%ccurrence of a failure in each of
t he power anmplifying

is made of a gain attenuation level L dB in the amplifier

6, which level is uniquely determined by the number m of
the erroneous power amplifying circuits (step ss)

Subsequently, the control section 11 calculates,
as the number uniquely determined by the gain attenuation
level L dB of the amplifier 6, the number n of those
baseband signal producing sections whose outputs should
be turnhed off (step S4). Then, the outputs of the n
baseband signal producing sections are turned off (step
85).

The number n of those baseband signal producing
sections whose outputs should be turned off can be
calculated by the use of the relationship represented by
10 x log{n x p) = 10 % log(N x p) - L. In the control
operation of turning off the outputs of the n baseband
signal producing sectlions (step §5), particular ones of
the baseband signal producing sections which are not
supplied with any transmission data signal are
preferentially turned off. It is supposed that the
number of the baseband signal producing sections without
any transmission data signal supplied thereto is less
than n. In this event, the control operation is carried
out in such a manner that the outputs are successively
turned off from those baseband signal producing sections
to which the input of the transmission data signals has
been finished. The above-mentioned control operation
serves to prevent the transmission data signal in use

-

from being forcedly interrupted. ; -



citcupts 116-1_;EF6ﬂgh 116-4, the control circuit 105 is supplied as a
fee aﬂ HVERWIQCN an alarmsignal fromeach of the power anplifying

cir gﬁ' E ljiough 116-4 in the common anplifier 103. In the radio
tra

e described above, the nodul ation signals are supplied to
the nodul ators 101-1 t hrough 101-3, respectively. |In the nodulators 101-1
t hrough 101-3, carrier frequencies f1 through f3 are nodul ated by the i nput
signals to produce nodul ati on output$,” respectively. The nodul ati on outputs
are sent

After the step of turning off the outputs of the
n baseband slignal producing sections (step 85}, the
outputs of the remaining baseband signal producing
sections (N - n), in number, except the baseband signal
producing sections having been turned off in the
preceding step are increased by L dB (step S6). By this
operation, the transmisaion poﬁer of the output: signals
produced form the (N - n) baseband signal producing
sections is kept unchanged at P(W) which is the output
power delivered from the transmission antenna 10 before
the failure occurs in thé m power amplifier circuits.

As described above, in the transmission device
for use in a mobile communication gystem illustrated in
Fig. 1, it is possible to compensate, by increasing the
outputs of the baseband signal producing sections by L
dB, the decrease L dB of the transmission power caused by
the attenuation in gain of the amplifier 6 when the m
power amplifier circuits are failed. _

When four power amplifying circuits 8-1 to 8-4
are norxmal in the above-~described transmission device for
use in a mobile communicat.ion system each of the sixteen
baseband signal producing sections 2-1 to 2-16 has output
power of 0.1(W), the amplifier 6 has a gain of 10 (4B),
and the modulation clrcuit 4 has a gain of 0 {dB) so as
to keep the transmission power 1 (W) per one transmission
data signhal. 1In this event, the control section 11
judges whether.or not the power amplifying circuits 8-1

to 8-4 are normal and, in case of occurrence of an e¥ror



onmbi ner 102. The conbi ner 102 produces a conbi ned signal which is

a3 Brep Replacdnmon anpl i fier 103. The conmon anplifier 103 produces an
i ol L ich is sent to the antenna 104. 8 Specifically, the

fbi ner 102 is delivered to the first switching circuit 111
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in any one of the power amplifying circuits 8-1 to 8-4,
detects the number of the erroneous oneé of the power
amplifying circuits 8-1 to 8-4.

It is supposed here that the power amplifying
clrcuit 8~1 is failed. Then, calculation is made of the
gain attenuat.ion level L 4B of the amplifier 6 caused by
the failure in the single power amplifier circuit 8-1
(herein, L dBR = 3 dB). fhe control section 11
calculated, as the number uniquely determined by the gain
attenuation level L dB of the amplifier 6, the number n
of those baseband signal producing sections whose outputs
'should be turhed off. Then the outputs of then baseband

'signal producing sections are turned off. Thus, the gain
attenuation level of 3 dB is caused in the amplifier 6
due to the failuxe in the single power amplifying circuit
8-1. On the other hand, the number of baseband signal
producing sections 2-1 through 2-16 is equal to sixteen.
In this event, the number n of those baseband signal
produclng sections whose outputs should be turned off 1s
equal to eight.

In the control operation of turning off ﬁhe
outputs of Lhe eight baseband signal producing sections,
particulax ones of the b#seband signal preducing sections
which are not supplied with any transmission data signal
are preferentially turned off. It is supplied that the
numbex of the baseband signal producing sections Qithout
any transmission data signal :supplied thereto is less

than eight. In this event, the control operation'is:
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P1®¢11 sel ectively delivers the output to a sel ected one of
tor 112 and the second attenuator 113. Either one of the
st .attenuator 112 and the output of the second attenuator

|s supplled to the second switching circuit 114. The second sw tching
CIrCUIt 114 supplies a selected one of the outputs to the distributing
circuit 115. The distributing circuit _115 distributes the output
to be delivered to the power anpllfylﬂg circuits 116-1 through 11
respectively. 1In a normal transmtting

carried out In such a manner that the outputs are
successively turned off from those baseband signal
producing sections to which the ipnput of the transmission
data signals has been finished. The above-mentioned
operation is continued until the number of the baseband
signal producing section whose outputs of the baseband
signals have been turned off is counted up to-eight.
After the outputs of the eight baseband signal
producing sections are turned off, the control section 11
increases, by L dB, the outputs of the (N - n) baseband
signal producing sections except the baseband signals

producing sections which have been turned off. Herein,

'eight_(lﬁ - 8) baseband signals producing sections are

operable. The outputs of these eight baseband signal
producing sections are increased by 3 dB corresponding to
0.2 (w).

By this operation, the transmission power of the
output signals produced from the eight baseband signal
producing sections is kept unchanged at 1 (W) which is
the output power delivered from the transmission antenna
10 before the fallure occurs in the single power
amplifier clrcuit 8A. This means that the increase of
the outputs of the baseband signal producing sections by
3 4B can compensate the decrease 3 dB of the transmission
power caused by the gain attenuation in the amplifier 6
when the single power amplifier circuit 83 1s falled.

Turning to Fig..4, description will proceed to a

transmission device according to a second embodiment of

into four
6- 4,



OREL: ShdeQihs BédRepflebi ned signal fromthe conbiner 102 is selected by the

fir ' ircuit 111 and delivered to the first attenuator 112. In
thlmqmgm‘/ﬂagﬂl rst attenuator 112 attenuates the combi ned signal, for
exa : . The power amplifying circuits 116-1 through 116-4
produces anplified outputs to be supplied to the conbining circuit 117. The
conbining circuit 117 produces a comfj,ned transm ssion output to be
delivered to the transm ssion antennd 104. As descri bed above, each of the

power anplifying circuits 116-1 through 116-4
this invention. “The transmission device 1s also for use

in a base station BS of the mobile communication system
in carrying out transmission of a transmission signal
through a transmission antenna 10 to mobile stations (not
shown) like the transmission device illustrated in

Fig. 2.

The transmission device includes firast- through
0-th baseband processing circuits 1-1 to 1-Q, where Q
represents an integer greater than one. Each of the
first through the Q-th baseband processing circuits 1-1
to 1-Q is similar in structure to the baseband processing
circuit 1 of the transmission device lllustrated in Fig.
2. That is, each of the first through the Q-th baseband
processing circuits 1-1 to 1-0 includes baseband signal
producling sections 2-1 to 2-N (Fig. 2) and a baseband
signal combining section3 (Fig. 2), where N representing
another integer greater than one.

The transmission device further includes first
through Q-th carrier oscillation circults 5-1 to S—Ql
which produces first through Q-th carrier signals of
carrier frequencies £f1 to fQ different from each other,
respectively. The transmission device still further
includes f£irst through Q-th modulation circuits 4-1 to
4-Q, a modulation signal combining circuit 13, an
amplifier 6, and a control section 11°'.

The amplifier 6 is similar in structure to the
amplifier 6 of the transmisston device illustrated in

Fig. 2. That is, the amplifier 6 includes a distributing



-g;gﬁﬂﬁﬁaﬁ ge angﬁ{éTgnal when the failure occurs in each of the power

WReplaed 116- 1 t hrough 116-4. The al arm si gnal serves to
anno e of the failure in any one of the power anplifying
circ ough 116-4. 9 In the above-described radio '

|

transm ssi on devi ce,
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circuit 7 (Fig. 2), first through M-th power amplifying
circuits 8-1 to 8~M (Fig. 2), and a combining circuit 9,
where M represents still another integer greater than
one,

Each of the baseband signal producing sections
2-1 to 2-N of each of the first through the Q-th baseband
processing circuits 1-1 to 1-Q produces, as a-baseband
signal, a processed signal given by subjecting a
predetermined processing to a transmission data signal
which is described above in Fig. 2. The predetermined
processing is typically a coding processing for coding
the transmission data signal to produce a coded signal as
the baseband signal in the manner which 1s described
above.

The baseband signal combining section 3 of each
of the first through the Q-th bagseband processing
clrcuits 1-1 to 1-Q combines the baseband signals of the
baseband signal producing sections 2-1 to 2-N of each of
the first through the Q-th baseband processing circuits 1-
1 to 1-Q into a combined béseband signal.

The f£irst through the Q-th modula;ion clrcuits
4-1 to 4-Q modulates the first through the Q-th carrier
signals in response to the combined baseband signals of
the baseband signal combining sections 3 of the first
through the Q-th baseband processing circuits 1-1 to 1-Q
to produce first through Q-th modulation signals,

respectively.



t hern; @RIt BbRIRLAES 103 producés an output of P (watts) per single

freq vers a transm ssion power of Kx P (watts) when K radio
frquﬂﬂmuﬁlﬂr Hed. Each of the power anplifying circuits 116-1 through
116- al arm signal when its gain beconmes equal to or | ower
than a predetermined level. In case where the failure occurs in any one of
the power anplifying circuits 116-1 through 116-4 and its anplified output
is turned off, the conmbining circuit 7 produces a |l oss X dB which
decreases the conbi ned transm ssion power. At

The modulation signal combining circuit 13

combines the first through the 0-th modulation signals
into a combined modulation signal.

The distributing circuit 7 of the amplifier 6
distributes the coﬁbined modulation signal into
distributed modulation signals to deliver the distributed
modulation signals to the first through the M-th power
amplifying circuits 841 to 8-M of the amplifier 6,
ragspectively.

Each of the power amplifying circuits 8~1 to 8-M
amplifies the distributed modulation signal to produce an
amplified slgnal. Each of the power amplifying circuits
8~1 to 8-M produces an alarm signal when a failure occurs
in each of Lhe power amplifying circuits 8-1 to 8-M in
the manner described above.

The combining circuit 9 of the amplifier 6
conmbines the amplified signals of the first through the
M-th power amplifying éircuits 8-1 to 8-M to produce the
transmission signal.

The control section 11* controls the baseband
signal producing sections 2-1 to 2-N of each of the first
through the Q-th baseband processing clircuits 1-1 to 1-Q
in response to the alarm signal from each of the power
amplifying circuits 8-1 to 8-M to increase a level of the
combined baseband signal of each of the first through the
Q-th baseband processing circuits 1-1 to 1-Q so as to
compensate for a decrease in-power of the transmission

singal due to the failure occurred in each of tﬁe power
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| evel Y1 dB of the first attenuator 112. As a result, the distributor
I's supplied with an i nput |evel mhicr?'s I ncreased by (Y2 - Y1) dB. Under

% ntrol circuit 105 controls the first switching circuit

111 mﬁtching circuit 114 to nmake the conbined signals from
t he m ass through the second attenuator 113. The second
atte an attenuation level Y2 dB smaller than the attenuation

the condition selected so that the relationship represented by X =

is held,

t he conbi ned

amplifying clrcuits 8-1 to 8-M.

The control section 11' includes a decreased
power calculating unit 1la and a controlling unit 11b'.
The decreased power calculating unit 11 is connected to
the power amplifying clrcuits 8-1 to 8-M and calculates
as a decreased power, in response to the alarm signal
from each of the power amplifying circuilts 8-1 to 8-M,
the decrease in power of the transmission singal due to
the failure occurred in each of the power amplifying
clrcuits 8-1 to 8-M. The controlling unit 11b‘ is
connected to the decreased power calculating unit 1lla and
the baseband signal producing sections 2-1 to 2-N of each
of the first through the Q-th baseband processing
circuits 1-1 to 1-0 and controls the baseband signal
producing sections 2-1 to 2-N of each of the first
through the Q-th baseband processing circuits 1-1 to 1-Q
to lncrease the level of the combined baseband signal of
each of the first through the Q-th baseband processing
circuits 1-1 to 1-0 so as Lo compensate for the decreased
power.

The decreaged power calculating unit lla lncludes
a detecting part which carries out the above-mentioned
steps Sland S2 of Fig. 3. For this purpose, the
detectiné part (S1 and 82) is connected to the power
amplifying circuits 8-1 to B-M and detects, 1n response
to the alarm signal froﬁ each of the power amplifying
circuits 8-1 to 8-M, the nhumber m of erroneous power

amplifying circults in which the failure occurs among the

Y1l -

115

Y2
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nna 104. In the above-nenti oned condition, however,

m |on output fromthe conbining circuit 117 is kept unchanged so
c E i i on power of a prescribed |level is delivered fromthe

t he

signal level supplield to each of the power anplifying
circuits 116-1 through 116-4 is

- 28

power amplifylng circuits 8-1 to B-M,

The decreased power calculating unit lla further
includes a calculating part which carries out the step 83
of Fig. 3. For this purpose, the calculating paét (s3)
is connected to the detecting part (S1 and $2) and
calculates the decreased power in response to the number
m of the erxrroneous power amplifying elrcuitisa...

The controlling unit 11' includes a calculating
part which carries out the step S4 of Fig. 3. For this
purpose, the calculating part (54) is connected to the
decreased power calculating unit 1lla and calculates, in
response to the decreased power by the use of a
relationship represented by 10 x log(n x p) = 10 x log(N
x p) - L, the number n of baseband signal producing
sections which should be turned off among the N baseband
signal producing sections 2-1 to 2-N of each of the first
through the 0-th baseband processing circuits 1-1 to 1-Q,
where the deceased power is represented by L (dB) and
where each of the power amplifying circuits 6~1 to B-M
produces the amplified signal p(W) when each of the power
amplifying clrcuits B-1 to 8-M is normally operated
without occurrence of the failure.

The controlling unit 11' further includes a
turning~-off part which carries out the step §5 of Fig. 3.
For this purpose, the turning-off part (S5) 1s connected
to the calculating part (S84)and turns off n baseband
signal producing sections among the N baseband signal

producing sections 2-1 to 2-N of each of the first ~*



t?psﬁmnR 1S % may result in an increase of the internodul ation
power anplifying circuits 116-1 through 116-4. Therefore,
% |Ii Hlj |t 105 controls any of the nodulators 101-1 through 101-3
'ation output in order to decrease the number of the input
frequenC|es supplled to the common anplifier 103. For exanple, the control
circuit 105 carries out control so that the relationship given by X = 10 x
| og(K/R) is held, where R represent42the nunber

through the Q-th baseband processing circuits 1-1 to 1-Q.

| The controlling unit 11' still further includes
an increasing part which carries out the step 86 of Fig.
3. For this purpose, the increasing part (86) 1is
connected to the turning-off part (85) and increases each
of output levels of (N - n) remaining baseband signal
producing sections of each of the first through the Q-th
baseband processing circuits 1-1 to 1-0Q so that the level
of the combined bageband signal of each of the firsat
through the Q-th baseband processing circuits 1-1 to 1-0
is increased by L (4B).

In this manner, the éontrol section 11ib'
restricts the number of available ones of the baseband
singal producing sections 2-1 to 2-N in order to suppress
an Iincrease of the combined modulation signal of the
modulation signal combining cixcuit 13 within a range
such that intermodulation distortion of the power
amplifying circuits normally operated without occurrence
of the failure is not deteriorated.

In the transmission device of Fig. 4, the carrier
oscillation clrcuits 5-1 to 5-Q have functions of
oscillating different carrler frequencies £f1 to £Q.

Thus, a plurality of frequencies are used as channel
frequencies.

In the above-mentioned transmigsion device
according to this invention, the amplifier comprises a
plurality of the power amplificatlon circuits to carrxy

-

out parallel amplification. Controlled by the control "

<



E&@S to be used after occurrence of the failure in any of
%he ng circuits 116-1 through 116-4. There are various known
tec d to such a conmuni cation system conprising anplifying

sections |n a p al l el operation arrangenent and havi ng an al arm produci ng
function. For exanple, Japanese Unexam ned Patent Publication (JP-A) No.
169442/ 1981 di scloses a parallel op %ftlon circuit of a heterodyne
repeater. Japanese Patent Publication” (JP-B) No. :

section, the baseband processing circuit 1s operated so
that a transmission power of the transmigsion signal is
not decreased even in occurrence of a fallure in at least
one of the power amplifying circuits. Thus, a service
zone is prevented from being narrowed.

More specifically, in case of occurrence of the
failure in at least one of the power amplifying circuits,
the gain of the amplifier decreases. The decrease of the
gain implies the decrease of the transmission power,
which causes the service zone to become narrow. In order
to prevent the above, the control section controls the
baseband procesising circuit so as to increase the input
power supplied to the amplifier. Specifically, as the
input power supplied to the amplifier is proportiocnal to
the output power of the bageband signal producing
sections of the baseband processing circuit, it is
possible to prevent the service zone from being narrowed
by increasing the cutput power of the baseband signal
producing sections.

However, the increase of the input power may
deteriorate the intermodulation distortion characteris-
tics of the power amplifying circuits. This results in
deterioration of the communication quality. In view of
the above, in order to prevent the increase of the
intermodulation distortion and to avoid the service zone
from being harrowed, the control section controllably
restricts the number Of.the available ones of the

baseband signal proQucing sections in the baseband T



A8 {ORLl B2 BedirephRees an automatic gain control device for a television

r el §ing device with parallel operation power anplifiers.
Ja}Eﬂ' Iﬂ Bﬂmted Patent Publication (JP-A) No. 304429/1993 di scl oses
pa n anplifiers and a failure detecting circuit therefor. In

order to keep the antenna output constant upon occurrence of the failure in
the power anplifying circuit, the agqve-described radi o transm ssi on device

processing circuit. In this manner, the total sum of the
modulation signal power supplied to the power amplifying
clrcuits is kept at a level not higher than the
predetermined level. Thus, by restricting the number of
the baseband signal producing sections, the output power
per one baseband signal producing section is increased
and the increase of the input supplied to the-power
amplifier is reduced. As a result, the intermodulation
distortion characteristic of the power amplifying circuit
is prevented from deterioration.

As described above, in the transmission device
‘according to this invention, in occurrence of the failure
in at least one of the power amplifying circuits, the
bagseband processing circuit controlled by the control
section 18 operable to increase the input power supplied
to the amplifier which includes a plurality of the powex
amplification circuits arranged to carry out parallel
amplification. WwWith this structure, the transmission
power of the transmission signal is not decreased even in
occurrence of the failure in at least one of the power
amplifying clrcuits. Thus, the service zone is prevented
from being narrowed. This enables the operation with a
small-scale circuit structure and low power consumption.
In addition, this invention is applicable not only to a
transmission device adopting a spread spectrum
comtunication system in which a plurality of trangmission

data signals are transmitted -by the use of a single



—1 JThispbeepHas BeanReplaced such t hat the attenuation | evel of the carrier

nod s is variable by the use of a plurality of the sw tching
cir attenuation circuits to which the conbined signal of the
carrier nodulation signals is supplied. Furthernore, in order to enable the

attenuation | evel to be variable when the carrier nodul ati on signal has a
frequency on the order of 32

frequency but also to a ratio transmission device for

simultaneously transmitting a plurality of frequencies.



