SPECI FI CATI ON TI TLE OF THE | NVENTI ON PHASE MODULATI NG APPARATUS EFFECTI VELY
USI NG WAVEFORM STORACGE UNIT 5 FI ELD OF THE I NVENTION Thi s invention rel ates
to a phase nodul ati ng apparatus for nodul ating digital baseband signals
with the Quadrature Phase Shift Keying (QPSK). BACKGROUND OF THE | NVENTI ON
10 Currently, the QPSK is widely used as a digital

nmodul ati on method. For exanpl e, RCR EEEQEFRIATTONC for Personal Handyphone
System (PHS) stipulates that the [err]/4-shift QPSK should be used as a
nodul ati on method. The QPSK including the [err]/4-shift QPSK is a

nodul ati on nethod in which two bits of data are 15 transferred

si mul tanemﬂfﬁﬁgysﬁﬁg iﬁT@m tphgse (1-phase) conponent and

guadr at ur e- phase phase corroonent of a carrier vvave G ven below is the
description of the[err]/4-shi%' %9 é{serr]/4 shift QPSK
nodul ati ng apparatus 600. [err }% P@B %&ﬁﬁn%’b apparatus receives
a baseband 20 signal as serial ata The baseband signal is _converted

t hr ough EFFECTIVELY USING WAVEFORM STORAGE UNIT

5 EIELD OF THE INVENTION
This invention relates to a phase modulating-apparatus
for modulating digital baseband signals with the Quadrature Phase

Shift Keying (QPSK).

R F_THE NTI
10 Currently, the QPSK. is _widely used as a digital
modulation method. For example, RCR STD-28 standard for Personal
Handyphone System (PHS) stipﬁlates that the 7t/4-sf11ft QPSK should
be used as a modulation method. The QPSK including the m/4-shift
QPSK is a modulation method in which two bits of data are
15 transferred simultaneously by using the inphase (I-phase) component
and quadrature-phase (Q-phase) .component of a carrier wave.
Given below ié the description of the m/4-shift QPSK
and conventional x/4-shift QPSK modulating apparatus 600.
7 /4-shift QPSK modulating apparatus receives a baseband
20 signal as serial data. The baseband signal is converted through
series-to-parallel conversion into a symbol (X,.,Y,) which is a piece
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series-to-parallel conversion into a synbol (X err],Y[err]) whichis a
pi ece of two-bit parallel data, where "k" represents a natural nunber,
indicating that "(Xerr],Yerr])" is the k-th synbol. The synbol (Xk, YKk)
is converted by a differential encoding circuit into a quadrature signal
(I[err],Qerr]). This conversion is perforned based on the following 5

forrul a: FeEmgha-bifterpdratiele dees] ‘(rﬁ(éfér]'k"YE:eplr]e)séﬁﬁ:% \&2| neesu B WhuhBer,
the following table: Table 1 X[ err]

g[er'r]/4 mdic%(}&affr1 | that (Ryr IY )E Jr'?]t/j}leT]F\éﬂgﬁgaarature gﬁlg[%ﬁlegﬂ %) 1s
i 1ed banaPang tel b@converﬂﬁfﬁ%ﬁﬁt%ég%ﬁd 0355, LhEE o CqleiFature
modul ating C'ﬁgi’ ‘(Ip”’)" de@hnt.g ecc':r? ehffjlssieoﬁf’1 r}_ds ot o%:tmuerdebagae%ieogoggon%oﬁozv%g
5 formula: |
Formula 1
I, cos[A®DP(X,,Y,)] - sin[AD(X,,Y,)] I,

Q, sin[A® (X,,Y,)] cos[AP(X,,Y)] Q.

where A® (X,,Y,) has values shown in the following table:

Table 1

X, 1 _ 0 0 1
Y, 1 1 0 0
AD ~-37x/4 3;r/4 /4 ~-m/4

The quadrature signal (I,,Q,) obtained in this way is
passed through a lowpass filter to have a limited band and to be
converted into I-phase and Q-phase components. A modulating
circuit provides the inphase and quadrature-phase components n_for
a wireless circuit.

