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Steven L Weisburd In the phase modulation multiplexing transmission unit 1, a 
41st F10 or digital input signal is divided by a signal division unit, each 
1177 Avenue of the Americas of the resultant division signal is output to multiplication 
New York, NY 10036_2714 (Us) units 3a and 3b, respectively. The multiplication units 3a and 

3b multiply the division signals by spread code signals 
(21) APPL NO; 10/099,002 output from spread code generators 2a and 2b, respectively. 

A multiplication signal Sb output from the multiplication 
(22) Filed; Man 13, 2002 unit 3b is shifted by 31/2 radian through a phase shifter 4, 

Which is added to a multiplexing signal Sa output from the 
Related US, Application Data multiplication unit 3a through an adder 5. Asynthetic signal 

Se(n) output from the adder 5 is BPSK modulated through 
(63) Continuation of application No. 09/778,500, ?led on a modulator 6, Which is transmitted through a transmission 

Feb. 7, 2001. ampli?er 7 and an antenna 8. 
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PHASE MODULATION MULTIPLEXING 
TRANSMISSION UNIT AND PHASE 

MODULATION MULTIPLEXING METHOD 

BACKGROUND OF THE PRESENT 
INVENTION 

[0001] The present invention relates to a phase modulation 
multiplexing transmission unit for multiplexing and trans 
mitting a phase modulation signal in a spectrum spread 
(referred to as, SS hereinafter) transmission system. 

[0002] FIG. 5 is a block diagram shoWing a construction 
of a conventional phase modulation multiplexing transmis 
sion unit. 

[0003] The prior art shoWn in FIG. 5 comprises a signal 
division unit 1 for dividing a digital input signal into tWo 
division signals I1(n) and I2(n) for outputting and spread 
code generators 2a and 2b for generating and outputting 
spread codes C1(n) and C2(n) for spectrum spreading. This 
prior art further comprises multiplication units 3a and 3b for 
outputting multiplication signals Sa and Sb obtained by 
multiplying the division signals I1(n) and I2(n) by the spread 
codes C1(n) and C2(n) output from the spread code genera 
tors 2a and 2b, respectively. 

[0004] Additionally this prior art comprises an adder 5 for 
outputting a synthetic signal Sc(n) obtained by summing the 
multiplication signals Sa and Sb output from the multipli 
cation units 3a and 3b, a modulator 6 for tWo-phase modu 
lating (referred to as, BPSK hereinafter) the synthetic signal 
Sc(n) output from the adder 5, a transmission ampli?er 7 for 
amplifying and outputting the phase modulation signal out 
put from the modulator 6 and an antenna 8 through Which 
the ampli?ed phase modulation signal output from the 
transmission ampli?er 7 is transmitted. 

[0005] The operation of this prior art is described herein 
after. 

[0006] The signal division unit 1 divides a digital input 
signal into tWo division signals I1(n) and I2(n), each of 
Which is input to the multiplication units 3a and 3b, respec 
tively. The spread code generators 2a and 2b generate spread 
codes C1(n) and C2(n) for spectrum spreading, each of 
Which is output to the multiplication units 3a and 3b, 
respectively. The multiplication unit 3a multiplies the divi 
sion signal I1(n) input from the signal division unit 1 by the 
spread code C1(n) output from the spread code generator 2a. 
The resultant multiplication signal Sa is obtained from the 
folloWing equation 

Sa=I1(n)*C1(n) (1) 

[0007] The multiplication unit 3b multiplies the division 
signal I2(n) input from the signal division unit 1 by the 
spread code C2(n) output from the spread code generator 2b. 
The resultant multiplication signal Sb is obtained from the 
folloWing equation 

[0008] The adder 5 sums the multiplication signals Sa and 
Sb output from the multiplication units 3a and 3b, respec 
tively for synthesiZing. The resultant synthetic signal Sc(n) 
is obtained from the folloWing equation 
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[0009] The modulator 6 tWo-phase modulates (BPSK) the 
synthetic signal Sc(n), Which is ampli?ed by the transmis 
sion ampli?er 7 and then transmitted through the antenna 8. 
The spread codes C1(n) and C2(n) respectively generated by 
the spread code generators 2a and 2b have excellent self 
correlation characteristics using code exhibiting good 
mutual correlation characteristics (close to non-correlation). 