‘Fﬁﬁﬂ or nore, switching units or attenuators of a coaxia

s e\idjs Shee
type as the switching circuit and the attenuation circuit,
resp

results in a disadvantage that the device is large in
its entire scale and conplicated in structure. Mreover, even when all of
the power amplifying circuits are normally operated, it is necessary to
keep a hi gh output power of each ypdul ator in preparation for the failure

inth i fyi ' its.
in the power anplifying circuits H!IIIICHHIIJIIIJHIILIIH!Il

WHAT IS CLAIMED iS:

1. A transmission device which is for use in a
base station of a mobile communication system and which
has input terminals, N in number, for receiving
transmission data signals, respectively, where N
represents an integer greater than one, said device
carrying out transmission of a transmission Qignal in
response to the transmission data signals and comprising:

a bagseband processing circuit comprising baseband
signal producing sections, N in number, connected to said
input terminals, respectively, and a baseband signal
combining gection;

a carrler oscillation circuit for producing a
carrier signal;

a modulation circuit;

an amplifier comprising a distributing circuit,
power amplifying circuits, M in number, and a combining
circuit, where M represents another integer greater than
one; and

a control section; .

each of said baseband signal produclng sections
producing, as a baseband signal, a processed signal given
by subjecting a predetermined processing to said
transmission data signal;

sald baseband signél combining section being
connected to sald baseband signal producing sections for

combining the baseband signals into a combined baseband:



Specifically, 'even’in the normal state, the nodul ator output should be
| ncr easage Bys Hedblrgfieett at t enuation through the first switching circuit +

atten ' the second switching circuit) dB. This brings about a
correi%‘wuw MH Ese in power consunption of the nodul ator...As a result,
the p n of the device inevitably becones |arge. This

i nvention provides a transm ssion devige for u ' ‘M‘ on of a
nobi | e conmuni cati on system which is operabl eW“‘m“ﬂ“ ﬂ“ consunption
and whi ch » ¢ L Hm 8 %

signal;

- salid modulation circuit being connected to said
carrier oscillation c¢ircuit and sald baseband signal
combining section for modulating said carrier sigmal in
response to sald combined baseband signal to produce a
modulation signal;

sald distributing circuit being connected to said
modulation clrecuit and to said power amplifying circuits
for distributing said modulation signal into distributed
modulation signals to deliver said distributed modulation
signals to said power amplifying circuits, respectively:;

each of said pawer amplifying circuits amplifying
sald distributed modulation signal to produce an
amplified signal, each of said power amplifying circuits
producing an alarm signal when a fallure occurs in each
of sald power amplifying circuits;

gsaid combining circuit being connected to said
power amplifying circuite for combining the amplified
signals to produce said tranamission signal;

sald control section being connected to said
power amplifying circuits and said baseband signal
producing sections for controlling said baseband signal
producing sections in response to the alarm signal from
each of sald power amplifying circuits to increase a
level of said combined baseband signal so as to
comﬁensate for a decrease in power of said transmission
singal due to said failure occurred in each of said power

amplifying circuits. : _ -7



h5§ a'shéff“5TFEuit scal e. 12 Turning to Fig. 2, description wll
pr Ghiegigetilgs Been Rephsadi ssi on device according to a first enbodi nent of this

i nv e’ _}! !tﬂ! nsm ssion device is for use in a base statien BS of a
nmobijl [ on systemincludi ng nobil e stations (not shown) which

oS o I

L M
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2. A transmission device as claimed in Claim 1,
wherein said control section comprises:

decreased power calculating means connected to
said power amplifying circuits for caleculating as a
decreased power, in response to the alarm signal from
each of said power amplifying circuits, the decrease in
power of sald transmission singal due to sald- failure
occurred in each of said power amplifying circuits; and

controlling means connected to sald decreased
power calculating means and said baseband signal
producing sections for controlling sald baseband signal
producing sections to increase the level of said combined
baseband signal so as to compensate for said decreased
power.

3. A transmission device as claimed in Claim 2,
wherein said decreased power calculating means comprises:

detecting means connected to said powex
amplifying circuits for detecting, in response to the
alarm signal from each of said power amplifying circuits,
the number m of erroneous power amplifying circuits in
which said fallure occurs among said power amplifyling
circuits; and

calculating means connected to sald detecting
means for calculating said decreased power in reéponse to
the number m of sald erroneous power amplifying circuits.

4. A transmission device as claimed in Claim 2,

wherein said controlling means comprises:
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1 -
with th ep““bs. The transm ssion device has first through N-th
I nput t to 106-N for receiving transm ssion data S|gnals

respectlve
transni ssion deV|ce carries out transmission of a tr
through a transm ssion antenna 10 to the nobile stat
transm ssion data signals. The transn1§ gl on device
processing circuit 1 which has first through N-th

represents an int eger greater t han one
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calculating means connected to saild decreased

power calculating means for calculating, in response to

sald decreased power by the use of a relationship

naI

ﬂﬂ”o t he

represented by 10 x log(n x p) = 10 x log{(N x p} - L, the

number n of baseband signal producing sections which

should be turned off among said N baseband signal

producing sections, where sald deceased power 4s

represented by L (dB) and where each of said power

amplifying circuits produces the amplified signal p(W)

when each of said power amplifying circults 1s normally

operated without occurrence of said faillure;

turning-off means connected to said calculating

means for turning off n baseband signal producing

sections among sald N baseband signal producing sections;

and

increasing means connected to said turning-off

means for increasing each of output levels of (N - n)

remaining baseband signal producing sections so that the

level of said combined baseband signal is increased by L

(am).

5. A transmission device as claimed in Claim 1,

wherein each of said baseband signal producing sections

produces, as sald baseband signal, said processed signal

given by subjecting, as sald predetermined processing, a

coding processing to said transmission data signal.

6. A transmission device as claimed in Claim 1,

whereln each of said baseband: signal producing sections

produces, as said baseband signal, sald processed signal



b apiedsned Hes ﬁ ep ?eédum ng sections 2-1 to 2-N connected to the input
or

ter 106-N, respectively, and a baseband- 'si-gnal _.conbi ni ng
secgnﬂ “ nsm ssi on device further |nclud arrler oséFT1ation
Cir prodUC|ng a carrier signal having a l@ﬂ

of, for exanple, 800MHz, a nDduIatlon circuit4, an#a
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control section 11. The anplifier gfludes a dlstrlbutlnd cisrcul't7, first
t hrough Mth power anplifying CIrCUIt 8-1to 8M and a conbining circuit
9, where Mrepresents another integer greater

given by subjecting, as sald predetermined processing, a
spread spectrum processing to saild transmission Qata
signal.

7. A transmission device which is for use in a
base station of a mobile communication system in carrying
out transmission of a transmission signal and which
compriges: N

first through Q-th baseband processing circuits,
each of whivh comprises baseband signal producing
sections, N in number, and a baseband signal combining
section, where Q represents an integer greater than one
and where N representing another lnteger greater than
one; ;

first through O-th carrier oscilillation circuits
for producing first through Q-th.,carrier signals of
carrier frequencles different from each other,
respectively;

first through Q-th modulation cirxcuits;

a modulation signal combining circuit;

an amplifier comprising a distributing circuit,
power amplifying circuits, M in numbex, and a combining
circuit, where M represents still another 1nte§er greater
than one; and

a control section;

each of sald baseband signal producing sections
of each of sald first through said Q-th baseband
processing circuits producing, as a baseband signal, a

processed signal given by subjecting a predetermined
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%Em,ﬂ’uﬂﬂ ﬂtas a baseband signal, a 13 processed signal given by
The
E ssing is typically a coding
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erm ned processing to the transn155|on dat a signal .
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processing Lo a transmission data signal;

said baseband signal combining section of each of
sald first through sald Q-th baseband processing éircuits
combining the baseband sighals of the baseband signal
producing sections of each of said first through said
Q-th baseband processing circuits into a combined
baseband signal; e

said first through said O-th modulation circuits
modulating said first through said Q-th carrier signals
in response to the combined baseband signals of the
baseband signal combining sections of said first through
sald Q-th baseband processing :circuits to produce first
through O0-th modulation signals, respectively;

sald modulation signal combining circuit
combining sald first through said Q-th modulation signals
into a combinhed modulation signal;

‘the distributing circuit of said amplifier
distributing said combined modulat.ion signal into
distributed modulation signals to deliver saild
distributed modulation signals to the first through the
M-th power amplifylng circuits of said amplifier,
respectively;

each of sald power ampiifying circuits.amplifying
sald distributed modulétion signal to produce an
amplified signal, each of said power amplifying circuits
producing an alarm signal when a failure occurs in each

of said power amplifying cirxcuits;



B@mR@ pee§i Nng out the coding processing, each of the baseband
S|gn ectlons 2 produces, as the baseband signal, a coded
S|gn dlng the transm ssion data signal. The codi ng processing
urther |nc u es addition of error correction codes, interleave addi tion
of patterns required upon comrunication, and si ce55|ng adapted to a
nmodul ati on system of the nodul ation gércui t 4. r’!’]ﬂm’ ”f
predet erm ned processing is a spread~Spectrum pro AI S case,

each of the baseband signal producing sections 2
the combining circuit of said amplifier combining

the amplified signals of said first through said M~th
power amplifying circults to produce said transmission
signal;

sald control section controlling the baseband
signal producing sections of each of said first through
said Q-th baseband processing circuits in response to the
alarm signal from each of sald power amplifying eircuits
to increase a level of gsaid combined baseband signal of
each of said first through said Q-th baseband processing
c¢ircuits gso as to compensate for a decrease in power of
sald transmission singal due to said fallure occurred in
each.of said power amplifying circuits.

8. A transmission device as claimed in Claim 7,
wherein said control section comprises:

decreased power calculating means connected to
said power amplifying circuits for calculating as a
decreaged power, in respbnse to the alarm sgignal from
each of sald power amplifying circults, the decrease in
power of sald transmission singal due to.said failure
occurred in each of said power amplifying circuits; and

controlling means connected to sald decreased
power calculating means and the baseband signal producing
sections of each of said first through said Q-th baseband
processing circuits for controlling the baseband signal
producing sections of each of said first through said Q-
th baseband processing circuits to increase the level of

sald combined baseband signal of each of sald first -



pqggg@ashsgaﬁ cmseband signal, the processed signal given by subjecting,
ned processing, the spread spectrum processing to the
;signal. That is, the baseband signal--producing sections 2

car mﬂﬂw ‘ead spectrum processing on the tyansnission data signals
on the basis of the spreadi ng codes, respectlvelg[ ”ﬂ”ﬂﬂf”,mg'ﬁrem from
t he

one anot her. Connected to the basebqu si gnal
through said Q-th baseband processing circuits so as to

baseband signal conbining section 3

compensate for gaid decreased power.

9. A transmission device as claimed in Claim 8,
wherein said decreased power calculating means compriges:

detecting means connected to said power
amplifying circuits for detecting, in response to the
alarm signal from each of sald power amplifying cifcuits.
the number m of erroneous power amplifying circuits in
which gsaid failure occurs among said power amplifying
circuits; and

calculating means connected to sald detecting
means for calculating sald decreased power in response to
ghe number m of sald erroneous power amplifying circuits.

10. A transmission device as claimed in Claim 8,
wherein sald controlling means comp?ises:

calculating means connected to sald decreased
power calculating means for calculating, in response to
said decreased power by the use of a relationship
represented by 10 x logi(n x p) = 10 x log(N x p) - L, the
number n of baseband signal producing sections which
should be turned off among the N baseband signal
"producing sections of each of sald first through said
Q-th baseband processing circuits, where saild deceased
power 1s represented by 1. (dB) and where each of said
power amplifying circuits produces the amplified signal
p(W) when eaéh of said power amplifying circuits is

normally operated without occurrence of said failure;

L
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n he b seband signals into a conbi ned baseband si-ghal.. The
Mz Nty 4 is connected to the carrier oscillation circ¢uit-—-5.and
l ggnal conbi ning section 3 and nDduIates ‘n%” nal in
he conbi ned baseband signal to produce ’”i[ﬂf
41

turning—off means-connected to said calculating
means for turning off n baseband signal producing
sections among the N baseband signal producing sections
of each of sald first through said Q-th baseband -
processing clrcuits; and

increasing means connected to said turning-off_
means for increasing each of output levels of.(N - n)
remaining baseband signal producing sections of each of
eald first through said Q-th baseband processing circuits
8o that the level of the combined baseband signal of each
of said first through said Q-th bagseband processing
circuite is increased by L (dB).

11. A transmission device as claimed in Claim 7,
wherein each of sald baseband signal producing sections
produces, as sald baseband signal, sald processed signal
given by subjecting, as sald predetermined processing, a

coding processing to sald transmission data signal.

s 1



@Edtﬁw% The distributing circuit 7 is connected to the
4 and to the power anplifying circuits 8 (suffixes
om t i butes the nodul ation signal into distributed nodul ation
Si g to deI i ver the distributed nodul ation signals to the power
anplifying circuits 8, respectively. Each of the power anplifying circuits
8 anplifies the distributed nmodulation signal to produce an anplified
signal. Each of the power arrpl ifying circuits 8 further
-42 -
TRANSMISSION DEVICE WITH LOW POWER CONSUMPTION AND WITH A
SMALL CIRCUIT SCALE
ABSTRACT
In a transmission device for use in a base station of a mobile communication
system in carrying out transmission of a transmission signal, each of a predetermined
number N of baseband signal producing sections produces a baseband signal given by
subjecting a predetermined processing to a transmission data signal. -

Fig. 2

t 1
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r il al ar m si gnal
tall vel
t

“anplitying girguits 8 and the baseband signal producing sections 2. The

11 controls the baseband signal producing sections 2 in

fromeach of the power anplifying circuits 8

(or an anplitude) of the conbi ned baseband si gnal
conpensate for a decrease in power of the transm ssion singal

SO as
due to the

failure occurred in each of the power anplifying circuits 8. For this

pur pose, the control

section 11 delivers to each of
produci ng sections 2 a control

si gnal
3/4

START

51

ALl OF

POWER AMPLIFYING
€KT" s 8- TO 8-M ARE
NORMAL?

Yes

DETECT THE NUMBER m OF ERRONEOUS [~ 52

POWER AMPLIFYING CKT" s

CALCULATE GAIN ATTENUATION LEVEL
L B IN AMPLIFIER 6

I~ 53

CALCULATE THE NUMBER n OF
BASEBAND SIGNAL PRODUCING SECTIONS
WHICH SHOULD BE TURNED OFF

~— 54

TURN OFF OUTPUTS OF n BASEBAND
SIGNAL PRODUCING SECTIONS

—~— S5

INCREASE OUTPUTS OF (N-n) BASEBAND 56
SIGNAL PRODUCING SECTIONS BY L dB

;
END

FIG. 3

t he baseband si gnal
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1la‘and t he baseband signal producing sections 2 and controls the e

* signal producing sections 2 to increase the | evel.. of Lhe conbi ned baseband
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TRANSMISSION DEVICE WITH LOW POWER CONSUMPTION AND

WITH A SMALL CIRCUIT SCALE REPLACEMENT SHE[T

G 1 NOV 1997

Background of the Invention:

This invention relates to a transmission device
for use in a base station of a mobile communication
system.

A transmission device of the type described is
for use in a base station of a mobile communication
system in carrying out transmission of a transmission
signal in response to a plurality of transmission data
signals.

A conventional radio transmission device of the
type may have a structure enabling simultaneous
transmlission of a plurality of radio frequencies and
parallel amplification in a plurality of power amplifying
circuits. With this structure, even in occurrence of a
failure in at least one of the power amplifying circuits,
transmission power is not decreased. 1In this manner, a
service zone is prevented from being narrowed. For
example, such a radio transmission device is disclosed in
Japanese Unexamined Patent Publication (JP-A) No.
37651/1994. '

As will later be described, the radio

transmission device is, however, defective in that the



.16 connected to the power anplifying circuits 8 and det p*~;J
‘the alarmsignal fromeach of the power anplifying circ

of erroneous power anplifying circuits in which the failju el@@dﬂ@é*ﬁﬂbn
the power anplifying circuits 8. The decreased power caljcyl ating unit 1la

further includes a calculating part whgch carries out a{st®p o3 (later

described) in Fig. 3. The calculating part (S3) is connegcte
detecting part (S1 and S2) and

device is large in its circuit scale and complicated in
structure and that power consumption of the device
inevitably large.

Summary of the Invention:

It is therefore an object of this invention to
provide a transmission device for use in a base station
of a mobile communication system, which is operable with
low power consumption and which has a small circuit
scale. |

Other objects of this invention will become clear
as the description proceeds.

A transmission device to which this invention is
applicable is for use in a base station of a_mobile
communication system and has input terminals, N in
number, for receiving transmission data signals,
respectively, where N represents an integer greater than
one. The device carries out transmission of a
transmission signal in response to the transmission data
signals.

According to this invention, the device
comprises: a baseband processing circuit comprising
baseband signal producing sections, N in number;
connectedlto the input terminals, respectively, and a
baseband signal combining section; a carrier oscillation
circuit for producing a carrier signal; a modulation
circuit; an amplifier comprising a distributing circuit,
power amplifying circuits, M in number, and a combining

circuit, where M represents another integer greater than



;cajchlates the decreased power in response to the nunber
‘power anplifying circuits. The controlling unit 11b incl
part which carries out a step S4 (later described) in Fi
calculating part (S4) is connected to the decreased power
1lla and cal culates, in response to the 3ecreased power b
rel ati onship represented by 10 x log(n x p) = 10 x | og(N
nunber n of baseband signal producing sections which shou
anong t he Ndselsartl a control section. Each of the baseband signal
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producing sections produces, as a baseband signal, a
processed signal given by subjecting a predetermined
processing to the transmission data signal. The baseband
signal combining section is connected to the baseband
signal producing sections for combining the baseband
signals into a combined signal. The modulation circuit
is connected to the carrier oscillation circuit and the
baseband signal combining section for modulating the
carrier signal in response to the combined signal to
produce a modulation signal. The distributing circuit is
connected to the modulation circuit and to the power
amplifying circuits for distributing the modulation
signal into distributed modulation signals to deliver the
distributed modulation signals to the power amplifying
circuits, respectively. Each of the power amplifying
circuits amplifies the distributed modulation signal to
produce an amplified signal. Each of the power
amplifying circuits produces an alarm signal when a
failure occurs in each of the power amplifying circuits.
The combining circuit is connected to the power
amplifying circuits for combining the amplified signals
to produce a combined signal as the transmission signal.
The control section is connected to the power amplifying
circuits and the baseband signal producing sections for
controlling the baseband signél producing sections in
response to the alarm signal from each of the power

amplifying circuits to increase a level of the combined



~sighal producing sections 2, where the deceased power is réﬁ%&é@ﬁ%gg} §§EQf
*(dB) and where each of the power anplifying circuits produc
signal p(W when each of the power anplifying circuits 8 {i 9

operated w thout occurrence of the failure. The controllijn

es the anplifi
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unit 11b

further includes a turning-off part whiych carries out a dgtep S (tarer
described) in Fig. 3. The turning-off part (S5) is connedted o the

edq

calculating part (S4) and turns off n

signal so as to compensate for a decrease in power of the

transmission singal due to the failure occurred

of the power amplifying circuits.

in each

A transmission device to which this invention is

applicable is for use in a base station of a mobile

communication system in carrying out transmission of a

transmission signal.