Fig.l shows symbols (X,,Y,) mapped on a two-dimensional
I-Q coordinate. By focusing on the movement of a signal point
represented by a quadrature signal (I,,Q), it is found that the
signal point becomes-any of signal points A-D and any of signal

5 points E-H alterﬁately. As is apparént from Fig.l, signal points
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a wreless circuit. Fig.1 shows synbols (XkYk) nmapped on a two-di mensional

| - Q coordi nate. By focusing on the novenent of a signal point represented
by* a quadrature signal (I[err],Qerr]), it is found that the signal point
becones any of signal points A-D and any of signal 5 points E-H
alternately. As is apparent fromFig.1l, signal points 2 A-D are

repfesent efl-By areWordipFdEmied %PFCHnaﬁvﬁb-sd/ﬁﬁ@rﬂéi@@éfse@éégdﬂﬁa‘ﬁéﬁ Skstem
I[err] on the I-axis and vector Qa on the Q axis as the axes. Also,

si gnal pO'PégrEsén%% errf@g{:‘gdg B?E‘ré’ﬁsf ”%?a Q%Ld C&é’éé’é?%% Sé!ﬁtEHb o-

represent ed by Vector Ich a
respectlvel eqU|v l.ent _to vectars l[err r otated

For exanpl% Euﬁﬁhs %.éﬁ?Fentaﬁﬁgﬁbdﬁﬁgé?g §¥§s (ﬁ?%ﬁ ? %ﬁ%@%?é by a
represented by synbol, point F. Then, "O0O" gi ven as its I

rl]
coor di nat etWOUdl%qstlém(ﬁ]erF‘POE@éPGFﬁatséStem 1reﬁ§e$?§t?{1eh§ﬂ V%%(PHI hfl eand

and "+1" as its err] 10 coordi nate.
5 vector QB as the axes, which are respectively equivalent to

vectors Ia and Qo rotatéd by mw/4. For example, suppose a current

baseband signal ié a piéce of information represented by symbol

point F. Then, "0" is given as its Ia coordinate, "0" as its Qa

coordinate, "-1" as its IB coordiné.te, and "+1" as its QB
10 coordinate.

Suppose the coordinates of the k-th symbol usipg the
above four vect§rs are respectively I,, Q , I , and Q . Thep,
the quadrature coordinates .Of k-th symbol, I, and Q,, are
represented by Formulae 2 aﬁd 3 respectively.

15 Formula 2

Igx Qgx
Iy = Igp + — - —
72 c2
Formula 3
L Qpx
Q = Qg + — + —
2 J2

Accordingly, I-phase signal I(t) and Q-phase signal Q(t)
output from the modulating circuit are represented by Formula 4 in
which h(t) represents a rectangular waveform response function used

in the lowpass filter.



Suppose the coordinates of the k-th synbol using the above four vectors are
respectively I[err] , Q, I , and Qerr] . Then, the quadrature

coordi nates of k-th symbol, I[err] and Jerr], are represented by Fornul ae
2 and 3 respectively. 15 Fornmula 2 [err] Fornula 3 [err] Accordingly, '
| - phase siggamuhat ¥ and Q phase signal t) output fromthe nodul ating
circuit are represented by Fornula 4 in which h(t) represents a rectangul ar .

wavef orm response function uggd in the |owass filter. 3 Formula 4 [err]
Fornmula 5 [errl I(t) = kz_“ Ih (t-kT) .
o0 1 oo
= T I uh(t-XT) + 472 I Igh(t-kT)
1 °°  -
- — I Qgh(t-kT)
J2 "
Formula 5
©0o
Q(t) = k_Z_“ Qh (t-kT)
1 oo
= ’.F'Z-“' Qi (£~kT) +ﬁ k_}__; Igh(t-kT)
1 oo
+ — X Qph(t-kT)
2 T

Formulae 4 and 5 indicate that limiting the bands of
quadrature signals I, and .Qk may be achieved by limiting bands of
each term of Formulae 2 and 3.