[0010] FIG. 6 shoWs coordinates of the synthetic signal 
Sc(n) output from the adder 5. 

[0011] As FIG. 6 shoWs, the multiplication signals Sa and 
Sb respectively output from the multiplication units 3a and 
3b overlap With each other at coordinates (1, 0) and (—1, 0) 
on the phase plane. The synthetic signal Sc(n) is de?ned by 
signal coordinates (2, 0), (—2, 0) and (0, 0) as shoWn in FIG. 
6. Accordingly the peak level of dualiZed synthetic signal 
Sc(n) is doubled, thus increasing the electric poWer by 4 
times (22). 
[0012] FIG. 7 is a graphical representation of an input/ 
output characteristic of the transmission ampli?er 7. 

[0013] Referring to FIG. 7, assuming that the number of 
multiplexing is 2 (dual), the peak level of the BPSK input/ 
output signal input to the transmission ampli?er 7 becomes 
tWo times higher than that before multiplexing oWing to a 
high ratio of the average poWer to the peak poWer (peak 
factor). In order to amplify the modulation signal output 
from the modulator 6 through the transmission ampli?er 7 
and to transmit the resultant ampli?ed phase modulation 
signal at a loW bias, a broad linear area is required. 

[0014] Prior arts disclosed by a publication of JP-A 
360434/ 1992 titled “Spectrum spread transmission unit and 
spectrum spread reception unit” and a publication of JP-A 
30079/ 1993 titled “Spectrum spread modulation unit” have 
been Well knoWn as arts related to the above-described 
device. 

[0015] In the publication of JP-A-360434/1992, each bit 
of parallel data is spread based on a plurality of spread codes 
and parallel transmitted for spectrum spread transmission at 
a high rate. 

[0016] In the publication of JP-A-30079/1993, parallel 
data converted from serial data are delayed for shifting 
codes through spread modulation With n delay PN codes 
Which have been phase corrected. As a result, efficient high 
rate data transmission is realiZed by preventing degradation 
in the spectrum spread communication characteristic. 

[0017] Those conventional phase modulation multiplex 
ing transmission units alloW for high rate data transmission. 
HoWever they need substantially a broad area Where the 
transmission ampli?er 7 ampli?es the modulation signal 
output from the modulator 6 at a loW bias for transmission. 
As a result, a large-siZed transmission ampli?er is necessary, 
resulting in increasing the cost. 

SUMMARY OF THE INVENTION 

[0018] It is an object of the present invention to solve the 
aforementioned problem of those prior arts. 

[0019] It is another object of the present invention to 
provide a phase modulation multiplexing transmission unit 
reducing the siZe of a transmission ampli?er for executing 
ampli?cation at a loW bias in relatively a narroW linear area 
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due to decreased peak of the multiplexing signal during 
multiplexing and high-rate data transmission. Reducing the 
transmission ampli?er siZe, therefore leads to cost reduction. 

[0020] The present invention is achieved by a phase 
modulation multiplexing transmission unit comprising: mul 
tiplication means for outputting a plurality of multiplication 
signals derived from multiplying a plurality of division 
signals obtained by dividing a digital input signal by a 
plurality of spread code signals; phase shifting means for 
turning a phase so that each of the plurality of multiplication 
signals has a phase difference; addition means for outputting 
a multiplexing signal by summing the plurality of multipli 
cation signals each having a phase difference; and modula 
tion means for modulating the multiplexing signal for out 
putting. 

[0021] Furthermore, the present invention is achieved by 
a phase modulation multiplexing method comprising steps 
of: generating a plurality of multiplication signals by mul 
tiplying a plurality of division signals obtained by dividing 
a digital input signal by a plurality of spread code signals; 
turning a phase so that each of the plurality of multiplication 
signals has a phase difference; generating a multiplexing 
signal by summing a plurality of multiplication signals each 
having a phase difference; and modulating the multiplexing 
signal. 