According to this invention, the device

comprises: first through Q-th baseband processing

circuits, each of which comprises baseband signal

producing sections, N in number, and a baseband

signal

combining section, where Q represents an integer greater

than one and where N fepresenting another integer greater

than one; first through Q-th carrier oscillation cilrcuits

for producing first through Q-th carrier signals of

carrier frequencies different from each other,

respectively; first through Q-th modulation circults; a

modulation signal combining circuit; an amplifier

comprising a distributing circuit, power amplifying

circuits, M in number, and a combining circuit,

where M

represents still another integer greater than one; and a

control section. Each of the baseband signal producing

sections of each of the first through the Q-th baseband

processing circuits produces, as a baseband signal, a

processed signal given by subjecting a predetermined

processing to a transmission data signal. The baseband

signal combining section of each of the first through the

0-th baseband processing circuits combines the baseband
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sections 2. The controlling unit 11b still further includes an '1chgﬁﬁing
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part which carries out a step S6 (later described) in Fig. 3. I
I ncreases each of output levels of (Ns n) remaining baseband ki gnal

A

= -

i ncreasing part (S6) is connected to the turning-off part (S5)] a

signals of the baseband signal producing sections of each
of the first through the Q-th baseband processing )
circulits into a combined baseband signal. The first
through the Q-th modulation circuits modulates the first
through the Q-th carrier signals in response to the
combined baseband signals of the baseband signal
combining sections of the first through the Q-th baseband
processing circuits to produce first th:ough Q-th
modulation signals, respectively. The modulation signal
combining circuit combines the first through the Q-th
modulation signals into a combined modulation signal.

The distributing circuit of the amplifier distributes the
combined qodulation signal into distributed modulation
signals to deliver the distributed modulation signals to
the first through the M-th power amplifying circuits of
the amplifier, respectively. Each of the power
amplifying circuits amplifies the distributed modulation
signal to produce an amplified signal. Each of the power
amplifying circuits produces an alarm signal when a
failure occurs in each of the power amplifying circuits.
The combining circuit of the amplifier combines the
amplified signals of the first through the M—thlpower
amplifying circuits to produce the transmission signal.
The control section controls the baseband signal
producing sections of each of the first through the Q-th
baseband processing circuits in response to the alarm
signal from each of the power amplifying circuits to

increase a level of the combined baseband signal of each



producing sections so that the | evel of the conbi ned basebgm

I ncreased by L (dB). Thus, the control section 11 restrictg ﬁh ﬁahMEQW SﬂEtT

avai |l abl e ones of the baseband signal producing sections 2|in order 1O
suppress an increase of the nodul ati on signal of the nndulatloq)q

Wi thin a range such that internodul ati gn distortion of the p)mer
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circuits normally operated w thout occurrence of the failufe ot

deteriorated. Each of the baseband signal producing sectiofps 2

Q

of the first through the Q-th baseband processing
circuits so as to compensate for a decrease in power of
the transmission singal due to the failure occurred in
each of the power amplifying circuits.

Brief Description of the Drawing:

Fig. 1 is a block diagram of a conventional radio
transmission device;

Fig. 2 is a block diagram of a transmission
device according to a first embodiment of this invention;

Fig. 3 is a flow chart for describing operation
of a control section in the transmission device
illustrated in Fig. 2; and

Fig. 4 is a block diagram of a transmission device

according to a second embodiment of this invention.

Description of the Preferred Embodiments:

Referring to Fig. 1, description will be made as
regards a conventional radio transmission device for a
better understanding of this invention. The radio
transmission device is equivalent to the conventional
radio transmission device which is described in the
preamble of the instant specification ana which is
disclosed in the above-referred Japanese Unexamined
Patent Publication (JP-A) No. 37651/1994.

The radio transmission device includes a
plurality of modulators 101-1 through 101-3 each of which
is supplied with an input sinjal{ a combiner 102 for
combining modulator outputs, a common amplifier 103

having a transmission antenna 104, and a control circuit



_has ‘functions of varying the anplitude of the baseband sign Iﬁgﬂ&cﬁﬁﬁﬁTﬁﬁﬁET
“off the production of the baseband signal in response to th¢ ¢ontrol signa
supplied fromthe control section 11. This function of varygng mh?NOV‘w97
anplitude of the baseband signal for each transm ssion datajsfjgnal nakes it
possible to vary the input power of eagh transm ssion data pi gnmatr—suppited
to the anplifier 6. As the gain of the anplifier 6 in the nprmal state is

constant, the output power of each transm ssion
105 for controlling modulation of the modulators 101-1

and 101-3 and a gain of the common amplifier 103.

The common amplifier 103 includes a first
switching circuit 111, a first attenuator 112, a second
attenuator 113, a second switching circuit 114, a
distributing circuit 115, power amplifying circuits 116-~1
through 116-4, and a combining circuit 117. The control
circuits 105 produces control signals for use in
controlling on/off of the modulator outputs of the
modulators 101-1 through 101-3 and control signals for
use in controlling switching of the first switching
circuit 111 and the second switching circuit 114 in the
common amplifier 103. In case of emergency such as the
occurrence of a failure in each of the power amplifying
circuits 116-1 through 116-4, the control circuit 105 is
supplied as a feedback input with an alarm signal from
each of the power amplifying circuits 116-1 through 116-4
in the common amplifier 103.

In the radio transmission device described above,
the modulation signals are supplied to the modulators
101-1 through 101-3, respectively. In the modulators
101-1 through 101-3, carrier frequencies f1 thréugh-f3
are modulated by the input signals to produce modulation
outputs, respectively. The modulation outputs are sent
to the combiner 102. The combiner 102 produces a
combined signal which is deliﬁered to the common
amplifier 103. The common amplifier 103 produces an

amplifier output which is sent to the antenna 104.
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data signal delivered fromthe transm ssion antenna 10 18 BERLASEMENT | SHEET
For exanple, when the output of the baseband signal producifgtsection 2=t
is increased to twice in terns of the power |evel, the inpu ssquhim_gﬂb
the anplifier 6 increases by 3dB. As a result, the output pojer no gd
by the out put of the baseband 8

Specifically, the output of the combiner 102 ﬁs
delivered to the first switching circuit 111. The first B
switching circuit 111 selectively delivers the output to
a selected one of the first attenuator 112 and the second
attenuator 113. Either one of the output of the first
attenuator 112 and the output of the second attenuator
113 1is supplied to the second switching circuit 114. The
second switching circuit 114 supplies a selected one of .
the outputs to the distributing eircuit 115. The
distributing circuit 115 distributes the output into four
to be delivered to the power amplifying circuits 116-1
through 116-4, respectively. 1In alnormal transmitting
operation, the copbinéd signal from the combiner 102 is
selected by the first switching circuit 111 and delivered
to the first attenuator 112. In this event, the first
attenuator 112 attenuates the combined signal, for
example, by Y1 dB. The power amplifjing circuits 116-1
through 116-4 produces amplified outputs to be supplied
to the combining circuit 117. The combining circuit 117
produces a combined transmission output to be delivered
to the transmission antenna 104. As described above,
each of the power amplifying circuits 116-1 thrbugh 116-4
produces the alarm signal when the fallure occurs in each
of the power amplifying circuits 116-1 through 116-4.

The alarm signal serves to announce occurrence of the
failure in any one of the powér amplifying circuits 116-1

through 116-4.



signal producing section 2-1 will be increased by 3dB at oWk PUEuOkuE e
“transm ssion antenna 10. The baseband si gnal produci ng se Dﬁﬁgﬁigﬁaﬁgébﬁi’
i npl emented by digital signal processing, such as DSP (digigal signal
processor) or ASIC. On the other hand, the baseband signpl| cOrbNBVNE97
section 3 is inplemented by digital siggal processing such gs DSP or ASI G.
When the nodul ation circuit 4 adopts orthogonal nodul ati on as the

nmodul ati on system the baseband signal combining section delivers the
conbi ned baseband signai hdaybhHPefescribed radio transmission device,

the common amplifier 103 produces an output of P (watts)
per single frequency and delivers a transmission power of
K x P (watts) when K radio frequencies are used. Each of
the power amplifying circuits 116-1 through 116-4
produces the alarm signal when its gain becomes equal to
or lower than a predetermined level. In case where the
failure occurs in any one of the power amplifying
clrcuits 116-1 through 116~4 and its amplified output is
turned off, the combining circuit 117 produces a loss X
dB which decreases the combined transmission power. At
this time, the control circuit 105 controls the first
switching circuit 111 and the second switching circuit
114 to make the combined signals from the combiner 102
pass through the second attenuator 113. The second
attenuator 113 has an attenuation level ¥2 dB smaller
than the attenuation level Y1 dB of the first attenuator
112. As a result, the distributor 115 is supplied with
an input level which is increased by (Y2 - Y1) dB. Under
the condition selected so that the relationship
represented by X = YI-- Y2 is held, the combined
transmission output from the combining circuit i17 is
kept unchanged so that the transmission power of a
prescribed level is delivered from the transmission
antenna 104.

In the above—mentionea condition, however, the
distributed input signal level supplield to each of the

power amplifying circuits 116-1 through 116-~4 is



~conponent and a Q conponent to the nodulation circuit 4.

" outputs P(W per one transm ssion data signal, and out put
the transm ssion data signals, N in nunber, are used. The
excellent in linearity to suppress the dlstortlon in outp
predeterm ned | evel or |ess, and has |gyw power consunptio
the anplifier has a structure such that the M power anpli
operated in parallel, and has a function such that the ph
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of the nodufatireAsedgnalrhP@swald result in an increase of the

intermodulation distortion in the power amplifying
circuits 116-1 through 116-4. Therefore, the control
circuit 105 controls any of the modulators 101-1 through
101-3 to stop the modulation output in order to decrease
the number of the input frequencies supplied tp the
common amplifier 103. For example, the control circuit
105 carries out control so that the relationship given by
X = 10.x log(K/R) is held, where R represents the number
of radio frequencies to be used after occurrence of the
failure in any of the power amplifying circuits 116-1
through 116-4.

| There are.vafious known techniques related to
such a communication system comprising amplifying
sections in a parallel operation arrangement and having
an alarm producing function. For example, Japanese
Unexamined Patent Publication (JP-A) No. 169442/1981
discloses a parallel operation circuilt of a heterodyne
repeater. Japanese Patent Publication (JP-B) No.
48702/1991 discloses an automatic gain control device for
a television relay broadcasting device with parallel
operation power amplifiers. Japanese Unexaminea Patent
Publication (JP-A) No. 304429/1993 discloses parallel
operation ampliflers and a failure detecting circuit
therefor.

In order to keep the éntenna output constant upon

occurrence of the failure in the power amplifying

circuit, the above-described radio transmission device

1
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anplifying circuits 8,

circuit 9, it is possible to produce the transm ssion S|gnal
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has a structure such that the attenuation level of the
carrier modulation signals 1s variable by the use of a
Plurality of the switching circuits and the attenuation
circuits to which the combined signal of the carrier
modulation signals is supplied. Furthermore, in order to
enable the attenuation level to be variable when the
carrier modulation signal has a fregquency on the order of
several hundreds MHz or more, switching units or
attenuators of a coaxial type must be used as the
sWitching circuit and the attenuation circuit,
respectively. This resuits in a disadvantage that the
device is large in its entire scale and complicated in
structure. ;

Moreover, even when all of the power amplifying
circuits are normally operated, it is necessary io keep a
high output power of each modulator in preparation for
the failure in the power amplifying circuits.
Specifically, even in the normal state, the modulator
output should be increased by (Y1 @B + attenuation
through the first switching circuit + attenuation through
the second switching circuit) dB. This brings about a
corresponding increase in power consumption of £he
modulator. As a result, the power consumption of the
device inevitably becomes large.

This invention provides a transmission device for
use in a base station of a mobile communication system,
which is operable with a low power consumption and which

has a small circuit scale.



CEad -
The distributing circuit 7 or the conbining circuit 9 can erknﬁiéﬁéﬂtéﬁﬁET
- for exanple, by a Wlkinson distributing circuit or a WI kingon conbi ni ng
circuit. In the transm ssion device for use in a nobile co
system it is assuned that, when the power amplifying circ
normal |y operated, each of the basebangd signal producing sections
out put power p (W, the anplifier 6 has a gain G (dB), an
circuit 4 has a gain g (dB) in order to keep the transm ssion power of
(W per one transm garaindatd Fig. 2, description will proceed to a

transmission device according to a first embodiment of.
this invention. The transmission device is for use in a
base station BS of a mobile communication system
including mobile stations (not shown) which communicate
with the base station BS. The transmission device has
first through N-th input terminals 106-1 to 106-N for
receiving transmission data signals, respectively, where
N represents ah integer greater than one. The
transmission device carries out transmission of a
-transmission signal through a transmission antenna 10 to
the mobile stations in response to the transmission data
signals. ;

The transmission device includes a baseband -
processing circuit 1 which has first through N-th
baseband signal producing sections 2-1 to 2-N connected
to the input terminals 106-1 to 106-N, respectively, and
a baseband signal combining section 3. The transmission
device further includes a carrier oscillation circuit 5
for producing a carrier signal having a radio channel
frequency of, for example, 800MHz, a modulation circuit4,
an amplifier 6, and a control section 11. The émplifier
6 includes a distributing circuit7, first through M-th
power amplifying circuits 8-1 to 8-M, and a combining
circuit 9, where M represents another integer greater
than one.

Each of the baseband signal producing sections 2

(suffixes omitted) produces, as a baseband signal, a



signal. Herein, the relationship given by G = 10 x | og(P/p)
~Turning to Fig. 3, description will proceed to operation of
section 11 of Fig. 2. At first, the control section 11 judges
not the power anplifying circuits 8-1 to 8-Mare normal (stle
result shown they are normal, the operggion returns to the ju
judging step (step S1) to continuously nonitor the power a
circuits 8-1 to 8-M

processed signal given by subjecting a predetermined
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processing to the transmission data signal. The
predetermined processing is typically a coding
processing. On carrying out the coding processing, each
of the baseband signal producing sections 2 produces, as
the baseband signal, a coded signal given by coding the
transmission data signal. The coding processing further
includes addition of error correction codes, interleave,
addition of patterns required upon communication, and
signal processing adapted to a modulation system of the
modulation circuit 4. Alternatively, the predetermined
processing is a spread spectrum processing. In this
case, each of the baseband signal producing sections 2
produces, as the baseband signal, the processed signal
given by subjecting, as the predetermined processing, the
spread spectrum processing to the transmission data
signal. That 1s, the baseband signal producing sections
2 carry out the spread spectrum processing on the
transmission data signals on the basis of the spreading
codes, respectively, which are different from one
another.

Connécted to the baseband signal producing
sections 2, the baseband signal combining section 3
combines the baseband signals intoc a combined baseband
signal.

The modulation circui£ 4 is connected to the
carrier oscillation circuit 5 and the baseband signal

combining section 3 and modulates the carrier signal in



On the other hand, unless they are normal, it is indicated that RERLAGEMENT S*LtT_

occurs in any of the power anplifying circuits 8-1 to 8M Then, fdetection
is made of the nunber m of erroneous ones of the power anplifyi ]gﬂwlifw
8-1to 8-M(step S2). Thereafter, calculation 20 is made of A gain

attenuation level L dB in the anplifiarg

response to the combined baseband signal to produce a
modulation signal.

The distributing circuit 7 is connected to the
modulation circuit 4 and to the power amplifying circuits
8 (suffixes omitted) and distributes the modulation
signal into distributed modulation signals to deliver.the
distributed modulation signals to the power amplifying
circuits 8, respectively.

Each of the power amplifying circuits 8 amplifies
the distributed modulation signal to produce an amplified
signal. Each of the power amplifying circuits 8 further
produces an alarm signal when a failure occurs in each of
the power amplifying circuits 8. Each of the power
amplifying circuits 8 detects the failure to produce the
alarm signal when a gain of each of the power amplifying
circuits 8 is egqual to or lower than a predetermined
value as a result of comparison of a power of the
distributed modulation signal supplied thereto with
another power of the amplified signal supplied therefrom.
For example, the predetermined value of the gain at which
the alarm signal is produced due to decrease of a
measured gain is selected to be equal to or lowér than
50% of the gain in a normal state of each of the power
amplifying circuits 8. |

Connected to the power amplifying circuits 8, the
combining circuit 9 combines the amplified signals to

produces the transmission signal.
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* power anpli
cal cul at es,

L dB of the anplifier 6, the nunber n of those baseband f{i
secti ons whose outputs should be turnegd off (step S4). The
the n baseband signal producing sections are turned off (step S5). The
nunber n of those baseband signal producing

fying circuits (step S3). Subsequently, the cgntjrol secC
as the nunber uniquely determ ned by the gai
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The control section 11 is connected to the power
amplifying circuits 8 and the baseband signal producing
sections 2. The control section 11 controls the baseband
signal producing sections 2 in response to the alarm
signal from each of the power amplifying circuits 8 to
increase a level (or an amplitude) of the combined
baseband signal so as to compensate for a decrease in
power of the transmission singal due to the failure
occurred in each of the power amplifying circuits 8. For
this purpose, the control section 11 delivers to each of
the baseband signal producing sections 2 a control signal
for controlling an amplitude of the baseband signal.

The control section 11 includes a decreasgd power
calculating unit 1la and a controlling'unit 11b. The
decreased power calculating unit l1lla is connected to the
power amplifying circuits 8 and calculatés as a decreased
power, in response to the alarm signal from each of the
power amplifying circuits 8, the decrease in power of the
transmission singal due to the failure occurred in each
of the power amplifying circuits 8. The controlling unit
11b is connected to the decreased power calculating unit
Ila and the baseband signal producing sections ﬁ and
controls the baseband signal producing sections 2 to
increase the level of the combined baseband signal so as
to compensate for the decreased power.

The decreased power caiculating unit 1la includes
a detecting part which carries out steps S1 and S§2 (later

described) in Fig. 3. The detecting part (S1 and S2) is



the relationship represented by 10 x log(n x p) = 10 x |
the control operation of turning off the outputs of the q@#
produci ng sections (step S5), particular ones of the baséb nd Si
producing sections which are not supphiged with any trans

are preferentially turned off. It is supposed that the nunber of the
baseband signal producing sections without any transm ssion data
suppl i ed t homiecied| €SSthe power amplifying circuits 8 and detects,

in response to the alarm signal from each of the power
amplifying circuits 8, the number m of erroneous power
amplifying circuits in which the failure occurs among the
power amplifying circuits 8.

The decreased power calculating unit lla further
includes a calculating part which carries out a step S3
(later described) in Fig. 3. The calculating part (S3)
is connected to the detecting part (S1 and S2) and
calculates the decreased power in response to the number
m of the erroneous power amplifying circuits.

The controlling unit 11b includes a calculating
part which carries out a step S84 (lPter described) in
Fig. 3. The calculating part (S4) is connected to the
decreased power calculating unit 1la and calculates, in
response to the decreased power by the use of a
relationship represented by 10 x log(n x p}) = 10 x log(N
x p) - L, the number n of baseband signal producing
sections which should be turned off among the N baseband
signal producing sections 2, where the deceased power is
represented by L (dB) and where each of the power
amplifying circuits produces the amplified signél p (W)
when each of the power amplifylng circuits 8 1s normally
operated without occurrence of the failure.