Here, if it is supposed that in Fig.l, symbol points A-D
are odd and symbol points E-H are even in order, the following .
formulae are given.
Formula 6

+1 (k=2N+1)
Iak' Qak =

0 (k=2N)

Formula 7



1 00 Fermulae 4 and 5 indicate that limting the bands of quadrature

signals I[err] and Qerr] may be achieved by limting bands of each term of
Formulae 2 and 3. Here, if it is supposed that in Fig.1l, synbol points A-D
are odd and synbol points E-H are even in order, the follow ng formul ae are

gi ven. _
represented by the foligydﬁ fo

-

mul ae. Formula 8 [err] Formula 9 [err]
+1 (k=2N)

Formula 6 [err] Formula (dl (x=pRE{] Hence, I(t) and Qt) are

Hence, I(t) and Q(t) are represénted by the following formulae.

Formula 8
o . 1 oo
I(t) = ““Z_"° I o {t=(2N+1)T} + — NEN I g0 (E-2NT)
72 _
1 oo
};__“Z QB?Nh(t—zNT)
f‘ormula 9
0 | 1 o0
Q(t) =“§“ Quonsn{t-(2N+1) T} +.J'— N_}_:“ I (£-2NT)
1 oo
+ 72 NE” Qguht (t—2NT)

As apparent from the above formulae, of symbols I_,,
Qe I , and Q being four véctors of signals I(t) and Q(t), I
and Q; may be represented by using only odd symbol signals, and I,
and Qg, by using only even symbol signals.
| Fig.2 is a block diagram showing the construction of the
conventional 7r/4-shift QPSK modulating apparatus 600.
@ /4-shift QPSKl modulating apparatus 600 includes input
terminal 601, symbol generating circuit 602, mapping circuit 603,
timin§ generating circuit 605, coordinate accumulators 606, 607,
608, and 609, first storage unit 610, second storage unit 611,
5 third storage unit 612, fourth storage unit 613, subtractor 614,

5
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As apparent fromthe above fornulae, of synbols I[err], Qerr], I , and Q
being four vectors of signals I(t) and Qt), | and Qerr] nay be
represented by using only odd synbol signals, and I[err] and err] by
usi ng only even synbol signals. Fig.2 is a block diagram show ng the
construction of the conventional [err]/4-shift QPSK nodul ati ng appar at us

000 [er!] abgehid 613 SKe 1 AubAll BY 73PRYR AN 11 BBSahBP ¢ ol Cdlld) Wutput
601, synbol generating circult 602, mapping circurt 603, timng generatin

circuit 60 rdi.n u at or. 06, 607, 608, d.60 firsi. or age.
o £ b10. eerndBhdbnB28 b BAL) O aniithe e Rl 6RRC 188 udel HifigidHia
unit 613, subtrgctor 614, 5 adders 615, 616, and 617, D/ A converters 618
and 619, afBORG FHMitPC%20 and 621. Mapping circuit 603 includes

~differential encoding circuit 604, The baseband signal that is to be :
modul ated is serially B¢ dasehand minalydiatatingteibe pedwptedrbagserially
|nputte§n22§ut to symbol generating circuit 602 through input terminal
601.
Symbol generating circuit 602 is achieved by a =
./4—shift register. Symbol generating éircuit. 602 receives a
baseband signal with the timing of clock CL1 provided by timing
10 generating circuit 605, and converts the received baseband signal
through series-to-parallel conversion into a symbol (X,,Y ), which
is a two-bit parallel signal.
Mapping circuit ~ 603 receives the -symbol (X,,Y,)
generated by symbol generating circuit 602 with the timing of clock
15 CL2 provided by timing generating circuit 605. Mapping circuit 603
performs, to generate a piece of two-bit address data, a certain
mapping based on the received symbol (X,,Y,) or a result of
differential encoding. Mapping circuit 603 provides one bit of the
piece of two-bit address data for each of coordinate accumulators
20 606 and 607 with odd symbol timing, and the other bit of the two-
bit address data for each of coordinate accumulators 608 and 609
with even symbol timing.
Differential encoding circuit 604, if necessary,

performs differential encoding using the received symbol (X,,Y,) and
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601. Synbol generating circuit 602 is achieved by a [err] /4-shift

register. Synbol generating circuit 602 receives a baseband signal with
the timng of clock CL1 provided by timng 10 generating circuit 605, and
converts the received baseband signal through series-to-parallel conversion
into a synbol (X err],Y ), whichis a two-bit parallel signal. Mpping