[0022] In the phase modulation multiplexing transmission 
unit of the present invention, multiplexing (addition) is 
executed by shifting the phase of the phase modulation 
signal. As a result, the ratio of the average poWer to the peak 
poWer (peak factor) of the multiplexed signal for multiplex 
ing and high rate data transmission is decreased. That is, the 
decreased multiplexed signal peak requires only a narroW 
linear area Where the transmission ampli?er ampli?es the 
modulation signal for outputting at a loW bias, thus reducing 
the siZe of the transmission ampli?er. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] This and other objects, features and advantages of 
the present invention Will become more apparent upon a 
reading of the folloWing detailed description and draWings, 
in Wich: 

[0024] FIG. 1 is a block diagram of a phase modulation 
multiplexing transmission unit of an embodiment of a 
present invention; 

[0025] FIG. 2 is a block diagram of a phase modulation 
multiplexing transmission unit of an embodiment in case of 

BPSK; 

[0026] FIG. 3 shoWs coordinates of BPSK signals of an 
embodiment; 

[0027] FIG. 4 is a graphical representation of an input/ 
output characteristic of a transmission ampli?er of an 
embodiment; 

[0028] FIG. 5 is a block diagram of a prior art phase 
modulation multiplexing transmission unit; 

[0029] FIG. 6 shoWs coordinates of a synthetic signal of 
a prior art; and 

[0030] FIG. 7 is a graphical representation of an input/ 
output characteristics of a prior art transmission ampli?er. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Referring to draWings, an embodiment of a phase 
modulation multiplexing transmission unit of the present 
invention is described in detail. The same components as 
those shoWn in FIGS. 5 to 7 are provided With the same 
reference numerals. 

[0032] FIG. 1 is a block diagram shoWing a construction 
of a phase modulation multiplexing transmission unit of an 
embodiment of the present invention. 

[0033] As shoWn in FIG. 1, the phase modulation multi 
plexing transmission unit comprises a signal division unit 1 
for dividing a digital input signal into n signals for output 
ting, spread code generators 2a, 2b . . . 211 each generating 
and outputting a spread code for spectrum spreading and 
multiplication units 3a, 3b . . . 311 each multiplying the 

division signal output from the signal division unit 1 by the 
spread code output from the spread code generators 2a, . . . 
211, respectively for outputting. 

[0034] The phase modulation multiplexing transmission 
unit further comprises phase shifters 4a, 4b, . . . 411 each 
turning the phase of the respective multiplication signals 
output from the multiplication units 3a, . . . 3n and an adder 

5 for outputting a synthetic signal derived from summing the 
multiplication signals output from the respective phase 
shifters 4a, . . . 4n. Amodulator 6 for tWo-phase modulating 

(BPSK) the synthetic signal output from the adder 5 for 
outputting, a transmission ampli?er 7 for amplifying the 
phase modulation signal output from the modulator 6 and an 
antenna 8 for transmitting an ampli?ed phase modulation 
signal output from the transmission ampli?er 7 are further 
provided. 

[0035] FIG. 2 is a block diagram shoWing a construction 
of the phase modulation multiplexing transmission unit 
derived from simplifying the construction shoWn in FIG. 1. 

[0036] This embodiment shoWn in FIG. 2 is provided in 
case of BPSK Where the number of multiplexing is set to 2. 
Therefore the phase modulation multiplexing transmission 
unit of this embodiment comprises a signal division unit 1 
for dividing a digital input signal into tWo division signals 
I1(n) and I2(n), spread code generators 2a and 2b for 
generating and outputting spread codes C1(n) and C2(n) for 
spectrum spreading and multiplication units 3a and 3b for 
outputting multiplication signals Sa and Sb obtained by 
multiplying the division signals I1(n) and I2(n) output from 
the signal division unit 1 by the spread codes C1(n) and 
C2(n) output from the spread code generators 2a and 2b, 
respectively. 