The controlling unit 11b further includes a
turning-off part which carries.out a step S5 (later
described) in Fig. 3. The turning-off part (S5) is

connected to the calculating part (S4) and turns off n



than n. In this event, the control operation is carried out wﬁ”ﬁhéatﬁi@gug; SHEET

" manner that the outputs are successively turned off fromthoge ehatte e,
si gnal producing sections to which the input of the transm sgign @3”@@ [
signal s has been finished. The above-nenti oned control operatign V¥ R

prevent the transm ssion data signal iyyuse from being force
I nt errupted.

baseband signal producing sections among the N baseband
signal producing sections 2. )

The controlling unit 11b still further includes
an increasing part which carries out a step 86 (later
described) in Fig. 3. The increasing part (S6) is
connected to the turning-off part (S5) and increases each
of output levels of (N - n) remaining baseband signal
producing sections so thét the level of the combined
baseband signal is increased by L (dB).

Thus, the control section 11 restricts the number
of available ones of the baseband signal producing
sections 2 in order to suppress an increase of the
modulation signal of the modulation circuit 4 within a
range such that intermodulation distortion of the power
amplifying circuits normally operated without occurrence
of the failure is not deteriorated.

Each of the baseband signal producing sections 2
has functions of varying the amplitude of the baseband
signal and turning off the production of the baseband
signal in response to the control signal supplied from
the control section 11. This function of varying the
amplitude of the baseband signal for each transﬁission
data signal makes it possible to vary the input power of
each transmission data signal supplied to the amplifier
6.

As the gain of the amplifier 6 in the normal
state is constant, the output power of each transmission

data signal delivered from the transmission antenna 10



21 After the step of turning off the outputs of the n b sﬂmﬂn@Engnqlggr

" produci ng sections (step S5), the outputs of the remnainijn

produci ng sections (N - n), in nunber, except the baseb nﬁgg& 35 dut
sections having been turned off in the precedi ng step afe {2
(step S6). By this operation, the tranggn ssion power of jt Re.qui put <|on
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produced formthe (N - n) baseband signal producing secffions is kept

U0

unchanged at P(W which is the out put
can be varied. For example, when the output of the

baseband signal producing section 2-1 is increased to
twice in terms of the power level, the input supplied to
the amplifier 6 increases by 3dB. As a result, the
output power modulated by the output of the baseband
signal producing section 2-1 will be increased by 34B at
the output of the transmission antenna 10.

The baseband signal producing sections 2 are
implemented by digital signal processing, such as DSP
(digital signal processor) or ASIC. On the other hand,
the baseband signal combining section 3 is implémented by
digital signal processing such as DSP or ASIC. When the
modulation circuit 4 édopts_orthogonal modulation as the
modulation system, the baseband signal combining section
3 delivers the combined baseband signal having an I
component and a Q component to the modulation circuit 4.

The amplifier 6 outputs P(W) per one transmission
data signal, and outputs P x N (W) when the transmission
data signals, N in number, are used. The amplifier 6 is
excellent in linearity to suppress the distortion in
output down to a predetermined level or less, and has low
power consumption. Specificaily, the amplifier-has a
structure such that the M power amplifying circuits 8,
operated in parallel, and has a function such that the
phase characteristic of the modulation signal passing
through each circuit is made tb coincide with a specific
value within a predetermined range. With the above-

mentioned function of the power amplifying circuits 8,

vsJ(@]



power delivered fromthe transm ssion antenna 10 before th
“in the mpower anplifier circuits. As described above, in
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device for use in a nobile comuni cation systemillustrated W&ﬁ”@DV%997

I s possible to conpensate, by increasing the outputs of tHeubaseband Sl g
produci ng sections by L dB, the decrease L dB of the trangm:

caused by the attenuation in gain of the anplifier 6 when {the m power
anplifier circuits are failed. Wien four power anplifying Citcurts 8-1 to

8- 4

the distributing circuit 7, and the combining circuit 9,
it is possible to produce the transmission signal having
a reduced loss so that low power consumption 1s achieved.
The distributing circuit 7 or the combining circuit 9 can
be implemented, for example, by a Wilkinson distributing
circuit or a Wilkinson combining circuit.

In the transmission device for use in a mobile
communication system, it is assumed that, when the power
amplifying circuits 8 are normally operated, each of the
baseband signal producing sections 2 has output power p
(W), the amplifier 6 has a gain G (dB), and the
modulation circuit 4 has a gain g (dB) in order to keep
the transmission powef of P (W) per one transmission data
signal. Herein, the relationship given by G = 10 x
log(P/p) - g is held.

Turning to Fig. 3, description will proceed to
operation of the control section 11 of Fig. 2. At first,
the control section 11 judges whether or not the power
amplifying circuits 8-1 to 8-M are normal (step S1). If
the result shown they are normal, the operation returns
to the upstream of the judging step (step S1) to
continuously monitor the power amplifying circuits 8-1 to
8-M.

On the other hand, unless they are normal, it is
indicated that an error occurs in any of the power
amplifying circuits 8-1 to 8M; Then, detection is made
of the number m of erroneous ones of the power amplifying

clrcuits 8-1 to 8-M (step S2). Thereafter, calculation
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in the above-described transnission device for upeRERLASEWBRT IsierT
on system each of the sixteen baseband signal prpditrmg—seeti-

2-1 to 2-16 has output power of 0.1(W, the anplifier 6 hasja g§i€§0f 10
t

(dB), and the nodulation circuit 4 has a gain of 0 (dB) so gs

&y B2

transm ssion power 1 (W per one transyg ssion data signal. { nkthis_event,

t he control
8-1to 8-4

section 11 judges whether or not the power anpllifying circuits
are normal and, in case of occurrence of an error
is made of a gain attenuation level L 4B in the amplifier

6, which level is uniquely determined by the number m of
the erroneous power amplifying circuits (step 83).

Subsequently, the control section 11 calculates,
as the number uniquely determined by the gain attenuation
level 1. AB of the amplifier 6, the number n of those
baseband signal producing sections whose outputs should
be turned off (step S4). Then, the outputs of the n
baseband signal producing sections are turned off (step
s5) . |

The number n of those baseband signal producihg
sections whose outputs should be turned off can be
calculated by the use of the relationship rep;esented by
10 x log(n x p) = 10 x log(N x p) - L. In the control
operation of turning off the outputs of the n baseband
signal producing sections (step S5), particular ones of
the baseband signal producing sections which are not
supplied with any transmission data signal are
preferentially turned off. It 1is supposed that the’
number of the baseband signal producing sections without
any transmission data signal supplied thereto is less
than n. In this event, the control operation ié carried
out in such a manner that the outputs are successively
turned off from those baseband signal producing sections
to which the input of the transmission data signals has
been finished. The above—meniioned control operation
serves to prevent the transmission data signal in use

from being forcedly interrupted.



22 i'n any one of the power anmplifying circuits 8-1to 8-4
*nunber of the erroneous ones of the power anplifying circ
It is supposed here that the power anplifying circuit 8-1
calculation is made of the gain attenuation |level L dB of
caused by the failure in the single poyper anplifier circu
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After the step of turning off the outputs of the
n baseband signal producing sections (step S5), the
outputs of the remaining baseband signal producing
sections (N - n), in number, except the baseband signal
producing sections having been turned off in the
preceding step are increased by L dB (steé $6). By this
operation, the transmission power of the output signals
produced form the (N - n) baseband signal producing
sections is kept unchanged at P(W) which is the output
power deliveied from the transmission antenna 10 before
the faillure occurs in the m power amplifier circuits.

As described above, in the transmission device
fgr use in a mobile communication system illustrated in
Fig. 1, it is possible to compensate, by increasing the
outputs of the baseband signal producing sections by L
dB, the decrease L dB of the transmission power caused by
the attenuation in gain of the amplifier 6 when the m
power amplifier circuits are failed.

When four power amplifying circuits 8-1 to 8-4
are normal in the above-described transmission device for
use in a mobile communication system each of the sixteen
baseband signal producing sections 2-1 to 2-16 ﬁas output
power of 0.1(W), the amplifier 6 has a gain of 10 (dB),
and the modulation circuit 4 has a gain of 0 (dB) so as
to keep the transmission power 1 (W) per one transmission
data signal. In this event, the control section 11
judges whether or not the power amplifying circuits 8-1

to 8-4 are normal and, in case of occurrence of an error



(herein, L dB = 3 dB). The control section 11 cal cul at ed,
“uniquely determned by the gain attenuation | evel L dB off tthhe anplifier
t he nunber n of those baseband signal producing sections
shoul d be turned off. Then the outputs of then baseband
sections are turned off. Thus, the gaigpattenuation |evel
in the anplifier 6 due to the failure in the single powe
circuit 8-1. On the other hand, the nunber of baseband signal producing
sections 2-int Ahgughe?olf6 the ¢PwRir tampIiDEyddy circuits 8-1 to 8-4,

detects the number of the erroneous ones of the power
amplifying circuits 8-1 to 8-4.

It is supposed here that the power amplifying
circuit 8-1 is falled. Then, calculation is made of the
gain attenuation level L dB of the amplifier 6 caused by
the failure in the single power amplifier circuit 8-1
{herein, L dB = 3 dB). The control section 11
calculated, as the number uniquely determined by the gain
attenuation level L dB of the amplifier 6, the number n
of those baseband signal producing sections whose outputs
should'be turned off. Then the outputs of then baseband
signal producing sections are turned off. Thus, the gain
attenuation level of 3 dB is caused in the amplifier 6
due to the failure in the single power amplifying circuit
8-1. On the other hand, the number of baseband signal
producing sections 2-1 through 2-16 is equal to sixteen.
In this event, the number n of those baseband signal
producing sections whose outputs should be turned off is
equal to eight.

In the control cperation of turning off the
outputs of the eight baseband signal producing éections,
particular ones of the baseband signal producing sections
which are not supplied with any transmission data signal
are preferentially turned off. It is supplied that the
number of the baseband signal producing sections without
any transmission data signal supplied thereto 1s less

than eight. 1In this event, the control operation is



In this event, the nunber n of those baseband signal prodhcRiyASENERTOSEEET
"whose outputs should be turned off is equal to eight. In }heg controt-
operation of turning off the outputs of the eight baseba signﬁﬁ Qnﬁﬁfcing
sections, particular ones of the baseband signal producing isect’ H o
are not supplied with any transnissiomglata signal are prieflerential.ly ‘
turned off. It is supplied that the nunber of the baseband signal producing
sections without any transm ssion data signal supplied thereto-is-—+ess
carried out in such a manner that the outputs are

successively turned off from those baseband signal
producing sections to which the input of the transmission
data signals has been finished. The above-mentioned
operation is continued until the number of the baseband
signal préducing section whose outputs of the baseband
signals have been turned off 1s counted up to eight.

After the outputs of the eight baseband signal
producing'sections are turned off, the control section 11
increases, by L dB, the outputs of the (N - n) baseband
signal producing sections except the baseband signals
producing sections which have been turned off. Herein,
eight (16 - 8) baseband signals producing sections are
operable. The outputs of these eight baseband signal
producing sections are increased by 3 dB corresponding to
0.2 (W).

By this operation, the transmission power of the
output signals produced from the eight baseband signal
producing sections is kept unchanged at 1 (W) which is
the output power delivered from the transmission antenna
10 before the fallure occurs in the single power |
amplifier circuit 8A. This means that thé incréase of
the outputs of the baseband signal producing sections by
3 dB can compensate the decrease 3 dB of the transmission
power caused by the gain attenuation in the amplifier 6
when the single power amplifief circuit 8A is failed.

Turning to Fig. 4, description will proceed to a

transmission device according to a second embodiment of



t han ei ght.
* such a manner that the outputs are successively turned of fj fromthose
baseband signal producing sections to which the input ofjt
data signals has been finished. The above-nenti oned operfation_j.s_contin
the nunber of the baseband 24
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this invention. The transmission device is also for use
in a base station BS of the mobile communication system
in carrying out transmission of a transmission signal
through a transmlssion antenna 10 to mobile stations (not
shown) like the transmission device illustrated in
Fig. 2.

The transmission device includes first through
Q-th baseband processing circuits 1-1 to 1-Q, where Q
represents an integer greater than one. Each of the
first through the Q-th baseband processing circuits 1-1
to 1-Q is similar in structure to the baseband processing
circuit 1 of the transmission device illustrated in Fig.
2. That 1s, each of the first through the Q-th baseband
processing circuits 1-1 to 1-Q includes baseband signal
producing sections 2-1 to 2-N (Fig. 2) and a baseband
signal combining section3 (Fig. 2), where N representing
another integer greater than one.

The transmission device further includes first
through Q-th carrier oscillation circuits 5-1 to 5-Q
which produces first through Q-th carrier signals of
carrier frequencies f1 to £fQ different from each other,
respectively. The transmission device still fufther
includes first through Q-th modulation circuits 4-1 to
4-Q, a modulation signal combining circuit 13, an
amplifier 6, and a control section 11°'.

The amplifier 6 is similar in structure to the
amplifier 6 of the transmission device l1llustrated in

Fig. 2. That is, the amplifier 6 includes a distributing
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si gnal producing section whose outputs of the baseband signal
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turned off is counted up to eight. After the outputs of the eijght

si gnal producing sections are turned off, the control section{1 i reases

by L dB, the outputs of the (N - n) baseband signal producing!s c E@;
except the baseband signals producing sggtions which have begn “QLL~_~J

Herein, eight (16 - 8) baseband signals producing sections arle operable
The out puts of these eight baseband signal producing sections ar

by 3 dB correspeadiing Y®ig. 2), first through M-th power amplifying

d

circuits 8-1 to 8-M (Fig. 2), and a combining circuit 9,
where M represents still another integer greater than
one.

Each of the baseband signal producing sections
2-1 to 2-N of each of the first through the Q-th baseband
processing circuits 1-1 to 1-Q produces, as a baseband
signal, a processed signal given by subjecting a
predetermihed processing to a transmission data signal
which is described above in Fig. 2. The predetermined
processing is typilcally a coding processing for coding
the transmission:data signal to produce a coded signal as
the baseband sigyal in the manner which is described
above.
. The baseband signal combining section 3 of each
of the first through the Q-th baseband processing
circuits 1-1 to 1-Q combines the baseband signals of the
baseband signal producing sections 2-1 to 2-N of each of
the first through the Q-th baseband processing circuits 1-
1 to 1-Q into a combined baseband signal.

The first through the Q-th modulation circuits
4-1 to 4-Q modulates the first through the Q—th‘carrier
signals in response to the combined baseband signals of
the baseband signal combining sections 3 of the first
through the Q-th baseband processing circuits 1-1 to 1-Q
to produce first through Q—th.modulation signals,

respectively.



0.2 (W. By this operation, the transm ssion power of the out d%"?tl%@p@da&
‘produced fromthe eight baseband signal producing sections i eptr———m.
unchanged at 1 (W which is the output power delivered fromth
transm ssion antenna 10 before the failure occurs in the singl
anplifier circuit 8A. This nmeans that tjge i ncrease of the oufp
baseband si gnal produci ng sections by 3 dB can conpensate t decrease
of the transm ssion power caused by the gain attenuation in theé
The modulation signal combining circuit 13

combines the first through the Q-th modulation"signals
into a combined modulation signal.

The distributing circuit 7 of the amplifier 6
distributes the combined médulation signal into
distributed modulation signals to deliver the distributed
modulation signals to the first through the M-th power
amplifying circuits 8-1 to 8-M of the amplifier 6,
respectively.

Each of the power amplifying circuits 8-1 to 8-M
amplifies the distributed modulation signal to produce an
amplified signal. Each of the power amplifying circuits
q-l to 8-M producgs an alarm signal when a failure occurs
in each of the power amplifying circuits 8-1 to 8-M in
"the manner described above.

The combining circuit 9 of the amplifier 6
combines the amplified signals of the first through the
M-th power amplifying circuits 8-1 to 8-M to produce the
transmission signal.

The control section 11' controls the baseband
signal producing sections 2-1 to 2-N of each of the first
through the Q-th baseband processing circuits 1;1 to 1-Q
in response to the alarm signal from each of the power
amplifying circuits 8-1 to 8-M to increase a level of the
combined baseband signal of each of the first through the
Q-th baseband processing circﬁits 1-1 to 1-Q so as to
compensate for a decrease in power of the transmission

singal due to the failure occurred in each of the power
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when the single power anplifier circuit 8Ais failed. Turning t
“description will proceed to a transm ssion device according to
enbodi nent of 24 this invention. The transm ssion device is
in a base station BS of the nobile comunication systemin carr
transm ssion of a transm ssion signal 54

amplifying circuits 8-1 to 8-M.

The control section 11' includes a decreased
power calculating unit 1la and a controlling unit 11b°'.
The decreased power calcul&ting unit 11 is connected to
the power amplifying circuits 8-1 to 8-M and calculates
as a decreased power, in response to the alarm signal
from each of the power amplifying circuits 8-1 to 8-M,
the decrease in power of the transmission singal due to
the failure occurred in each of the power amplifying
circuits 8-1 to 8-M. The controlling unit 11b' is
connected to the decreased power calculating unit 1lla and
the baseband signal producing sections 2-1 to 2-N of each
of the first through the Q-th baseband processing
circuits 1-1 to 1-Q and controls the baseband signal
producing sections 2-1 to 2-N of each of the first
through the Q-th baseband processing circuits 1-1 to 1-Q
to increase the level of the combined baseband signal of
each of the first through the Q-th baseband processing
circuits 1-1 to 1-Q so as to compensate for the decreased
power.

The decreased power calculating unit 1la includes
a detecting part which carries out the above—meﬁtioned
steps Sland 82 of Fig. 3. For this purpose, the
detecting part (S1 and $2) is connected to the power
amplifying circuits 8-1 to 8-M and detects, in response
to the alarm signal from each.of the power amplifying
circuits 8-1 to 8-M, the number m of erroneous power

amplifying circuits in which the failure occurs among the



through a transmi ssion antenna 10 to nobile stations (notshewn—like the

“transm ssion device illustrated in Fig. 2. The transm ssi
iy
e
Pelh oy
in

first through Qth baseband processing circuits 1-1 to 1-
represents an integer greater than one. Each of the first t%r
baseband processing circuits 1-1 to 1-48is simlar in strjudtu
baseband processing circuit 1 of the transm ssion device {i
Fig. 2. That is, each of the first through the Qth baseland
power amplifying circuits 8-1 to 8-M.

The decreased power calculating unit lla further
includes a calculating part which carries out the step 83
of Fig. 3. For this purpose, the calculating part (S3)
is connected to the detecting part (S$1 and S2) and
calculates the decreased power in response to ;he number
m of the erroneous power amplifying circuits.

The controlling unit 11' includes a calculating
part which carries out the step S4 of Fig. 3. For this
purpose, the calculating part (S4) is connected to the
decreased power calculating unit 1la and calculates, in
response to the decreased power by the use of a
relationship represenied by 10 x log(n x p) = 10 x log(N
X p) - L, the number n of baseband signal producing
sections which should be turned off among the N baseband
signal producing sections 2-1 to 2-N of each of the first
through the Q-th baseband processing circuits 1-1 to 1-Q,
where the deceased power is represented by L (dB) and
where each of the power amplifying circuits 8-1 to 8-M
produces the amplified signal p(W) when each of the power
amplifying circuits 8-1 to 8-M is normally operated
without occurrence of the failure. |

The controlling unit 11' further includes a
turning-off part which carries out the step S5 of Fig. 3.
For this purpose, the turning-off part (S5) is connected
to the calculating part (S4)aﬁd turns off n baseband
signal producing sections among the N baseband signal

producing sections 2-1 to 2-N of each of the first



processing circuits 1-1 to 1-Q i ncl udes baseband signal pfedusing-sect]ons

"2-1to 2-N (Fig. 2) and a baseband signal conbining secti d%&@ﬁcgwcﬁmcwng

where N representing another integer greater than one. Th

device further includes first through Qth carrier OSC|IIat|o§ fké qgés
to 5-Q which produces first through Q4§ carrier signals Jof 7
frequencies f1 to fQdifferent fromeach other, respectiVely.—The

\4

transmi ssion device still further includes first t hrough |Q t'h nmodul ation

circuits 4-inh®ugh the Q-th baseband processing circuits 1-1 €6 I=0:

The controlling unit 11' still further includes
an increasing part which carries out the step $6 of Fig.
3. For this purpose, the increasing part (S6) is
connected to the turning-off part (S5) and increases each
of output levels of (N - n) remaining baseband signal
producing sections of each of the first through the Q-th
baseband processing circuits 1-1 to 1-Q so thét the level
of the combined baseband signal of each of the first
through the Q-th baseband processing circuits 1-1 to 1-Q
is increased by L (dB).