circuit r | t 0, (] err] ., YEerr g 4t ed Ly I
generat i ng&g?r w?é%%%n%vi W%f?i xkrf(‘j)%f )clv(glé ﬁlSE%iZeé&?%l\%%egl%byégﬁﬁqgngCLz
generating circui 05, . _Mapping circuit 603 perf , to generate a piece
of Twm- bi (PEOTFAES BY; 5imARe SEREF AR (1 TRy BHPthe recel ved symb
(X[err],Y[err]) or aresuylt of differenti,al encoding. Mapping cjrcuit 603
provi des one bit of tFéTNgcgeFrrakdny Ciaddids SUMidengrat@R Figping signals
coordi nate accunmul ators 20 606 and 607 with odd synmbol timng, and the

other bit Bortieatiwe Bif4oshiifts OPSKa medulaichnef apporaitvst S chagrdt s a
608 and 609 with even synbol timng. Differential encoding circuit 604, if

necessasy, checkosigndilf havenig ad ehgloelr nfrequegcyhehaac edhatd ofyniied baseband

(X[err],Yerr]) and 6 :
signal. CLl1 is a clock signal having the same frequency as that
of the baseband signal. CL2 is a clock signal having the same
frequency as that of symbol data. CL3 is a clock signal having the
same frequency as that of symbol data and generates even and odd

10 symbol timing. Timing generating circuit 605 generates elapsed-
time information of even and odd symbol periods and provides the
information as a lower address for first storage unit 610, second
storage unit 611, third storage unit 612, and fourth storage unit
613.

15 Coordinate accumulators 606, 607, 608, and 609 are sift
registers and converts in series and parallel each of the addresses
provided by mapping circuit 603. Outputs from coordinate
éccumulators 606, 607, 608, and 609 are respectively provided for
first storage unit 610, second storage unit 611, third storage unit

20 612, and fourth storage unit 613.

First storage unit 610 receives an output from
coordinate accumulator 606 as a higher address and elapsed—time
information from timing generating circuit 605 as a lower address.
First storage unit 610 prestores wavefofm data corresponding to I-

.,
.
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the preceding synbol (Xerr],Y ) with the timng of clock CL2 provided by
timng generating circuit 605. Ti.m ng generating circuit 605 generates
timng signals for entire [err]/4-shift QPSK nodul ati ng apparatus 600 based
on a 5 clock signal having a higher frequency than that of the baseband
signal. CL1 is a clock signal having the sane frequency as that of the

baseband st@hedinatds (B-Somposkntsynal THaviagelrbens axk af HHPe ASrddiddnse
of synbol data. CL3 is a clock signal having the sane frequency as that" of

symhol datv@a@é%ﬂﬁﬁef%tﬁstﬁgefoaﬁgsgdg%}.ge?tyH’EOltO% D508 } g 1%6@%{;9'3’& 9o

circuit 605 generates el apsed ormat1 on even an

peri ods an vi des t | nfor I O addr ess for flrst stora

i t 610 EhE oamess ﬁéwt 5 o4 St Sy Bt 2 mesp g (i v form
storage unit 613, 15 Coor di nate accumul ators 606, 607, 608, and

609 are siFFORefhst épmr?& ddrhvkan shep QriesiBRUtpHiih eVvedasymiok Helming.

addresses provided by mapping circuit 603, Qutputs from coordinate
5 Accordingly, first storage unit 610 prestores a digital wvalue

corresponding to "X1I h{t-(2N+1)T}" in Formula 8.

a2N+1

Second storage unit 611 receives an output from
coordinate accumulator 607 as a higher address and elapsed-time
information from timing generating circuit 605 as a lower address.

.10 Second Storage unit 611 prestores waveform data cofresponding to
Q-coordinates (Q-components). The waveform data indicates response
waveforms from the lowpass filter at the time when +1 is input to
the lowpass filter with odd symbol timing, and a response waveform
when 0 is input with even symbol timing. Accordingly, second

15 storage un_it 611 stores a digital value corresponding to "ZQ,
e D{t=(2N+1)T}" in Formula 9.

Third storagé unit 612 receives an output from
coordinate accumulator 608 as a higher address and elapsed-time
information from timing generating circuit 605 as a lower address.