[0037] The phase modulation multiplexing transmission 
unit of this embodiment further comprises a phase shifter 4 
for shifting the multiplication signal Sb output from the 
multiplication unit 3b With 313/2 radian phase difference for 
outputting and an adder 5 for outputting a synthetic signal 
Se(n) derived from summing the multiplication signal Sa 
output from the multiplication unit 3a and a 31/2 phase 
difference signal Sd output from the phase shifter 4. A 
modulator 6 for tWo-phase modulating (BPSK) the synthetic 
signal Se(n) output from the adder 5 for outputting, a 
transmission ampli?er 7 for amplifying the phase modula 
tion signal output from the modulator 6 for outputting and an 
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antenna 8 for transmitting the ampli?ed phase modulation 
signal output from the transmission ampli?er 7 are further 
provided. 
[0038] The operation of the above-described phase modu 
lation multiplication transmission unit is described. 

[0039] The signal division unit 1 divides a digital input 
signal into tWo division signals I1(n) and I2(n), Which are 
input to multiplication units 3a and 3b, respectively. Each of 
the spread code generators 2a and 2b generates a spread 
code C1(n) and C2(n) for spectrum spreading, Which is 
output to the multiplication units 3a and 3b, respectively. 
The multiplication unit 3a multiplies the division signal 
I1(n) input from the signal division unit 1 by the spread code 
C1(n) output from the spread code generator 2a. The result 
ant multiplication signal Sa is obtained from the folloWing 
equation 

Sa+I1(n)*C1(n) (4) 
[0040] The multiplication unit 3b multiplies the division 
signal I2(n) input from the signal division unit 1 by the 
spread code C2(n) output from the spread code generator 2b 
for outputting to the phase shifter 4. A 31/2 phase difference 
signal Sd output from the phase shifter 4 is obtained from the 
folloWing equation 

Sd=I2(n)*e jn/2*C2(n) (5) 

[0041] The adder 5 generates a synthetic signal Se(n) by 
summing the multiplication signal Sa output from the mul 
tiplication unit 3a and the 31/2 phase difference signal Sd. 
The synthetic signal Se(n) is obtained from the folloWing 
equation 

Se(n)=Sa+Sd=I1(n)*C1(n)+12(n)*e jn/2*C2(n . . . (6) 

[0042] The modulator 6 tWo-phase modulates (BPSK) the 
synthetic signal Se(n), Which is ampli?ed through the trans 
mission ampli?er 7 and then transmitted through the antenna 
8. Each of the spread codes C1(n) and C2(n) generated by 
the spread code generators 2a and 2b, respectively has a 
peak at the synchronous point using a code having excellent 
self correlation characteristic at points other than the syn 
chronous point as Well as good mutual correlation charac 
teristic (close to non-correlation). 

[0043] 
[0044] As FIG. 3 shoWs, the point of a multiplication 
signal Sa output from the multiplication unit 3a is de?ned by 
the coordinates (1, 0) and (—1, 0). The 313/2 phase difference 
signal Sd output from the phase shifter 4 is de?ned by the 
coordinates (0, 1) and (0, —1) oWing to 31/2 radian phase 
difference. 

[0045] As FIG. 3 shoWs, the synthetic signal Se(n) is 
de?ned by coordinates (1, 1), (1, —1), (—1, 1) and (—1, —1) 
Therefore the peak level of the BPSK signal of the synthetic 
signal Se(n) through the modulator 6 becomes V2 times 
higher (approximately 1.4 times), thus increasing the poWer 
by 2 times. 

[0046] FIG. 4 is a graphical representation of an input/ 
output characteristic of a transmission ampli?er 7 of this 
embodiment. 

[0047] In FIG. 4, the peak level of BPSK input/output 
signal input to the transmission ampli?er 7 (the number of 
multiplexing: 2) becomes tWo times loWer than that in the 
case shoWn in FIG. 7. As the multiplication signal Sb is 

FIG. 3 represents coordinates of BPSK signals. 
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synthesiZed dualiZed) With 313/2 radian phase difference, the 
ratio of average poWer to the peak poWer (peak factor) is 
decreased. This alloWs for transmission of the ampli?ed 
phase modulation signal at a loW bias even When the 
modulation signal output from the modulator 6 is ampli?ed 
by the transmission ampli?er 7 in an narroW linear area. As 
a result, the transmission ampli?er siZe can be reduced. 