In this manner, the control section 11b’
restricts the number of avai%able ones of the baseband
singal producing sections 2-1 to 2-N in order to suppress
an increase of the combined modulation signal of the
modulation signal combining circuit 13 within a range
such that intermodulation distortion of the power
amplifying circuits normally operated without occurrence
of the fallure is not deteriorated.

In the transmission device of Fig. 4, the carrier
oscillation circuits 5-1 to 5-Q have functions of
oscillating different carrier frequenciles f1l to‘fQ.

Thus, a plurality of frequencies are used as channel
frequencies.

In the above-mentioned transmission device
according to this invention, ﬁhe amplifier comprises a
plurality of the power amplification circuits to carry

out parallel amplification. Controlled by the control
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4-Q a nodul ation signal combining circuit 13, an anplifier !
‘control section 11'. The anplifier 6 is sinmlar in structurjefto the

anplifier 6 of the transm ssion device illustrated in Fig. (2. 'ImqtNms,mfe
anplifier 6 includes a distributing 25 circuit 7 (Fig. 2)} first throug
Mth power anplifying 30

section, the baseband processing circuit 1is operated so
that a transmission power of the transmission signal is
not decreased even in occurrence of a failure in at least
one of the power amplifying circuits. Thus, a service
zone is prevented from being narrowed.

More specifically, in case of occurrence of the
failure in at least one of the power amplifying circuits,
the gain of the amplifier decreases. The decrease of the
gain implies the decrease of the transmission power,
which causes the service zone to become narrow. In order
to prevent the above, the control section controls the
baseband processing circuilt so as to increase the input
power supplieq to the'amplifier. Specifically, as the
input power supplied to the amplifier is proportional to
the output power of the baseband signal producing
sections of the baseband processing circuit, it is
possible to prevent the service zone from being narrowed
by increasing the output power of the baseband signal
producing sections.

However, the increase of the input power may
deteriorate the intermodulation distortion characteris-
tics of the power amplifying circuits. This résults in
deterioration of the communication quality. 1In view of
the above, in order to prevent the increase of the
intermodulation distortion and to avoid the service zone
from being narrowed, the contfol section controllably
restricts the number of the available ones of the

baseband signal producing sections in the baseband



circuits 8-1to 8-M(Fig. 2), and a conbining circuit 9, M&“Msﬁ&n“?xesie’mm
"still another integer greater than one. Each of the basebdnd si gnar™
produci ng sections 2-1 to 2-N of each of the first throug heg@ 6\{] 97
baseband processing circuits 1-1 to 1-Q produces, as a bageband si zl? a,
processed signal given by subjecting agpredeterm ned procgsstfigy<te-=a
transm ssion data signal which is described above in Fig.L2. The
predet erm ned processing is typically a coding processing for codl Hg=

processing circuit. In this manner, the total sum of the

modulation signal power supplied to the power amplifying
circuits is kept at a level not higher than the
predetermined level. Thus, by restricting the number of
the baseband signal producing sections, the output power
per one baseband signal producing section is increased
and the increase of the input supplied to the power
amplifier is reduced. As a result, the intermodulation
distortion characteristic of the power amplifying circuit
is prevented from deterioration.

As described above, in the transmission device
according to this invention, in occurrence of the failure
in at least one of the power amplifying clrcuits, the
baseband processing circuit controlled by the control
section 1s operable to increase the input power supplied
to the amplifier which includes a plurality of the power
amplification circuits arranged to carry out parallel
amplification. With this structure, the transmission
power of the transmission signal is not decreased even in
occurrence of the failure in at least one of the power
amplifying circuits. Thus, the service zone is prevented
from being narrowed. This enables the operatioh with a
small-scale cilrcuit structure and low power consumption.
In addition, this invention is applicable not only to a
transmission device adopting a spread spectrum
communication system in which a plurality of transmission

data signals are transmlitted by the use of a single



the transni ssion data signal to produce a coded signal as the baseband
“signal in the manner which is described above. The baseband si gnal
conmbi ning section 3 of each of the first through the Qth baseband
processing circuits 1-1 to 1-Q conbi nes the baseband signals of the
baseband signal producing sections 2-1330 2-N of each of the first through
the Qth baseband processing circuits 1- 1 to 1-Qinto a conbi ned baseband
signal. The first through the Qth nodulation circuits

frequency but also to a ratio transmission device for

simultaneously transmitting a plurality of frequencies.
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4-1'to 4-Q nodul ates the first through the Qth carrier signals in response
"to the conbi ned baseband signals of the baseband signal conbining sections
3 of the first through the Qth baseband processing circuhgﬁf;t%fpp_4gf t-
produce first through Qth nodul ation signals, respectiyely.—o"“=¥5§' SHEE
33 | }
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WHAT IS CLAIMED IS:

1. A transmission device which is for use in a
base station of a mobile communication system and which
has input terminals, N in number, for receiving
transmigsion data signals, respectively, where N
represents an integer greater than one, said device
carrying out transmission of a transmission signal in
response to the transmission data signals and comprising:

a baseband processing circuit comprising baseband
signal producing sections, N in number, connected to said
input terminals, respectively, and a baseband signal
combining section; ;

a carrier oscillation circuit for producing a
carrier signal;

a modulation circuit;

an amplifier comprising a distributing circuit,
power amplifying circuits, M in number, and a combining
circuit, where M represents another integer greater than
one; and

a control section;

each of said baseband'signal producing éections
producing, as a baseband signal, a processed signal given
by subjecting a predetermined processing to said
transmission data signal;

said baseband signal éombining section being
connected to said baseband signal producing sections for

combining the baseband signals into a combined baseband

) ) 0 A



The ‘nodul ati on si gnal combining circuit 13 conbines the f

TTsn~+h+eugh*Lha~
"Qth nodul ation signals into a conbined nodul ati on si gnalj. qfﬁ@u&r“&ﬁfﬁ%ﬁﬂrn

circuit 7 of the anplifier 6 distributes the conbi ned nodulfat i on srgmat

into distributed nodul ation signals to deliver the distrib Q? %gﬂpkgﬁ
signals to the first through the Mthsagower anplifying cirgui 1

of the anplifier 6, respectively. Each of the power anpl fylug €+F-cti-t.s

to 8-M

Ao

signal;

sald modulation circuit being connected to said
carrier oscillation circuit and said baseband signal
combining section for modulating said carrier signal in
response to said combined baseband signal to produce a
modulation signal;

said distributing circuit being connected to said
modulation circuit and to said power amplifying circuits
for distributing said modulation signal into distributed
modulation signals to deliver said distributed modulation
signals to saild power amplifying circults, respectively;

each of said power amplifying circuits amplifying
said distributed modulation s%gnal to produce an
amplified signal, each of said power amplifying circuits
producing an alarm signal when a failure occurs in each
of said power amplifying circuits;

salid combining circuit beilng connected to said
power amplifying circuits for combining the amplified
signals to produce said transmission signal;

said control section being connected to said
power amplifying clrcuits and said baseband signal
producing sections for controlling said baseband signal
producing sections in response to the alarm signal from
each of said power amplifying circuits to increase a
level of said combined baseband signal so as to
compensate for a decrease in pbwer of said transmission
singal due to said failure occurred in each of said power.

amplifying circuits.

AR



anplifies the distributed nodul ati on signal to produce an

" Each of the power amnplifying circuits 8-1 to 8-M produces jan_al arm signa
when a failure occurs in each of the power anplifying cijy
in the manner described above. The conbining circuit 9 of

{ REPLACtMENT SHEET
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dui 8! BOY B 8-{m
he anplifier |6

conbines the anplified signals of the §§rst through the Mth power

anplifying circuits 8-1 to 8-Mto produce the transm ssi'‘en—s+grat—Fre—-
section 11' controls the baseband

2. A transmission device as claimed in Claim 1,
wherein said control section comprises:

decreased power calculating means connected to
said.power amplifying circuits for calculating as a
decreased power, in response to the alarm signal from
each of sald power amplifying circuits, the decrease in
power of said transmission singal due to said failure
occurred in each of said power amplifying circuits; and

controlling means connected to sald decreased
power calculating means and said baseband signal
producing sections for controlling said baseband signal
producing sections to increase the level of said combined
baseband signal so as to compensate for sald decreased
power.

3. A transmission device as claimed in Claim 2,
wherein said decreased power calculating means comprises:

detecting means connected to said power
amplifying circuits for detecting, in response to the
alarm signal from each of said power amplifying circuits,
the number m of erroneous power amplifying circuits in
which said failure occurs among sald power amplifying
circuits; and |

calculating means connected to saild detecting
means for calculating said decreased power in response to
the number m of said erroneous power amplifying circuits.

4. A transmission device as claimed in Claim 2,

whereln said controlling means comprises:

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\



sighal producing sections 2-1 to 2-N of each of the first
" baseband processing circuits 1-1 to 1-Qin response to thf
fromeach of the power anplifying circuits 8-1to 8-Mto
of the combi ned baseband signal of each of the first thro

\v
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baseband processing circuits 1-1 to 13 so as to conpensaje for a decrease

i n power of the transm ssion singal due to the failure octurteg-h—each 0f }

t he power

calculating means connected to said decreased

power calculating means for calculating, in response to

said decreased power by the use of a relationship

represented by 10 x log(n x p) = 10 x log(N x p)

- L, the

number n of baseband signal producing sections which

should be turned off among said N baseband signal

producing sections, where sald deceased power is

represented by L (dB) and where each of said power

amplifying circuits produces the amplified signal p(W)

when each of said power amplifying circuits is normally

operated without occurrence of said failure;

turning-off means connected to said calculating

means for turning off n baseband signal producing

sections among sald N baseband signal producing sections;

and

increasing means connected to saild turning-off

means for lncreasing each of output levels of (N - n)

remaining baseband signal producing sections so that the

level of sald combined baseband signal is increased by L

(dB) .

5. A transmission device as claimed in Claim 1,

wherein each of said baseband signal producing sections

produces, as sald baseband signal, sald processed signal

given by subjecting, as sald predetermined processing, a

coding processing to said transmission data signal.

6. A transmission device as claimed in Claim 1,

wherein each of said baseband signal producing sections

produces, as sald baseband signal, said processed signal

* C L M s *
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27 anplifying circuits 8-1 to 8M The control section 1% REPMQFHE@TF)SHE“T
"decreased power calculating unit 1la and a controlling unity 11b'. The
decreased power calculating unit 11 is connected to the HoverOddﬁWVﬁ?&hg
circuits 8-1 to 8-Mand cal cul ates as a decreased power, Jin_response to
al arm signal fromeach of the power andfifying circuits -1 to 8-M the
decrease in power of the transm ssion singal due to :

given by subjecting, as sald predetermined processing, a
spread spectrum processing to sald transmission data
signal.

7. A transmission device which is for use in a
base station of a mobile communication system in carrying
out transmission of a transmission signal and which
comprises:

first through Q-th baseband processing circuits,
each of which comprises baseband signal producing
sections, N in number, and a baseband signal combining
section, where Q represents an integer greater ﬁhan one
and where N representing another integer greater than
one;

first through Q-th carrier oscillation circuits
for producing first through Q-th carrier signals of
carrier frequencies different from each other,
respectively;

first through Q-th modulation circuits;

a modulation signal combining circuit;

an amplifier comprising a distributing circuit,
power amplifying circuits, M in number, and a combining
circuit, where M represents still another integér greater
than one; and

a control section;

each of'said baseband signal producing sections
of each of said first through'said Q-th baseband
processing circuits producing, as a baseband signal, a

processed signal given by subjecting a predetermined

) O ORD 1



the failure occurred in each of the power anplifying cir
"The controlling unit 11b' is connected to the decreased
unit 1lla and the baseband signal producing sections 2-1
the first through the Qth baseband processing circuits
controls the baseband signal producing3gections 2-1 to 3
first through the Qth baseband processing circuits 1-1

w-is 8-1.10 8-M

p
t

1

t
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1-Q 10 jncrefsy

the | evel

Q th basebapdopesedssy t®p a transmission data signal;

of the conbi ned baseband signal of each of the first through th

U\

said baseband signal combining section of each of
sald first through said Q-th baseband processing circuits
combining the baseband signals of the baseband signal
producing sections of each of said first through said
Q-th baseband processing circuits into a combined
baseband signal;

said first through said Q-th modulation circuits
modulating said first through said Q-th carrier signals
in response to the combined baseband signals of the
baseband signal combining sections of said first through
said Q-th baseband processing circuits to produce first
through Q-th modulation signals, respectively;

sald modulation signal combining circuit
combining said first through said Q-th modulation signals
into a combined modulation signal;

the distributing circuit of said amplifier
distributing said combined modulation signal into
distributed modulation signals to deliver said
distributed modulation signals to the first through the
M-th power amplifying circuits of said amplifier,
respectively;

each of said power amplifying circuits amplifying
sald distributed modulation signal to produce an
amplified signal, each of said power amplifying circuits
producing an alarm signal when a failure occurs in each

of said power amplifying circuits;

O g



circuits 1-1 to 1-Q so as to conpensate for the decreasedjp

“decreased power calculating unit 1la includes a detecting
carries out the above-nentioned steps Sland S2 of Fig. 3.
the detecting part (S1 and S2) is connected to the power

P
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lifying

circuits 8-1 to 8-Mand detects, in regponse to the alarm signal Tronre

of the power anplifying circuits 81 to 8 M the nunber

erroneous

hi

power anplifying circuits in which the failure occurs anong the

the combining circuit of said amplifier combining
the amplified signals of said first through said M-th
power amplifying circuits to produce said transmission
signal;

sald control section dontrolling the baseband
signal producing sections of each of said first through
said Q-th béseband processing circuits in response to the
alarm signal from each of said power amplifying circuits
to increase a level of said comblned baseband signal of
each of said first through said Q-th baseband processing
circuits so as to compensate for a decrease in power of
sald transmission singal due to said failure occurred in
each of said power amplifying circuits.

8. A transmission device as claimed in Claim 7,
wherein said control section comprises:

decreased power calculating means connected to
said power amplifying circults for calculating as a
decreased power, in response to the alarm signal from
each of said power amplifying circuits, the decrease in
power of said transmission singal due to said failure
occurred in each of said power amplifying circuits; and

controlling means connected to said decfeased
power calculating means and the baseband signal producing
sections of each of sald first through sald Q-th baseband
processing circuits for controlling the baseband signal
producing sections of each of said first through said Q-
th baseband processing circuits to increase the level of

said combined baseband signal of each of said first

RN O




.28 power anplifying circuits 8-1 to 8-M The decreased po rR éﬁ@@%éﬂTm@EET

“unit 11a further includes a calculating part which carriesout the Step

of Fig. 3. For this purpose, the calculating part (S3) is]c ngepkeg,%ﬂ%t e
ponse

detecting part (S1 and S2) and cal cul ates the decreased p rinres
to the nunber 40

through said Q-th baseband processing circuits so as to
compensate for said decreased power.

9. A transmission device as claimed in Claim 8,
wherein said decreased power calculating means comprises:

detecting means connected to said poﬁer
amplifying circuits for detecting, in response to the
alarm signal from each of said power amplifying circuits,
the number m of erroneous power amplifying circuits in
ﬁhich sald failure occurs amoné said power amplifying
circuits; and

calculating means connected to said détecting
means for calculating sald decreased power in response to
the number m of sald erroneous power amplifying circuits.

10. A transmission device as claimed in Claim 8,
wherein said contfolling means comp?ises:

calculating means connected to said decreased
power calculating means for calculating, in response to
sald decreased power by the use of a relationship
represented by 10 X log{n x p) = 10 x log(N x p) - L, the
number n of baseband signal producing sections which
should be turned off among the N baseband signal
producing sections of each of said first through said
Q-th baseband processing circuits, where said deceased
power is represented by L (dB) and where each of said
power amplifying circuits produces the amplified signal
p{W) when each of said power émplifying circuits is

normally operated without occurrence of said failure;

AT O



m-of the erroneous power anplifying circuits. The controlling unit 11
“includes a calculating part which carries out the step S4 of Fig. 3. For
this purpose, the calculating part (S4) is connected to the decreased power
calculating unit 1la and cal culates, in response to the decreased power by
the use of a relationship represented4ly 10 x log(n x p) = 10 x log(N x p)
- L, the nunber n of baseband signal producing sections which should be

turned of f anong the N baseband signal producin% sections 2-1 to 2-N of
each of the first turning-off means connected to said calculating

means for turning off n baseband signal producing
sections among the N baseband signal producing sections
of each of said first through said Q-th baseband
processing circuits; and

increasing means connected to said turning-off
means for increasing each of output levels of (N - n)
remaining baseband signal producing sections of each of
said first through said Q-th baseband processing circuits
so that the level of the combined baseband signal of each
of said first through said Q-th baseband processing
circuits is increased by L (dB).

11. A transmission device as claimed in Claim 7,
wherein each of said baseband signal producing sections
produces, as said baseband signal, sald processed signal
givén by subjecting, as said predetermined processing, a

coding processing to said transmission data signal.
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through the Qth baseband processing circuits 1-1 to 1-Q where the
"deceased power is represented by L (dB) and where each of the power
anplifying circuits 8-1 to 8-M produces the anplified signal p(W when each
of the power amplifying circuits 8-1to 8-Mis normally operated w thout
occurrence of the failure. The controlling unit 11' further includes a
turning-off part which carries out the step S5 of Fig. 3. For this purpose,
the turning-off part (S5) is connected®o the cal culating part (S4)and

turns of f PrRAEMARION DEVICE WITH LOW POWER CONSUMPTION AND WITH A
SMALL CIRCUIT SCALE
ABSTRACT
In a transmission device for use in a base station of a mobile communication
system in carrying out transmission of a transmission signal, each of a predetermined
number N of baseband signal producing sections produces a baseband signal given by
subjecting a predetermined processing to a transmission data signal.

Fig. 2




signal producing sections anobng the N baseband signal producing sections
~2-1to 2-N of each of the first 29 through the Q@ th baseband processing

“circuits 1-1 to 1-Q The controlling unit 11" still furtheg-4,nekLde ]
i ncreasing part which carries out the step S6 of Fig. 3. Fﬁ‘r#“?‘ﬁ @“ﬁﬁr‘%ﬁé@

the increasing part (S6) is
0 1 KOV 1997
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connected to the turning-off part (S5 and increases each of output
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an' i ncrease of the conbi ned nodul ati on signal
conbining circuit 13 within a range such that

of the nodul ati on signal
i nter nodul ati on di storti on of

" the power anplifying circuits nornally operated without occurrence of the
In the transm ssion device of Fig. 4,

failure is not deteriorated.
carrier oscillation circuits 5-1 to 5-Q have function
different carrier frequencies f1 to fQ Thus,
frequenci es. 34

are used as channel
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In" the above-nentioned transm ssion device according to this invention, the

anplifier conprises a plurality of the power anplification circuits to

carry out parallel amplification. Controlled by the control 30 section,

t he baseband processing circuit is operated so that a t@%pg@. L of
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# not "decreased _even-i-m occurrence of a failure in at |east one of the power

'Egkﬁﬁqgﬁﬁﬂ hus, a service zone is prevented from.being. narrowed.
AT N .

gerfically;—itn|case of occurrence of the failwrein-at-i€ast one: of
ircuits, the gain of the gnplifi‘er: decreases.: The &
mpl i es the decrease of th& t'ranshi ssion:pgadwer.;. whi4h
e to beconme narrow. In order»to;pn9vent'thegaboveLY?é
coftrols the baseband proceé%thacjrcuiLNSQ&asth;g_f,
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TRANSMISSION DEVICE WITH LOW POWER CONSUMPTION AND

WITH A SMALL CIRCUIT SCALE

S Background of the Invention:

This invention relates to a transmission device
for use in a base station of a mobile communication
system.