20 Third storage unit 612 prestores waveform data corresponding to I-
coordinates (I-components). The waveform data indicates 1/+4 2
response waveforms from the lowpass filter (in the present
specification, square root of 2 is represented by 4 2) at the time

when f1 is input to the lowpass filter with even symbol timing, and



accunul ators 606, 607, 608, and 609 are respectively provided for first
storage unit 610, second storage unit 611, third storage unit 20 612, and
fourth storage unit 613. First storage unit 610 receives an output from
coordi nate accunul ator 606 as a hi gher address and el apsed-tinme information
fromtimng generating circuit 605 as a | ower address. First storage unit

610" pr est o e/ VY ef B pPO1Eed awaee F6ENOWHEAJOL §s| 1nput wiad FdtRtsBanbol timing.
(I-conponents). The waveform data indicates response waveforns fromthe

lowpass fiAéebrainkhg,ti BRiv¥ACNsLokagkNPEAhiE0 618 |9ﬁ@f§§_fé|t&%g#%$f ogigh ue
synbol timng, and a response waveformfromthe |owpass filter en 0 is

U o "G SE GG Aha! 81 08 (B IR L AGkY ) CeL SRR B0,
ocond, SOTage Ui { ool LESELLES, D oA d LOMSO0LH DRLE oo nate
timng %enae(r:g{tnimr; aSl::io;:C%iOtQ 21%5 aashiagrllé)l\:/ve;dgggggsghd elapsed-time information
from timing generating circuit 605 as a lower address and stores
waveform data corresponding to Q-coordinates (Q-components). The
waveform data ihdicates 1/4 2 response waveforms from the lowpass
filter at the time when %1 is input to the lowpass filter with even
10 symbol'timing, and a 1/4r2 response ﬁaveform when 0 is input with
odd symbol timing. Accordingly, fourth storage unit 613 stores a
digital value corresponding to "Z(l/dr2)QB h{(t-2NT)" in Formulae
8 and 9.
Subtractor 614 subtracts the output qf.fourth storage
15 unit 613 from the output of third storage unit 612 to execute a
subtraction of the third term from the second term in Formula 8.
Adder 615 adds the outputs of third and fourth storage
units 613 and 614 to execute an addition of the second and third
terms in Formula 9. |
20 Adder.616 adds the output of subtracter 614 and the
output of first storage unit 610, namely, the first term of Formula
8, and outputs instantaneous value I(t) of I-phase signal in
Formulé 8.

Adder 617 adds the output of adder 615 and the output

9



10 Second storage unit 611 prestores waveform data corresponding to

Q coordi nates (Q conponents). The waveform data i ndi cates response
waveforms fromthe | owpass filter at the tinme when 1 is input to the

| owpass filter with odd synbol timng, and a response waveformwhen 0 is
input with even synbol timng. Accordingly, second 15 storage unit 611
stores a df)isetondl storageesyirtdi 6l  cndmelyh{ the2fit)sT} term faff Edzm@la 9,
Third storage unit 612 receives an output from coordi nate accumul ator 608

as a hi gheinddigsis fnchet apegdebhisevhnher gat)ow £ (PHa 58 N gedTerad | Permula
circuit 605 as a |l ower address. 20 Third storage unit 612 prestores
waveform data corresponding to |- coordinates (I-conponents). The

wavef orm data i ndicates 1/[err]2 response waveforns fromthe | owpass filter

(11 L0 resent, ohect bygatRteebab o bBk?, bhe! BREGRETLESHRAPE B b2 lnco
09 v By A RSSO, RSB, Lo et 004 SYEBel Hoigie

620 to a mixer that is not shown in the drawing. The mixer

mulfiplies the output of D/A converter 618 by the carrier wave.
D/A converter 619 converts the output of adder 617 into

the analog signal and outputs the analog signal via output terminal

10 621 to another mixer that is not shown in the drawing. This mixer
multiplies the output of D/A converter 619 by the carrier wave
which is input wvia a phase shifter. These two quadrature
components of the carrier wave generated in this way are added and
output to a transmitting circuit not shown in the drawing.