[0048] It is assumed that the construction shoWn in FIG. 
2 uses BPSK With the number of multiplexing set to 2 
(dualiZed). HoWever the number of multiplexing can be set 
to more than 2. In this case, for example, 3 multiplexing 
having 31/3 or 275/3 radian phase difference or 4 multiplexing 
having 31/4, 31/2 or 375/4 radian phase difference can be 
realiZed. 

[0049] The phase modulation multiplexing transmission 
unit of the present invention executes multiplexing by 
shifting each phase of the phase modulation signal. This unit 
decreases the ratio of the average poWer to the peak poWer 
(peak factor) of the multiplexing signal for the high rate data 
transmission. Accordingly the peak of the multiplexing 
signal is decreased, alloWing for reduction of the transmis 
sion ampli?er siZe even in the narroW linear area, resulting 
in cost reduction. 

What is claimed is: 
1. A phase modulation multiplexing transmission unit 

comprising: 
multiplication means for outputting a plurality of multi 

plication signals derived from multiplying a plurality of 
division signals obtained by dividing a digital input 
signal by a plurality of spread code signals; 

phase shifting means for a phase so that each of said 
plurality of multiplication signals has a phase differ 
ence; 

addition means for outputting a multiplexing signal by 
summing said plurality of multiplication signals each 
having a phase difference; and 

modulation means for modulating said multiplexing sig 
nal for outputting. 

2. The phase modulation multiplexing transmission unit 
of claim 1, Wherein said modulation means phase modulates 
said multiplexing signal. 

3. The phase modulation multiplexing transmission unit 
of claim 1 comprises signal division means for dividing a 
digital input signal and a plurality of spread code generation 
means for generating spread code signals for spectrum 
spreading. 

4. The phase modulation multiplexing transmission unit 
of claim 1 further comprises radio transmission means for 
radio transmitting a modulation signal output from said 
modulation means. 

5. A phase modulation multiplexing transmission unit 
comprising: 

signal division means for dividing a digital input signal; 

a plurality of spread code generation means for generating 
spread code signals for spectrum spreading; 

a plurality of multiplication means for outputting multi 
plication signals by multiplying an output signal 
divided by said signal division means by said spread 
code signal; 
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phase shifting means for turning a phase of at least 1 
multiplication signal or more output from said plurality 
of multiplication means so that each of said plurality of 
multiplication signals has a phase difference; 

addition means for generating a multiplexing signal by 
summing multiplication signals each having a phase 
difference; and 

modulation means for modulating a multiplexing signal 
from said addition means for outputting. 

6. The phase modulation multiplexing transmission unit 
of claim 5, Wherein said modulation means phase modulates 
said multiplexing signal. 

7. The phase modulation multiplexing transmission unit 
of claim 6 comprises radio transmission means for radio 
transmitting a modulation signal output from said modula 
tion means. 

8. The phase modulation multiplexing transmission unit 
of claim 5, Wherein said addition means sums a multiplica 
tion signal output from said multiplication means and a 
signal With its phase turned through said phase shifting 
means. 

9. The phase modulation multiplexing transmission unit 
of claim 5, Wherein said addition means sums all output 
signals output from said phase shifting means When each 
phase of all multiplication signals has been turned. 
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10. Aphase modulation multiplexing method comprising 
steps of: 

generating a plurality of multiplication signals by multi 
plying a plurality of division signals obtained by divid 
ing a digital input signal by a plurality of spread code 
signals; 

turning a phase so that each of said plurality of multipli 
cation signals has a phase difference; 

generating a multiplexing signal by summing a plurality 
of multiplication signals each having a phase differ 
ence; and 

modulating said multiplexing signal. 
11. The phase modulation multiplexing method of claim 

10, Wherein said modulating step comprising a step of phase 
modulating said multiplexing signal. 

12. The phase modulation multiplexing method of claim 
10 further comprises a step of dividing a digital input signal 
and a step of generating a plurality of spread code signals for 
spectrum spreading. 

13. The phase modulation multiplexing method of claim 
10 further comprises a step of radio transmitting said modu 
lation signal. 