A transmission device of the type described is
for use in a base station of a mobile communication
system in carrying out transmission of a transmission
signal in response to a plurality of transmission data
signals. ﬂ,;i

A conveq&$gnaf”?adio transmission device of the
type may have a structure enabling simultaneous
transmission of a plurality of radio frequencies and
parallel amplification in a plurality of power amplifying
circuits. With this structure, even in occurrence of a
failure in at least one of the power amplifying circuits,
transmission power is not decreased. In this ménner, a
service zone is prevented from being narrowed. For
example, such a radio transmission device is disclosed in
Japanese Unexamined Patent Publication (JP-A) No.
37651/1994.

As will later be described, the radio

transmission device is, however, defective in that the



Jed to th anplifier. Specifically, as the input power supplied
' oportional to the output power of the baseband signal
fithe baseband processing circuit, it is possible to

produci ng sectigns. However, the increase of the
nmay deteriorate the internmddul ati on distortion characteris-
tics of the -power anplifying circuits. This results in

device is large in its circuit scale and complicated in
structure and that power consumption of the device
inevitably large.

Summary'of the Invention:

It is therefore an object of this invention to
provide a transmission device for use in a base station
of a mobile communication system, which is operable with
low power consumption and which has a small circuit
scale. |

Other objects of tnis invention will become clear
as the description proceeds.

A transmission device to which this invention is
applicable ‘is for use in a base station'of a mobile
communication system and has input terminals, N in
nunmber, for receiving transmission data signals,
respectively, where N represents an integer greater than
one. The device carries out transmission of a
transmission signal in response to the transmission data
signals.

According to thils invention, the device
comprises-'a baseband processing circuit comprising
baseband signal producing sections, N in number,
connected to the input terminals, respectively, and a
baseband signal combining section; a carrier oscillation
circuit for producing a carrier signal; a modulation
circuit; an amplifier comprising a distributing circuit,
power amplifying circuits, M in number, and a combining

circuit, where M represents another integer greater than
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Aégl ﬁ bnmmruni cation quality. In view of the above, in order
ﬁ@J nt'%&é of the internodul ation distortion and to avoid the

to prieven

servijcd zone from beifng narrowed, the control section controllably

restni dt s2 glggwusgier jof the avail able ones of the baseband signal producing
sectifjor}s in the base amnd processing_circuit. In this manner, the total
sum gf The 3

one; and a control section. Each of the baseband signal
producing sections produces, as a baseband signal, a
processed signal_giveneby subjecting a predetermined
processing to the transmission data signal. The baseband
signal combining section is connected to the baseband
signal producing sections for combining the baseband
signals into a combined signal. The modulation circuit
is connected to the carrier oscillation circuit and the
baseband signal combining section for modulating the
carrier signal in response to the combined signal £o
produce a modulation signal. The &istributing circuit is
connected to the modulation circuit and to the power
amplifying circuits for distributing the modulation _
signal into distributed modulation signals to deliver the
distributed modulation signals to the power amplifying
circults, respectively. Each of the power amplifying
circuits amplifies the distributed modulation signal to
produce an amplified signal. Each of the power
amplifying circuits produces an alarm signal when a
failure occurs in each of the power amplifying circuits.
'The combining circuit is connected to the power -
amplifying circuits for combining the amplified signals.
to produce a combined signal as the transmission signal.
The control section is connected to the power amplifying
circuits and the baseband signal producing sections for
controlling the baseband signel producing sections in
response to the alarm signal from each of the power

amplifying circuits to increase a level of the combined



el

A 3

power anplifier is reduced. As a result, the

signal so as to compensate for a decrease in power of the
transmission singal due to the failure occurred in each
of the power amplifying circuips.

| A transmission device to which this invention is
applicable is for use in a base station of a mobile
communication system in carrying out transmission of a
transmission signnl.

According to this invcntion, the device
comprises: first through Q-th baseband processing
circuits, each of nhich comprises baseband signal
producing sections, N in number, and a bascband signal
combining séction, where Q represents an integer greater
than one and where N fepresenting another integer greater
than one; first through Q—th carfier cécillation cifcuits
for producing first through Q-th carrier signals of
carrier frequencies different from each other,
fespectively; first through Q~th modulation circuits; a
modulation signal combining circuit; an amplifier
comprising a distributing.circuit, power amplifying
circuits, M in number, and a combining circuit, where M
represents.still another integer_greater_than One, and 5
control section. Each of the baseband signal producing
sections of each of the first through the Q-th baseband
processing circuits produces, as a baseband signal, a
processed signal given by subjecting a predetermined
processing to a transmission aata signal. The baseband
signal combining section of each of the first through the

0-th baseband processing circuits combines the baseband

tRQWASH@ﬁﬁIbEBEEr supplied to the power anplifying circuits is kept
Tgher] than the predeterm ned | evel. Thus, by restricting

f‘@\g?ﬁas band signal produci ng sections, the out put power per
_ gnal’ ptoduci ng section is increased and the increase of the

dul at i on dlstortlon characteristic of the power anpllfylng circuit
eterioration. As described above, in the transm ssion
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(ﬂﬂﬁ@LAGEMHNTSSHHﬂértion, in occurrence of the failure in at |east one

anmpriTyijnd circuits, the baseband processing circuit

e
?Ile?gb¥9éh§%go trjol section is operable to increase the input power

| 'iff ijer which includes a plurality of the power
slarranged to carry out parallel anplification. Wth

structure, the trgnsm ssion power 2of the transmi ssion signal is not

decr eased evem I OCCU'rence of the failure in at | east one of the power
anpl i fying gkgcu hus vi,ce _zone b%cqrevent

s of the base an signal pro ng sec% ons of each
of the first through the Q-th baseband processing
circuits into a combined baseband signal. lThe first
through the Q—th modulation circuits modulates the first
through the Q-th carrier signals in.response to the
combined baseband signals of the baseband signal
combining sections of the first through the Q-th baseband
processing circuits to produce first through Q-th
modulation signals, respectively. The modulation siénal
combining cifcuit combinés the first through the Q-th
modulation signals into a combined modulation signal. '
The distributing circuit of the amplifier distributes the
combined modulation signal into distributed modulation .
signalé to deliver the distributed modulation signals to
the first through the M-th power amplifying circuits of
the amplifier; respectively. Each of the power
amplifying circuits amplifies the distributed modulation
signal to produce an amplified signal. Each of the power
amplifying circuits produces an alarm signal when a
failure occurs in each of the power amplifying circuits.
Thé.cqmbiﬁing'éifcuit-of'the émplifier'éohbines;the" |
amplified signals 6f the first through ihe M—th.power
amplifying circuits to produce the transmission signal.
The control section controls the baseband'signal
producing sections of each of the first through the Q-th
baseband processing circuits in response to the alarm
signal from each of the power amplifying circuits to

increase a level of the combined baseband signal of each



frbn1b%$ﬂﬁ¥m%F@Bﬁ§EET Thi s enabl es the operation with a small-scale circuit
strugt  consunption. In addition, this invention is

ag?%; a transm ssion device adopting a spread spectrum

coj ih which a plurality of transm ssion data signals are
tr§n< of a single %2

of the first through the Q-th baseband processing
circuits so as to compensate for a decrease in power of
the transmission singal due to the failure occurred in
each of the power amplifying circuits.

Brief Description of the Drawing:

Fig. 1 is a block diagram of a conventional radio
transmission device;

Fig. 2 is a block diagram of a transmission
device according to a first embodiment of this invention;

Fig. 3 is a flow chart for describing operation
of a control section in the transmission device
i1llustrated in Fig. 2; and

Fig. 4 is a block diagram of a transﬁission device

according to a sscond embodiment of this invention.

Description of the Preferred Embodiments:

Referring to Fig. 1, description will be made as
regards a conventional radic transmission device for a
better understanding of this invention. The radio
transmission device is equivalent to the conventional
radio transmission device which is described in the
‘preamble df”théfinsiant”specification_aﬁa which is
disclosed in the above-referred Japanese Unexamined
Patent Publication (JP-A) No. 37651/1994,

The radio transmission device includes a
plurality of modulators 101-1 through 101-3 each of which
is supplied with an input sinéal; a combiner 102 for
combining modulator outputs, a common amplifier 103

having a transmission antenna 104, and a control circuit



fr qEEﬁé&EMﬁﬁTeﬁﬂgtho a ratio transm ssion device for sinultaneously

trangmiting a plurality of frequencies. 33 WHAT IS CLAIMED I S: 1.

trédngm

co ni'cation syst/{

Mhich is for use in a base station of a nobile
mand whi ch has input terminals, Nin nunber, for

i C
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r eqeibv-rg
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105 for controlling modulation of the modulators 101-1
and 101-3 and a gain of the common amplifier 103.

The common amplifier 103 includes a first
switching circuit 111, a first attenuator 112, a second
attenuator 113, a second switching circuit 114, a
distributing circuit 115, power amplifying circuits 116-1
through 116-4, and a combining circuit 117. The control
circuits 105 produces control signals for use in
controlling on/off of the modulator outputs of the
modulators 101-1 through 101-3 and control signéls for
use in controlling switching of the first switching
circuit 111 and the second switching circuit 114 in the
common amplifier 103. In case of emergency such as the
occurrence of a failure in each of.the power amplifying
circuits 116-1 through 116-4, the control circuit 105 is
supplied as a feedback input with an alarm signal from
each of the power amplifying circuits 116-1 through 116-4
in the common amplifier 103.

In the radio transmission device described.above,
the modulation signals are supplied to the modulators
10141 thf6ugh_iO1+3, ;espectiﬁeiy,:'Iﬁ the mddulators
101—1lthrough iOi—3, carrier freéuencies fl.thfough £3
are modulated by the input signals to produce modulation
outputs, respectively. The modulation outputs are sent
to the combiner 102. The combiner 102 produces a
combined signal which is deliﬁered to the common
amplifier 103. The common amplifier 103 produces an

amplifier output which is sent to the antenna 104.



P Sih9 e ibnals,_respectiyely, where N represents an integer
g eal $w9ﬁ:§ﬁ€ﬂ ald device carrying out transm ssion of a transm ssion
signal in respongeftd the transm ssion data signals and conprising: a
asieb3ddNpYaeez si(n Circuit conprising baseband signal producing sections,
iin_nunber, connedtéd to said input termnals, respectively, and a
o
e

aseband signal ining section; a carrier oscillation circuit for
ducing a carri éignal

- Specifically, the output of the combiner 102 is

delivered to the first switching circuit 111. The first
switching circuit 111 selectively de;ivers the output to
a selected one of the first attenuator 112 and the second
attenuator 113. Either one of the output of the first
attenuator 112 and the output of the second attenuator
113 is supplied to the second switching circuit 114. The
second switching circuit 114 supplies a selected one of -
the outputs to the distributing circuit 115. The
distributing circuit 115 distributes the output into four
to be delivered to the power amplifying circuits 116-1
through 116-4, respectively. 1In a normal transmitting .
operation, the combined signal from the combiner 102 is
selected by the first switching circuit 111 and delivered
to the first attenuator 112. In this event, the first
attenuator 112 attenuates the combined signal, for
example, by Y1l dB. The power amplifying circuits 116-1

- through 116-4 produces amplified outputs to be supplied
to the combining circuit 117. The combining circuit 117
produces a combined transmission output to be delivered
to the transmission antenna 104. As described above,
éach of-the power amplifying éircuits 116—i.thf6ﬁ§h 115-4
produces the alarm signal when the failure occurs in each
of the power amplifying circuits 116-1 through 116-4.
The alarm signal serves to announce occurrence of the
failure in any one of the powér amplifying circuits 116-1

through 116-4.



a[% meredt; an anplifier conprising a distributing circuit, power
QL@Tr%ﬁﬁﬁﬁs Min nunber, and a conbining circuit, where M
presents andTh nteger greater than one; and a control section; each of
;1 WW@ al producing sections producing, as a baseband signal, a
I ¥ven by subj ecting agpredeterm ned processing to said

si gnal ;

o¢essed si gnal

In the above-described radio transmission device,
the common amplifier 103 produces an output of P (watts)
per single frequency and delivers a transmission power of
K x P (watts) when K radio frequencies are used. Each of
the power amplifying circuits 116-1 through 116-4
produces the alarm signal when its gain becomes equal to
or lower than a predetermined level. In case where the
failure occurs in any one of the power amplifying _
circuits 116-1 through 116-4 and its amplified outpui. is
turned off, the combining circuit 117 produces a loss X
dB which decreases the combined transmission power. At
this time, the control circuit 105 controls the first
switching circuitilllland the second switching circuit
114 to make the comoined signals from the combilner 162
pass through the second attenuator 113. The second
attenuator 113 has an attenuation level Y2 dB smaller
than the attenuation level Y1 dB of the first attenuator
112. As a result, the distributor 115 is supplied with
an input level which is increased by (Y2 - Y1) dB. Under
the condition selected so that the relationship
represented by X. Yl - Y2 is held, the combined
transmission output from the combining circuit 117 is
kept unchanged so that the transmission power of a
prescribed level is delivered from the transmission
antenna 104.

. In the above-mentioned condition, however, the
distributed input signal level supplield to each of the

power amplifying circuits 116-1 through 116-4 is



sai & lpapeReaMENT eﬁﬁﬂ‘ onbi ni ng section being connected to said baseband
si gnal ~prodguctng~segt ijons for conbi ning the baseband signals into a

conbj n
saidjc

on circuit and said baseband signa

ed _ba 34 signal; said nodulation circuit being connected to
T 2UERERERE7 4
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increased. This may result in an increase of the
intermodulation distortion in the power amplifying
circuits 116-1 through 116—4. Therefore,-the control
circuit 105 controls any of the modulators 101-1 through -
101-3 to stop the modulation output in order to decrease
the number of the input frequencies supplied po the
common amplifier 103. For example, the control circuit
105 carries out control so that the relationship givep_by
X = 10‘x log(K/R) 1s held, where R représents the nuﬁber
of radio frequencies to be used after occurrence of the
failure in any of the power amplifying circuits 116-1
through 116-4. |
There are;vafious known techniques related to
such a communication systém comprising amplifying |
sections in a parallel operation arrangement and having
an alarm producing function. For example, Japanese
Unexamined Patent Publication {(JP-A) No. 169442/1981
discloses a parallel operation circuit of a heterodyne
repeater. Japanese Patent Publication (JP-B) No.
48702/1991 discloses an automatic gain control device for
é'télevision félayIbroadEastiﬁéfdevicé with'ba:éilél _ o
operation power ampiifiers. JapéneSé Uhéxamiﬁea Paﬁent
Publication (JP-A) No. 304429/1993 discloses paralle;
operation amplifiers and a failure detecting circuit
therefor.
In order to keep the éntenna output constant upon
occurrence of the failure in the power amplifying

circuit, the above-described radio transmission device



A ctl@nr flor nodul ating said carrier signal in response to said
EEPE@QQ ? E'“’ ignal to proguce a nndulationgsignal; san di stributing
rlcui t belng conngcted to said nodulation circuit and to said power

i i @i HOYCRIZ U for distributing said nodul ation signal into
j sk ri but ed nodul{at}i on signals to deliper said distributed nodul ation
ghals to said poder anplifying circuits, respectively; each of said power
Lifying circuits—anplifying said di stributed modul ation signal to
produce anhas a structure such that the attenuation level of the

—+

carrier modulation signals is variable by the use of a
plurality of the switching circuits and the attenuation
circuits to which the combined signal of the carrier
modulation signals is supplied. Furthermore, in order to
" enable the attenuation level to be variable- when the
'“carrier modulation signal has a frequency on the order of
several hundreds MHz or more, switching units or
.attenuators of a coaxial type must be used as the
switching circuit.andlthe'attenuation circuit,
respectivel&. This results in a disadvantage that the
device i1s large in its entire scale and complicated in
structure._ i
Moreover, even when all of the power amplifying
circults are normally operated, it is necessary io keep a
high output power of each modulator in preparation for
the failure in the power amplifying circuilts.
Specifically, even in the normal state, the modulator
output should be increased by (Yl dB + attenuation
through the first switching circuit + attenuation through
the second switching circuit) dB. This brings about a
corresponding increase in power consumption of-the
modulator. As a result, the power consumption of the
device inevitably becomesllarge.
This invention provides a transmission device for
use in a base station_of a mobile communication system,
which is operable with a low power consumption and which

has a small circuit scale.
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si gnal

for] do

s

ch of said power anplifying circuits producing an al arm

mhenua“fail r¢ occurs in each of said power anplifying circuits;
saild lcop#i WOV r ¢uilt being connected to said power amplifying circuits
nhi ning the anplified signals to produce said transm ssion signal

saild

ontrol section|being connected ti® said power anplifying circuits and

saild--basehand si gnal-lproduci ng sections for controlling said baseband

§Lgnal

produci ng sections in response to the alarmsignal from

Turning to Fig. 2, description will proceed to a .
transmiésion device according to a first embodiment of.
this invention. The transmission device is for use in a
base station BS of é mobiie communication syéteﬁ.
including mobile stations (not shown) which communicate
with the base station BS. The transmission device hés
first through N-th input terminals 106-1 to 106-N for
recelving transmission data signals, respectively, where
N represents an integer greater than one. The

transmission device carries-out transmission of a

-transmission signal through a transmission antenna 10 to

the mobile stations in response to the transmission data
signals. '
The transmission devicé includes a baseband -
processing circuit 1 which has first through N-th
baseband signal producing sections 2-1 to 2-N connected
to the input terminals 106-1 to 106-N, respectively, and
a baseband signal combining section 3. The transmission
device further includes a carrier oscillation circuit 5
for producing a carrier signal having a radio channel
frequency of, for example,_SOOMHz,'a modulati@n circgit4,
an amélifier 6, and a COnirol-sectidh 11. fhe ;mplifief
6 includes a distributing circuit7, first through M-th
power amplifying circuits 8-1 to 8-M, and a combining
clrcuit 9, where M represents another integer greater
than one. .