15 ' As is apparent from the above description, a response
waveform corresponding to "I, h{t-(2N+1)T}," namely, the first
term in Formula 8, and a response waveform corrésponding to "ZQ,
sy D{t—(2N+1)T}," namely, the first term in Formula 9, may be
generated_ from the same waveform data. Also, a. response waveform

20 corresponding to "X (1/4 2)I, h(t-2NT)," namely, the second term in
Formulae 8 and 9, and a response waveform corresponding to "3
(1/«f2)Q, h(t-2NT)," namely, the third term in Formulae 8 and 9,
may be generated from the same waveform data. That means first
storage unit 610 and second storage unit 611 of the conventional

10



corresponding to [err](1/[err]2)I[err]h(t-2NT)" in Formulae 8 and 9. Fourth
storage unit 613 stores an output from coordinate 5 accunul ator 609 as a

hi gher address and el apsed-tine information fromtimng generating circuit
605 as a | ower address and.stores waveform data corresponding to

Q coordi nates (Q components). The waveformdata indicates 1/[err]2 response

wavef or ms i pgn- s WEFE OYPBRS oduEit Bigt BpphirABushegod s8okBPUWhd Oshhie filter
- lowpass filter with even 10 synbol timng, and a 1/[err] 2 response waveform

when O 1S aBeL v b odd engDAnid Uiic PRISNTINGYa0d LR 10V 28RaUHduren

613 stores i gital ue- corresponding to err )Clerr] 2NF) "
act 614 btracts the outputlgé fourth stog%y%y

PRRCRIR 2t R it e b A e ceffcenicy

subtraction _of the third termfromthe second termin Fornmula 8. Adder_ 615
adds the oBPMErs &oHWaHsT ANFISRARSH Js‘io‘i%e“%‘??% 824 E’HE 62Rafd tyy &f,ROMs

an addition of the second and third terns in Formula 9. 20
Adder 6F6 h6dd tacamuiptrease sibttheccdrceis amalehevbichugengratesta uokieam
unit 610, namely, the first termof Fornula 8, and outputs instantaneous
val ue | (t)infcbsphasd ai giskdvantage in achieving the circuits in LSI.
Furthermore, transmitting the signal modulated with the
above construction_with burst transmission causes another problem
in that the frequency band of the transmission signal expands due
10 to an enormous spurious emission generated by a steep rise of the
transmission signal.
A method for preventing the problem is known in which
a certain ramp period is set before and after the transmission of
the modulated signal so that the transmission signal rises and
15 falls smoothly according to the envelopes in the ramp periods.
This processing is known as ramp processing. In the conventional
ramp processing, the amplification factor of the tfansmission
amplifier is smoothly increased or reduced so that the level of the
trénsmission signal smoothly riées and falls. However, it is
20 difficult to éhange the amplification factor of the transmission
amplifier, that 4is, to correctly chénge the level of the
transmission signal according to the function selected as an
optimal ramp waveform. Therefore, it has been difficult to perform

the ramp pfocessing accurateiy.

11



Forrmula 8. Adder 617 adds the output of adder 615 and the output 9 of
second storage unit 611, nanely, the first termof Fornmula 9, and outputs
i nstant aneous value Qt) of Q phase signal in Formula 9. DA converter 618
converts the output of adder 616 into 5 the anal og signal and outputs the
anal og signal via output termnal 620 to a m xer that is not shown in the

dr awi ng. The m xer multiplies the output of DA converter 618 by the

carrier wave. DA converter 619 converts the output of adder 617 into the
.anaj og si q&d(ﬁ‘utﬁ_‘ sn}.;ﬁqﬁw&[]og signal via output termnal 10 621 to
anot her m that 15 not snown 1 n the drawng. This mxer nultiplies the

phase shifter  THEbels: KBCEEAGER Hib CRIGERCAFSCEr BRESERY (dveRbkon to
generated in this way are added and output to a transmtting circuit not

shown i n RFROWHrdK\ AgPhase modulating apparatus which has a simple circuit

5 construction by effectively using waveform storage units and which

generates a modulated signal with which an accurate burst

transmission is possible.

The above object is achieved by a phase modulating

apparatus including: storage means for storing waveform data

10 including a plurality of wéveforms used for rise ramp processing,

a plurality of phase waveforms used for both I-component and Q-

compongnt of a plurality of transmission symbols, and a plurality

of waveforms used for fall ramp processing; converting means for

converting each of a dummy symbol for the rise ramp processing, the

15 plurality of transmission symbols, and a dummy symbol for the fall

ramp processing into the i-component and the Q-component, wherein

the dummy symbol for the rise ramp processing, the plurality of

transmission symbols, and the dummy symbol for the fall ramp

processing are provided in time series; address providing ﬁeahs for

20 outputting alternately during one symbol period the I-component and

the Q-component converted by the converting means as addresses of

the storage means; separating means for fetching an Iécomponent

waveform and a Q-component waveform which are read alternately from

the storage means and outputting simultaneously the I-component

12



15 : As is apparent fromthe above description, a response
waveform corresponding to [err] h{t-(2N+1)T}," nanely, the first termin
Forrmula 8, and a response waveform corresponding to [err]
[err]h{t-(2N+1)T}," namely, the first termin Fornula 9, may be generated
fromthe same waveformdata. Also, a response waveform 20 corresponding to

[erT] (1/ [ afdv@Ebiar rAnd) (the ND-compaiint wiee 56£RRd angl "ednb i AcaBsarkbr

9, and a response waveformcorresponding to [err] (1/[err]2)Qerr]

h(t:2NT)fbdﬁﬁ@%ih?tQﬁetWié$ﬂééﬁgﬂ@ 595@?5?& G defe BBYo ggﬂgﬂﬁr%kﬂ%fo m

fromthe sanme waveTl orm dat-a. at neans first storage unit 0 and secon

st orage unj h o] Loral [.err]/4-shi.ft S | ati ng
apparatusqg% S o?%o hghga%ésg%ﬁggﬁgdéggps t#s?tﬁiﬁ%ﬂ%éﬁ%ﬁ%#?%ﬂ% rd
storage unit 612 and fourth storage unit 613. Cenerally, such storage units
2re aohi eved by Rovb. WLHBWBUER. 3, FERBRERSCE AR, HERR ABRTASH RS ARG e
ROMs 5 |lead to an increase in the circuit scale, which generates a problem

i n cost SarRf ek Rl vmagehown dealevi ngThRe rampe Prosessing may be performed

very easily since circuits for controlling the gain of a
transmission amplifier are not required since.ramp rise waveforms
and ramp fall waveforms are read from the storage meané
respectively before and after the transmission data transmission

10 section and the read waveforms are combined into symbol waveforms
via the separating means and the combining means. Furthermore,
this construction has succeeded in reducing the storage capacity
since the same waveforms are used in the transmission section for
both I-component and Q-component by setting the address providing

15 means and the separating means respectively before and after the
storage means.

The address providing means of the above phase
modulating apparatus may include: timing generating means for
generating . first timing iﬁformation which indicates any of a risé

20 ramp processing section, a transmission section, and a fall ramp
processing section and second timing information which indicates
the symbol period used in each of the rise ramp processing section,
the transmission section, and the fall ramp processing section;
selecting means for selecting alternately during one symbol period

13



Furthernore, transmtting the signal nodulated with the above construction
with burst transm ssion causes another problemin that the frequency band

of the transm ssion signal expands due 10 to an enornous spurious eni ssion
generated by a steep rise of the transm ssion signal. A nethod for

preventing the problemis known in which a certain ranp period is set

bef ore and @i¢ el-thmponantmansi drhefQ+tempodahat edrsientald doy t hhe domverting
transm ssion signal rises and 15 falls snoothly according to the envel opes

in the ranmesisodecorlifghieradtd NgetondNeWhing raifoiHOERss) Nend! Ardiftting
conventional ranp processing, .the anplification factor of the transm ssion