Each of the baseband signal producing sections 2

(suffixes omitted) produces, as a baseband signal, a




a%h Of © SahB pomer anplifying circuits to increase a |evel of said conbined

a$eband S|gnal solas to conpensate for a decrease in power of said

n% gqum@$r@a due to said failure occurred in each of said power
lifying circukt 35 A transm ssion device as clained in daiml,
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processed signal given by subjecting a predetermined
processing to the transmission data signal. The
predetermined processing is typically a coding
processing. On carrying out the coding processing, each
of the baseband signal producing sections 2 produces, as
the baseband signal, a coded signal given by coding the
transmission data signal. The coding processing further
includes addition of error correction codes, interleave,
addition of patterns required upon communication, ane
signal processing adapted to a modulation system of the
modulation circuit 4. Alternatively, the predetermined
processing is a spread spect:um processing. In this
case, each ?f the baseband signal producing sections 2
produces, aslthe baseband signal, the'proceseed signal
given by subjecting, as the predetermined processing, the
spread spectrum processing to the transmission data
signal. That is, the baseband signal producing sections
2 carry out the spread spectrum processing on the
transmission data signals on the basis of the spreading
codes, respectively, which are different from one
'another.--' | - .
Connected to £he beseband signal producing
sections 2, the baseband signal combining section 3
combines the baseband signals into a combined baseband
signal.
The modulation circuit 4 is connected to the
carrier oscillation circuit 5 and the baseband signal

combining section 3 and modulates the carrier signal in



section conprises: decreased power cal cul ati ng neans
pwer anplifying circuits for calculating as a decreased
o the alarmsignal fromeach of said power anplifying

=4 epse in power of said transm ssion singal due to said
ilure occurred in|leach of said powet4anplifying circuits; and controlling
sai d decreased power cal cul ati ng neans and sai d baseband

signal producing sections for controlling said baseband si gnal
response to the combined baseband signal to produce a

modulation signal.

The distributing cilrcuit 7 is connected to the
modulation circuit 4 and to the powéf amplifying circuits
8 (suffixes omitted) and distributes the modulation |
sigﬁal into distributed modulation signals to deliver.the
distributed modulation signals to the power amplifying

" circuits 8, respectively.

Each of the power amplifying circuits 8'amplifies
the distributed modulation signal to produce an amplified
signal. Each of the power amplifying circuits 8 further
produces an alarm signal when a failure occurs in each of
the power amblifying circuits 8. Each of the power.
amplifying circuits 8 detécts the failure to produce the
alarm signal when a gain of each of the power amplifying
circuits 8 is equal to or lower than a predetermined
value as a result of comparison of a power of the
distributed modulation signal supplied thereto with
another power of the amplified signal supplied therefrom.
For example, the predetermined value of the gain at which
the_a;arm signal is_prgduced due to deqreasg,of a.-
nieasured gain is'éeiected £o;be éﬁu&l'tﬁ or lower than
50% of the gain in a normal state of each of the power
amplifying circuits 8.

Connected to the power amplifying circuits 8, the
combining circuit 9 combines the amplified signals to

produces the transmission signal.




IUUuu1n? seeti-eng to increase the |evel of said conmbi ned baseband signal
s RERBAGE: téﬁnﬁ%dgate for said decreased power. 3. A transm ssion device as
clalned m~Craim 2, wherein said decreased power cal cul ati ng neans
canps ﬁ v ? egtijng means connected to said power anplifying circuits for
det ect| g response to the alarm sikfnal fromeach of said power
ammpt+y-ng—eiedi s, the nunber m of erroneous power anplifying circuits in

whi ch said failur¢ occurs anong said power anplifying
T The control section 11 is connected to the power

amplif&ing circuits 8 and the baseband signal producing
sections 2. The control section 11 controls the baseband
signal producing sections 2 in response to the alarm
signal from each of the power amplifying circuits 8 to
increase a level (or an amplitude) of the combined
baseband signal so as to compensate for a.decrease in
power of the transmission singal due to the failure
occurred in each of the power amplifying circuits 8. For
this purpose, the control section 11 delivers to each of
the baseband signal producing sections 2 a control signal
for controlling an amplitude of the baseband signal.

The control section 11 includes a decreased power
calculating unit lla and a controlling'unit 11b. The
decreased power calculating unit lla is connected to the
power amplifying circuits 8 and calculates as a decreased
power, 1in response to the alarm signal from each of the
power amplifying circuits 8, the decrease in power of the
transmission singal due to the failure occurred in each
of the power amplifying_circuits 8. The controlling unit

. _11b is connected to the decreased power calculating unit
1la and the baseband signal producing sections 2 and
controls the baseband signal producing sections 2 to
increase the level of the combined baseband signal so as
to compensate for the decreased power.

The decreased power calculating unit lla includes
a detecting part which carries out steps S$1 and S$2 (later

described) in Fig. 3. The detecting part (S1 and S2) is
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connected to the power amplifying circuits 8 and detects,
in response to the alarm signal from each of the power
amplifying circuits 8, the number m of erroneous power
amplifying circuits in which the failure occurs among the
power amplifying circuits 8.

The decreased power calculating unit lla further
includes a calculating part which carries out a step s3
(later described) in Fig. 3. The calculating part (S3)
is connected to the detecting part (S1 and S2) and '
calculates the decreased power in response to the number
m of the erroneous power amplifying circuits. -

The controlling unit 11b includes a calculating
part which carries out a step S4 (later described) in
Fig. 3. The calculating part (S4) is connected to the
decreased power calculating unit 1lla and calculates, in
response to the decreased power by the use of a
relationship represented by 10 x log(n x p) = 10 x log(N
X p) - L, the number n of baseband signal producing
sections which should be turned off among the N baseband
signal producing sections 2, where the deceased power is
"represented by L (dB) and where each of the power |
amplifying circuits produces the amplified signal p{(W)
when each of the power amplifying circuits 8 is normally
operated without occurrence of the failure.

The controlling unit 11b further includes a
turning-off part which carries out a step S5 (later
described) in Fig. 3. The turning-off part (S5) is

connected to the calculating part (S4) and turns off n
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cal +ng-rreans - ornected to said decreased power cal cul ati ng means for
cal 2 ﬁ egpdnse to said decreased power by the use of a
relatlo Qvf@% eqented by 10 x log(n x p) = 10 x log(N x p) - L, the
nu d{signal producing sections which should be turned off

si gnal producing sections, where said deceased power
dB) and where ead of said power anplifying circuits
produces the anplified signal p(W when each of said power anplifying

circuits is normally
- baseband signal producing sections among the N baseband

signal producing sections 2.

The controlling unit 11b still further includes .
an increasing part which.carries out a step SS (later
described) in Fig. 3. The increasing part (S6) is
connected to the turning-off part (S5) and increases each
of output levels of (N - n) remaining baseband signal
producing sections so thet the level of the combined'
baseband-signal is increased by L (dB).

Thus, the control section 11 restricts the number
of available ones of the baseband signal producing
sections 2 in order to suppress an increase of the
modulation signal of_ihe modulation circuit 4 within a
range such that intermodulation distortion of the pewer
amplifying circuits normally operated without occurrence
of the failure is not deteriorated.

Each of the baseband signal producing sectlions 2
has functions of varying ;he amplitude of the baseband
signal and turning off the production of the baseband
signal in response to the control signal supplied from
'the control section 11, This function of varying the-
amplitude of the baseband signal for each transmission
data signal makes it possible to vary the input power'of
each transmission data signal supplied to the amplifier
6.

As the gain of the amplifier 6 in the normal
state is constant, the output poper of each transmission

data signal delivered from the transmission antenna 10
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i d conbi ned basebpnd signal is increased by L (dB)
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can be varied. For example, when the output of the.
baseband signal producing section 2-1 is increased to
twice in terms of the power level, the input supplied to -
the amplifier 6 increases by 34B. As a result, £he
output power modulated by the output of the baseband
signal producing section 2-1 will be increased by 3dB at
the output of the transmission antenna 10.

The baseband signal producing sections 2 are
implemented by digital signal processing, such as'DSé
(digital signal processor) or ASIC. On the other hand,
the baseband signal combining section 3 is implemented by
digital signal Brocessing such as DSP or ASIC. When the
modulation circuit 4 edopts.orthogonal modulation as the
modulation eystem, £he baseband signal combining section
3 delivers the combined baseband signal having an I
component end a Q component to the modulation circuit 4.
- ~The amplifier 6 outputs P(W) per one transmission
data signal, and outputs P x N (W) when the transmission
data signals, N in number, are used. The amplifier 6 is
excellent in linearity to suppress the distortion in
'output down to a predetermined 1eve1 or less,’ end has lo&d
power consumption. Specifically, the amplifier has a
structure such that the M power amplifying circuits 8,
operated in parallel, and has a function such that the
phase characteristic of the modulation slgnal passing
through each circuit is made ﬂo coincide with a specific
value within a predetermined range. With the above-

mentioned function of the power amplifying circuits 8,



b. REPAALTARETicssi onf device as clainmed in Caim1, wherein each of said
bageband-sighal- jprioduci ng sections produces, as said baseband signal, said
hr pces S&BFE@ ali gi ven by subjecting, as said predeterm ned processing, a
:ojiﬁ’gf C in 0 said transm ssion data signal. 6. A transm ssion

Hevi ' n Claim1, wherein gch of said baseband si gnal

roduci ng sections} produces, as said baseband signal, said processed signal

the-éigtfibuting circuit 7, and the combining circuit 9,

it 1is possible to produce the transmission signal having

.a reduced loss so that low power consumption is achieved.
The distributing éircuit 7 or the combining circﬁit 9 can
be implemented, for example, by a Wilkinson distributing

circuit or a Wilkinson combining circuit.

In the transmission device for use in a mobile
communication system, it is assumed that, when the power
amplifying circuits 8 are normally operated, each of-the
baseband signal producing sections 2 has output power p
(W), the amplifier 6 has a gain G (dB), and the
modulation circuit 4 has a gain'g (dB) in order to keep
the transmission powei of P (W) per one transmission data
signal. ﬁerein, the relationship given by G = 10 x
log(P/p) - g is held.

Tugping to Fig. 3, description will proceed to
operation of the control section 11 of Fig. 2. At first,
the controi section 11 Jjudges whether or not the power
amplifying circuits 8-1 to é—M are normal (step S1). If
the result shown they are normal, the operation returns
to tﬁé-upstrgémnof the:quging stép (step Sif to | |
éontinuﬁﬁsly moﬁiﬁor the.power aﬁplifying circuits 8-1 to
8-M.

On the other hand, unless they are normal, it is
indicated that an error occurs in any of the power
amplifying circuits 8-1 to 8M: Then, detection is made
of the number m of erroneous ones of the power amplifying

circuits 8-1 to 8-M (step S2). Thereafter, calculation
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7ng,t@&=-ii3ﬁsub "éClI ng, as said predeterm ned processing, a spread spectrum
rﬂg“fo saﬂd transm ssion data signal. 7. A transm ssion device which
& éﬁ}jlﬁgﬁ ade station of a nobile comunication systemin carrying
&n ssion loff a transm ssi on signal and which conprises: first
~Baseband processing ci rcu%s

outit

is made of a gain attenuation level L dB in the amplifier
6, which level is uniquely determined by the number m of
;he erroneous power amplifying circuits (step S3).

Sﬁbsequently, the control section 11 calculates,
as the number uniquely determined by the gain attenuation
level L. dB of the amplifier 6, the number n of those
baseband signal producing sections whose outputs should
be turned off (step S4). Then, the outputs of the n
baseband signal producing sections are turned off (siep
S5) . |

The number n of those baseband signal producing
sections whose outputs should be turned off can be
calculated by the use of the relationship represented by
10 x.log(n'x p) = 10 x log(N x p) - L. In the control
operation of turning off the outputs of the n baseband
signal producing sections (step 85), particular ones of
the baseband signal producing sections which are not
supplied with any transmission data signal are
preferentially turned off. It is supposed that the’
number of the baseband signal producing sections without
any transmission data signal supplied thereto is less .
than n. In this event, the control operation is carried
out in such a manner that the outputs are successively
turned off from those baseband signal producing sections
to which the input of the transmission data signals has
been finished. The above—menﬁioned control operation
serves to prevent the transmission data signal in use

from being forcedly interrupted.
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nal conbi ning section, where Q represents an integer
great er than on nd where N representing another integer greater than one;
Flrst;NEwugbyQ- carrier oscillation circuits for producing first through
Dt h carrier nal s of carrier frequencies different fromeach other,

[ eSpecti Very, Tlrst t hrough Q th noduRation circuits;

After the step of turning off the outputs of the
n baseband siénal producing sections (step 85), the
outputs of the rehaining baseband signal producing
sections (N'— n), in number, except the baseband signsl
producing sections having been turned off in the
preceding step are increased by L dB (steé S§6). By this
operation, the transmission power of the output signals
produced form the (N - n) baseband signal producing
sections is kept unchanged at P(W) which is the output
power delivefed from the transmission antenﬁa 10 before
the failure occurs in the m power amplifier circuits.

As described above, in the transmission device
for use in a mobile cémmunicapion system illustrated in
Fig. 1} it is possible to sompensate, by increasing the
outputs of the baseband signal producing sections by L
dB, the decrease L dB of the transmission power caused by
the attenuation in gain of the amplifier 6 when the m
power amplifier circuits are failed.

When four power amplifying circuits 8-1 to 8-4
_are normal in the above—described transmission device for

- use in a mobile communication system ‘each of the sixteen
baseband signal producing sections 2-1 to 2-16 has output
power of 0.1(W), the amplifier 6 has a gain of 10 (dB),
and the modulation circuit 4 has a gain of 0 (dB) so as
to keep the transmission power 1 (W) per one transmission
data signal. In this event, the control section 11
judges whether or not the power amplifying circuits 8-1

to 8-4 are normal and, in case of occurrence of an error
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3I section; each of said baseband signal producing sections
st through said Qth baseband processing circuits

pr oduci ng,

as a bagseband signal, a prd@¥essed signal given by subjecting a
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in any one of the power amplifying circuits 8-1 to 8-4,
detects the number of the erroneous ones of the power
amplifying circuits 8-1 to 8-4.

'It-is'suppbsed here that the power amplifying
circuit 8-1 is failed. Then, calculation is made of the
gain attenuation level L dB of the amplifier 6 caused by
the failure in the single power amplifier circuit 8-1
(herein, L dB = 3 dB). The control section 11
calculated, as the number uniquely determined by the gain
attenuation level L dB of the amplifier 6, the number n
of those baseband signal producing sections whose outputs

should be turned off. Then the outputs of then baseband

signal producing sections are turned off. Thus, the gain

attenuation level of 3 @B is caused in the amplifier 6
due to the failure in the single power amplifying circuit
8-1. On the other hand, the number of baseband signal
producing sections 2-1 through 2-16 is equal to sixteen.
In this event, the number n of those baseband signal
producing sections whose outputs should be turned off is
equal to eight. B _ _

“In the control operation of turning off.the
outputs of the eight baseband signal producing sections,
particular ones of the baseband signal producing sections
which are not supplied with any transmission data signal
are preferentially turned off. It is.supplied that the
number of the baseband signal-producing sections without
any transmission data signal supplied thereto is less

than eight. 1In this event, the control operation is

ﬁﬁﬂlﬂ%&acam siggmal conbining circuit; an anplifier conprising a
[rIDULrng bir‘u t, power anplifying circuits, Min nunber, and a
g%ﬁﬁgfg , fwhere Mrepresents still another integer greater than
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céffi;d out in such a manner that the outputs are
successively turned off from those baseband sibnal
producing sections to which the input of the transmission
data signals has beéh finished. The above-mentioned
operation is continued until the number of the baseband
signal préducing section whose outputs of the baseband
signals have been turned-off is counted up to eight.

After the outputs of the eight baseband signal
producing'sections are turned off, the control sectién 11
increases, by L dB, the outputs of the (N - n) baseband
signal producing sectionS"except'the baseband signals |
producing sections which have been turned off. Herein,
gight (16 - 8) baseband signals producing sections are
operable. The outputs of these eight baseband éignal
producing séctions are increased by 3 dB corresponding to
0.2 (W). |

By this operation, the transmission power of the
output signals produced from the eight baseband signal
producing sections is kept unchanged at 1 (W) which is
the output power delivered £from the transmission antenna
lp,beforé the failure_occﬁrs in the sihgié.poﬁer |
émplifiér circﬁii 8A. This megns thét the incféése of
the outputs of the baseband signal producing sections by
3 dB can compensate the decrease 3 dB of the transmission
power caused by the gain attenuation in the amplifier 6
when the single power amplifief circulit 8A is failed.

Turning to Fig. 4, description will proceed to a

transmission device according to a second embodiment of
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s SHandC e alcttshild first through said Qth nodulation circuits

ating sard filrsit through said Qth carrier signals in response to the
Qq;ﬂ@ﬁeﬁ@pd sijgnal s of the baseband signal conbining sections of said

through sai d t h baseband processing circuits to produce first
obgh—&-t-h—nodut-atf on signals, respeg I vely; said nodul ati on signal

ircuit copnbining said first through said Qth nodul ation signals
I ned nodul ati on signal;

this inventlion. The transmission device is also for use

C
nmo

in a base station BS of_the mobile communication system
in carrying out transmission of a transmission signal
through a transmissicn antenna 10 to mobile Stations (not
shown) like the transmission device illustrated in
Fig. 2.

The transmission device includes first through
Q-th baseband processing circuits 1-1 to 1-Q, where Q
represents an integer greater than one. -Each of the.
first through the Q-th baseband processing circuits 1-1
to 1-Q is similar in structure to the baseband processing
circuit 1 of the transmission device illustrated in Fig.
2. That is, each of the first through the Q-th beseband
processing circuits 1-1 to 1-Q includesibaseband signal
producing sections 2-1 to 2-N (Fig. 2) and a baseband
signal combining section3 (Fig. 2), where N representing
another integer greater than one.

The transmission device further includes first
through Q-th carrier osclllation circuits 5-1 to 5-Q
which produces first through Q-th carrier signals of

_ carrier frequencies f1 to fQ different from each other,;:

respectively. The transmission device still further
includes first through Q-th modulation circuits 4-1 to
4-Q, a modulation signal combining circuit 13, an
amplifier 6, and a control section 11°'.

The amplifier 6 is sinilar in structure to the
amplifier 6 of the transmission device illustrated in

Fig. 2. That is, the amplifier 6 includes a distributing
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durafrﬁﬁ‘SIQnalxlrto di stributed nodul ation signals to deliver said
g gaén$ | atilon signals to the first through the Mth power

|ﬁ of said anplifier, respectively; each of said power

oduce an anplified

-fulna D-rﬁuLf ‘anplifying sai d dégtributed nodul ati on signal to

signal, each of Id power anplifying circuits

produttng—amatarmrsi gnal when a failure occurs in-each

circuit 7 (Fig. 2), first through M-th power amplifying
circuits 8-1 to 8-M (Fig. 2), and a combining circuit 9,
where M represents still another integer greater than
one.

Each of the baseband signal producing sections
2~-1 to 2-N of each of the first through the Q-th baseband

processing circuits 1-1 to 1-Q produces, as a baseband

" signal, a processed signal given by subjecting a

predetermined processing to a transmission data signhl
which is described above in Fig. 2. The predetermined
processing is typicaily a coding processing for coding
the transmission data signal to produce a coded signal as
the baseband signal in the manner which is described
above. |
. The baseband signal combining section 3 of each
of the first through the Q-th baseband processing
circuits 1-1 to 1-Q combines the baseband signals of the
baseband signal producing sections 2-1 to 2-N of each of
the first through the Q-th baseband processing circuits 1-
1 to 1-Q into a combined baseband signal.

. The first through the Q th modulation circuits' 
4-1 to 4-0Q modulates the first through the Q-th carrier
signals in response to the combined baseband signals of
the baseband signal combining sections 3 of the first
through the Q-th baseband processing circuits 1-1 to 1-Q
to produce first through Q—th.modulation signals,

respectively.
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The modulation signal combining circuit 13
combines the first through the Q-th modulation signals
into a combined modulation signal.

The distributing circuit 7 of the amplifier 6
distributes the combined modulation signal into
distributed modulation signals to deliver the distributed
modulation signals to the first through the M-th power
amplifying circuits 8-1 to 8-M of the amplifier 6,
respectively. ‘

Each of the power amplifying circuits 8-1 to 8-M
amplifies thé distributed modulation signal to produce an
amplified signal. Each of the power amplifying circuits
8-1 to 8-M produces an alarm signal when a failure occurs
in each of the powef aﬁplifying circuits.s—l to 8-M in

"the manner described above.

The combining circuit 9 of the amplifier 6
combines the amplified signals of the first through the
M-th pover amplifying circuits 8-1 to 8~-M to produce the
transmission signal.

The control section 11' controls the baseband

" signal producing sections 2-1 to 2-N of each of the -first -
through the Q—th‘baseband proéessing circuits 1;1 to 1-Q
in response to the alarm signal from each of the power
amplifying circuits 8-1 to 8-M to increase a level of the
combined baseband signal of each of the first through the
Q-th baseband processing éircﬁits 1-1 to 1-Q so as to
compensate for a decrease in power of the transmission

singal due to the failure occurred in each of the power
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ojcqnpensate for a decrease in power of said transm ssion

flailure occurred in.,each of said power anplifying

8. A trangm ssion device asgglained in daim7, wherein said

amplifying circuits 8-1 to 8-M.

The control section 11' includes a decreased
power calculating unit 1lla and a controlling unit 11b°'.
The decreased power calculétihg ﬁnit'll is:connected to
the power amplifying circuits 8-1 to 8-M and calculates
as a decreased power, in response to the alarm signal
from each of the power amplifying circuits 8-~1 to 8-M,
the decrease in power of the transmission sihgal due to
the failure occurred in each of the power amplifyin§

circuits 8-1 to 8-M. The controlling unit 11b' is

‘connected to the decreased power calculating unit 1la and

the baseband signal producing sections 2-1 to 2-N of each
of the first through the Q-th baseband processing
circuits 1-1 to i-Q and controls the baseband signal
producing sections 2-1 to 2-N of each of the first

through the Q-th baseband processing circuits 1-1 to 1-Q

to increase the level of the combined baseband signal of

each of the first through the Q-th baseband processing
circuits 1-1 to 1-Q so as to compensate for the decreased

power.

. The decreased power calculating unit 1la includes B

a detecting part which carries out the above-mentioned
steps Sland S2 of Fig. 3. For this purpose, the
detecting part (S1 and S2) is connected to the power
amplifying circuits 8-1 to 8-M and detects, in response
to the alarm signal from each.of the power amplifying
circuits 8-1 to 8-M, the number m of erroneous power

amplifying circuits in which the failure occurs among the

sectt+or—conpri ses: decreased power cal cul ati ng neans connected to
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response to t he aliarim si gnal from each of said power anplifying circuits,
t hie [de2HelB¥ 197 pdwgr of said transm ssion singal due to said failure
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connected t6 said dgcreased power cal g ating neans and the baseband si gnal
prladuci ng sectjons df each of said first through said Qth baseband
processing circuits for controlling the baseband signal producing sections

of each of govek fanplifP1Rg0B18800tL 8-1 to 8-M.

The decreased power calculating unit 1la further
- includes a calculating part which carries out the step §3
of Fig. 3. For this purpose, the calculating part (S3)
is connected to the detecting part (S1 and S2) and
calculates the decreased power in response to the number
m of the erroneous power amplifying circuits.

The controlling unit 11' includes a calculating
part which carries out the step S4 of Fig. 3. For this
purpose, the calculating part (S4) is connected to the
decreased power calculating unit lla and calculates, in
response to the decreased power by the use of a
relationship represented by 10 x log(n x p) = 10 x log(N ’

X p)'- L, the number n of baseband signal producing

sections which should be turned off among the N baseband

signal producing sections 2-1 to 2-N of each of the first

through the Q-th baseband processing circuits 1-1 to 1-Q,
- where the deceased power is represented by L (dB) and

where each of the power amplifying circuits 8-1 to 8-M

produces the amplified signal p(W) when each of the power

_ amplifying circuits 8 1 to 8-M is. normally operated '

without occurrence of the failure.

The controlling unit 11' further includes a

turning-off part which carries out the step S5 of Fig. 3.

For this purpose, the turning-off part (S5) 1s connected

to the calculating part (S4)and turns off n baseband

signal producing sections among the N baseband signal

producing sections 2-1 to 2~-N of each of the first
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through the Q-th baseband processing circuits 1-1 to 1-Q.

The controlling unit 11' still further includes
an increasing part which carries out the step S$6 of Fig.
3. For this purpose, the increasing part (S6) is
connected to the turning-off part (S5) and increases each
of output levels of (N - n) remaining baseband signal
producing sections of each of the first through the Q-th
baseband processing circuits 1-1 to 1-Q so thet the level
of the combined baseband signal of each of the firstt
through the Q-th baseband processing circuits 1-1 to 1-Q
is increased by L (dB).

In this manner, the control section 11b'
restricts the number of available oues of the baseband
singal produciné secrions 2-1 to 2-N in order to suppress
an increase of the combined modulation signal of the
modulation signal combining circuit 13 within a range
such that intermodulation distortion of the power
amplifying circuits normally operated without occurrence
of the faillure is not deteriorated.

In the transmission device of Fig. 4, the carrier

'oscillation circuits 5= 1 to 5 Q have functions of

.oscillating different carrier frequencies f1 to Q.
Thus, a plurality of frequencies are used as channel
frequencies.

In the above-mentioned transmission device
according to this invention, ihe amplifier comprises a
plurality of the power amplification circuits to carry

out parallel amplification. Controlled by the control
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transm ssion device as claimed in Caim8,

section, the baseband processing circuit is operated so
that a transmission power of the transmission signal is
not decreased even in occurrence_of a failure in at least
‘one of the pbwer amplifying circuits. Thus, a sérvice
zone is prevented from being narrowed.

More specifically, in case of occurrence of the
failure in at least one of the power amplifying circuits,
the gain of the amplifier decreases. The decrease of the
gain implies the decrease of the transmission power;
which causes the service zone to become narrow. In order
to prevent the above, the control section controls the
baseband processing circuit so:as to increase the input
power sqpplied to tﬁe‘amplifief. Specifically, as the
input power supplied to the amplifier is'proportional to
the output power of the baseband signal producing
sections of the baseband processing circuit, it is
possible to prevent the service zone from being narrowed
by increasing the output power of the baseband signal
producing sections.

However, the increase of the input power may
deteriora£e thé.intéimbdulaﬁion.diétbft4onfdharécteris—f
tics of the.powef amélifying circuits.“ This reéults.in.
deterioration of the communication quality. In view of
the above, in order to prevent the increase of the
intermodulation distortion and to avoid the service zone
from being narrowed, the contfol section controllably
restricts the number of the available ones of the

baseband signal producing sections in the baseband

A



wherle REPISMIEMESG n& iiETl | f ng means conprises: cal cul ating means connected to
sai d decreased-power c¢al cul ati ng means for calculating, in response to said
decreasqg qﬁﬁgﬁ%ﬁy ﬂhe use of a relationship represented by 10 x log(n x p)
= 18 X | 6( :LL t he nunber n of baseband signal produci ng sections
whi ¢h tshoul.d.bs..turned off anong the Nibaseband signal producing sections
of gach of said firstjthrough said Qth baseband processing circuits, where

sai d—deteasedpower—+s represented by L (dB) and where each of said

processing circuit. In this manner, the total sum of the

modulation signal power éupplied to the power amplifying
circuits is kept at a level not higher than the
predetermined level; Thus, by restficting'the number of
the baseband signal producing sections, tﬁe output power
per one baseband signal producing section is increased
and the increase of the input supplied to the power
amplifier is reduced. As a result, the intermodulation
distortion characteristic of the Qower amplifying cifcuit
is prevented from deterioration.

As described above, in the transmission device
according to this invention, in occurrence of the failure
in at least oneiof the power amplifying circﬁits, the
baseband processing'circuit'controlled by the COntrél
section is operable to increase the input power supplied
to the amplifier which includes a plurality of the power
amplification circuits arraﬁged to carry out parallel

- amplification. With this structure, the transmission
power of the transmission signal is not decreased even in
occurrence of the failure in at least one of the power

' Amplifyihg'cirguits,~ Thus, thé service 2one is préventéd-

'ffoﬁ.beiﬁé na#fowéd. Thié enables the 6pefatioh with &
small~-scale circuit structure and low power consumption.
In addition, this invention is applicable not only to a
transmission device adopting a spread spectrum
coﬁmunication system in which a plurality of transmission

data signals are transmitted by the use of a single



power anplifying circuits produces the anplified signal p(W when each of
said power anplifying circuits is nornmally operated w thout occurrence of
said failure; 41 turni ng-off neans connected to said cal cul ati ng neans

for turning off n baseband signal producing sections anong the N baseband
si gnal produci ng sections 32

frequency but also to a ratio transmission device for

simultaneously transmitting a plurality of frequencies.
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of e —h——ef-—*saTd"‘f'T“r'Sr hrough said Qth baseband processing circuits; and

i ncr epSiarg’ LEETES cdhne ted to said turning-off nmeans for increasing each of
out puf [&Vel's of (N - remai ni ng baseband signal producing sections of
each pf s%% tcw th;ough said Qth baseband processing circuits so that
the | pve e comnbj Ed baseband signal of each of said first through

sai d Lh—baseband“prbc ssing circuit s increased by L (dB). 11. A

transfi ssion device as Elaimed in Caim7,

WHAT IS CLAIMED IS:

1. A transmission device which is for use in a
base station of a mobile communication system and which
has input terminals, N in number, for receiving
transmission data signals, respectively, where N
represents an integer greater than one, said device
carrying out transmission of a transmission signal in
response to the transmiésion data signals and compriéing:

a baseband processing circuit comprising baseband
signal producing sections, N in number, connected to said
inpﬁt terminals, respectively, and a baseband signal
combining section;

-a carrier oscillation circuit for producing a
carrier signal;

a modulation circuit;

an amplifier comprising a distriﬁuting circuit,
power amplifying circuits, M in number, and a combining
circuit, where M represents another integer greater than
one; and

. a_cbntrél:seCtiqn:

each of saia b;seband éignal producing éections
producing, as a baseband signal, a processed signal given
by subjecting a predetermined processing to said |
transmission data signal; |

said baseband signal éombining section being
connected to sald baseband signal producing sections for

combining the baseband signals into a combined baseband

RER ) T H llll
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wher &i each ofﬁ%? b seband si gnal producing sections produces, as said
baselhand B4 ai rocessed signal given by subjecting, as said
pr eddt rn1ned processgi hg, a coding processing to said transm ssion data
signgl .
34
signal;

said modulation circuit being connected to said
carrier oscillation circuilt and said baseband signal
combining section for modulating said carrier signal in
response to sald combined baseband signal to produce a
modulation signal;

sald distributing circuit being connected to said
modulation circuit and to said power amplifying circuits
for distributing said modulation signal into distribnted
modulation signals to deliver said distributed modulation
signals to said power amplifying circuits, respéctively;

each of said power amplifying circuits amplifying
said distributed modulation signal to produce an
amplified'signal,.each of said’power amplifying circuits.
producing an alarm signal when a failure occurs in each
of said power amplifying circuits;

said combining circuit being connected to said
power amplifying circuits for combining the amplified
signals to produce said transmission signal;

said control section being connected to said
power amplifying circuits and said baseband signal
producing sections for controlling said baseband signal
producing sections in response to the alarm signal from
each of said power amplifying circuits to increase a
level of said combined baseband signal so as to
compensate for a decrease in power of sald transmission
.singal due to sald failure occurred in each of said power

amplifying circuits.

UL
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2+ A transmission device as claimed in Claim 1,

whe¥rein said control section comprises:

decreased power calculating means connected to
said.power amplifying éiréuits for calculating as a
decreased power, in response to the alarm signal from
each of said power amplifying circuits, the decrease in
power of sald transmission singal due to said failure
occurred in each of said power amplifying circuits; and

controlling means connected to said deéreasea
power calculating means and said baseband sighal
producing sections for controlling.said baseband signal
producing sections to increase the level of said combined
baseband signal so as‘to compensate for said decreased
power. o |

3. A transmission device as claimed in Claim 2,
wherein sald decreased power calculating means comprises:

detecting means connected to said power
amplifying circuits for detecting, .in response to the
alarm signal from each of sald power amplifying circuits,
the number m of erroneous power amplifying circuits in
'whiph'said”faiiure dcéurs aﬁong.said powerlémplifying"'-
cifcuits;.and | | ) | .

calculating means connected to said detecting
means for calculating said decreased power in response to
the number m of said erroneous power amplifying circuits.

4. A transmlission device as claimed in Claim 2,

wherein sald controlling means comprises:

AL
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calculating means connected to said decreased
power calculating means for calculating, in response to
said decreased power by the use of a .relationship
represented by.lo x log(n x p) = 10 x log(N x p)'- L, the
number n of baseband signal producing sections which
should be turned off.among said N baseband signal
producing sections, wherc sald deceased power is
represented by I (dB) and where each of said power
amplifying circuits produces the amplified signal p(ﬁ)
when each of sald power amplifying circuits is normally
operated without occurrence of said failure;

turning-off means connected to said calculating
means for turning off'n baseband signal producing
sections among said N baseband signal producing sections;
and |

increasing means connected to said turning-off
means for increasing each of output levels of (N - n)
remaining baseband signal producing sections so that the
level of said combined baseband signal is increased by L
(aB) .

'-5.' A transmission device as’ claimed in Claim 1,_i
wherein each of said baseband signal producing sections
produces, as saild baseband signal, sald processed signal
given by subjecting, as said predetermined processing, a
coding processing to said transmission data signal.

6. A transmission device as claimed in Claim 1,
wherein each of said baseband signal producing sections

produces, as salid baseband signal, said processed signal

A O 0
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gtvenm by subjecting, as said predetermined processing, a

spread spectrum processing to said transmission data

signal.

7. A transmission device which is for use in a
base station of a mobile communication system in carrying
out transmission of a transmission signal and which
comprises:

first through Q-th baseband processing circuits,
each of which comprises baseband signal producing '
sections, N in number, and a baseband signal combining
section, where Q represents an integer greater than one
and where N representing another integer greater than
one;

first through Q-th carrier oscillation circuits
for producing first through Q-th carrier signals of
carrier frequencies different from each other,
respectively;

first through Q-th modulation circuits;

a modulation signal combining circuit;

an amplifier comprising a distributing circuit,

" power amplify;hg cif¢uité;¥M in,numbéf;'and'afcqmbining S

dircuit, where M'represenis Stiii aﬁéthéf.ihteéér greéter -
than one; and

a control section;

each of said baseband signal producing sections
of each of said first through said Q-th baseband
processing circuits producing, as a baseband signal, a

processed signal given by subjecting a predeterm;pgﬁ

Tl
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processing to a transmission data signal;
said baseband signal combining section of each of
said first through said Q- th baseband processing circuits
combining the baseband signals of the baseband signal
producing sections of each of said first through said
Q-th baseband processing circuits into a combined
baseband signal;
said first through said Q-th modulation circuits
modulating said first through said Q-th carrier signsls
in response to the combined baseband signals of the
bsseband signal combining sections of said'first through
said Q-th baseband processing circuits to produce first -
through Q-th modulation signals, respectively,i
said modulation signal combining circuit
'combining said first through said Q-th modulation signals
into a combined modulation signal;
the distributing circuit of said amplifier
distributing said combined modulation signal into
distributed modulation signals to deliver said
distributed modulation signals to the first through the
.iM—thlpoﬁef-ampiifyicgicircuitS"cfjsaidjamplifief, B R
fespsctively; | o o “
each of ssid power amplifying circuits amplifying
said distributed modulation signal to produce an
amplified signal, each of said power amplifying circuits

producing an alarm signal wheﬁ a failure occurs in each

of said power amplifying circuits;

l/llllll llll/llllll lllllll llll
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Jthe combining circuit of said amplifier combining

the amplified signals of said first through said M-th
power amplifying circuits to produce said transmission
signal;

~sald control section controlling the baseband
signal producing sections of each of said first through
said Q-th baseband processing circuits in response to the
alarm signal from each of said power amplifying circuits
to increase a level of said.combined baseband signal—of
each of said first through said Q-th baseband processing
circuits so as to compensate for a decrease in power of
said transmission singal due to said failure occurred in
each of said power amplifying circuits.

8. A transmission denice,as claimed in Claim 7,
wherein said control section comprises:

decreased power calculating means connected to
said power amplifying circuits for calculating as a
decreased power, in response to the alarm signal from
each of said power amplifying circuits, the decrease in
power of said transmission singal due to said failure
occurred in each of said power amplifying circuits, and

controlling means connected to said decreased
power calculating means and the baseband signal producing
sections of each of said first through said Q-th baseband
processing circuits for controlling the baseband signal
producing sections of each of said first through said Q-
th baseband processing circuits to increase the level of

said combined baseband signal of each of said first
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through said Q-th baseband processing circuits so as to
compensate for said decreased power.

9. A transmission device as claimed in Claim 8,
wherein said decreased power calculating means comprises:

detecting means connected to said poﬁer
amplifying circuits for detecting, in response to the
alarm signal from each of said power amplifying circuits,
the number m of erroneous power amplifying circuits in
which said failure occurs amoné said power aﬁplifyiné
circuits; and

calculating means connected to said detecting
means for calculating said decreased power in response to
the number m of eaid eérroneous power,ampiifying.circuits.

10. A transmission device as claimed in. Claim 8,
wherein said controlling means comprises:

calculating means connected to said decreased
power calculating means for calculating, in response to
said decreased power by the use of a relationship
represented by 10 x log(n x p) = 10 x log(N x p) -~ L, the
number n of baseband signal producing sections which
should be turned off among the N baseband signal

| producing sections of each of said first through said

Q0-th baseband processing circuits, where sald deceased
power is represented by L (dB) and where each of said
power amplifying circuits produces the amplified signal
p(W) when each of said poWer emplifying circuits is

normally operated without occurrence of saild failure;

UL
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turning—off means connected to said calculating
means for turning off n baseband signal producing-
sections among the N baseband signal producing sections.
of each of said first through said Q-th 5aseband
processing circuits; and

increasing means connected to said turning-off
means for increasing each of output levels of (N - n)
remaining baseband signal producing sections of each of
said first through said Q-th baseband processing ciréuits
so that the level of the combined baseband signal of each
of said first through séid Q-th baseband processing

circuits is increased by L (dB).

11. A transmission device as claimed in Claim.7,
whe;ein eadh of éaid baseband signal producing séctions
produces, as saild baseband signal, said processed signal
given by subjecting, as said predetermined processing, a

T
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TRANSMISSION DEVICE WITH LOW POWER CONSUMPTION AND WITH A
SMALL CIRCUIT SCALE

ABSTRACT
" In a transmission device for use in a base station of a mobile communication

system in carrying out transmission of a transmission signal, each of a predetermined

number N of baseband signal producing sections produces a baseband signal given by

subjecting a predetermined processing to a transmission data signal.

Fig. 2
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START

St

ALL OF
POWER AMPLIFYING

CKT" s 8-1 TO 8-M ARE
NORMAL?

Yes

DETECT THE NUMBER m OF ERRONEOUS

~— 52

POWER AMPLIFYING CKT s

CALCULATE GAIN ATTENUATION LEVEL
L dB IN AMPLIFIER 6

I~ S3

CALCULATE THE NUMBER n OF
BASEBAND SIGNAL PRODUCING SECTIONS
WHICH SHOULD BE TURNED OFF

~— S4

TURN OFF OUTPUTS OF n BASEBAND
SIGNAL PRODUCING SECTIONS

—~— Sb

INCREASE OUTPUTS OF (N-n) BASEBAND
SIGNAL PRODUCING SECTIONS BY L dB

A
( END )

FIG. 3
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