ahplifier ifesi®od¥ ¥ ifHtaase dn0hake Qgeﬁng EB%BSEQQaEEVﬁ%a?%,E%%erein the

transm ssion signal snoothly“rises and fa wever,

diifiout tpehange tho i tieati 0n Lo oLasfoLbe (AN oSE0 AWLL N Sleng

that is, to correc ange : ransm ssion Signal~accor
0ok, THTCH POERELESA SCrad, a0a Al Bl DS o127 S Ll £rom
the selecting means. | |
The address providing means of the above phase
modulating apparatus may include: I-shift register for accumulating
I-components of a certain number of symbols converted by the
10 converting means and outputting the I-components in parallel; and
Q-shift registe: for accumulating Q-components of the certain
number of symbols converted by the converting means and outputting
the Q-components in parallel; wherein the selecting means selects
alternately an output from the I-shift register and an output from
15 the Q-shift register.
The séparating means of the above phase modulating
apparatus may include: first delay means for delaying the I-
component waveform output from the storage means; and second delay
means for delaying the Q-component waveform output from the storage
20 means so that the second delay means is synchronized with the first
delay means in outputting.
Furthermore, in a m/4-shift QPSK modulating apparatus
achieving the above object, the switching means selects alternately

an output from the I-coordinate accumulating means and an output

14
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SUMMARY OF THE I NVENTION It is therefore an object of the present invention
to provide a phase nodul ati ng apparatus which has a sinple circuit 5
construction by effectively using waveform storage units and which

generates a nodul ated signal. with which an accurate burst transm ssion is
possi bl e. The above object is achieved by a phase nodul ati ng apparat us

I ncl udi ng: £5610r &he nNPadSofdinater iargummNeitdnyg daéani0 doudndling sBoplaurskityh
of waveforns used for rise ranp processing, a plurality of phase waveforns

used for bofdhdr COWRPBRNG sAFd s@erC WM 6 e Of ifle PhHEBknbY i@, IAHE B SIS a
synbol s, and a p1 urality of wavefornms used for fall ranp processing;

convertin o) ert eagh #gﬁggy t i

processi ngsf tﬂe ?ch plil:# aiityéggofrgng%gggpg%%nbo S, af;l I%agﬁdl ft%i/jr:rbo tex
for the fall ra [ ocessi I nto, the I-caonponent d the comnmponent

wher ein t HES A SORAGTREF HIRSF| (8r, anfoRrBoRonting M Tithrand
transm ssion synbols, and the dunmy synbol_for_the fall ranp processing, are
provideéi¥ﬁ¥Pﬂ%S§eW?8§?°§HUF3§@rﬁ(ﬂHQHFQFnéh%EeFoFO ap Q-coordinate “input

(or a corresponding ramp waveform) may be generated in a similar
process based on the same response waveform from the digital
filter. Accordingly, the rise ramp means, the filter means, and
the fall ramp means may be used for both I-coordinate and Q-

10 coordinate. That means, the response waveforms from a digital
filter to an I-coordinate input and Q-coordinate (or corresponding
ramp waveforms) may be alternately butput with the frequency of the
switching signal. 'Thé separating means separates the response
waveforms from a digital filter to an I-coordinate input and Q-

15 coordinate (or corresponding ramp waveforms) into two streams which
respectively correspond to the I-coordinate and the Q-coordinate.
Therefore, the m/4-shift QPSK modulating apparatus of the present
invention has succeeded in reducing the number of storage units
half that of the conventional m/4-shift QPSK modulating apparatus,

20 which includes the filter means for each of the I-coordinate and
Q-coordinate input to filters. This indicates that the m/4-shift
QPSK modulating apparatus of the present invention has such a
construction as reduces the number of circuits as a whole and makes
it easier to achieve the-whole apparatus in an LSI chip.

15



20 outputting alternately during one synbol -period the |I-conponent and the
Q conponent converted by the converting neans as addresses of the storage
nmeans; separating neans for fetching an |-conponent waveform and a

Q component waveform which are read alternately fromthe storage neans and
out putting sinultaneously the I-conponent 12 wavef orm and t he

Q conponent wavef or m raRdHEHYPE NG iRans [ YosIBI & Ngo t hSe L FELAPOLREL ramp
wavef orm and the Q conponent waveform output fromthe separating nmeans into

a symbol %%%giﬁ%m éir%év‘&xaf&%”sﬁﬁk'%i Psd NG TS eaﬂﬁaﬂﬁxémgu‘}%wsfgll

5 effectively as s e ranp processing nmay be perfornmed very
easily since circuits far, cantroll.ing.th ain _of a transm.ssion_anplifier
Sre not r RN st e Tl risea Rt chnRsahoratt R b8 sither pns
fromthe storage neans resgectively before ,and after .the transni%siom dat a

transmi ssi SRERELE ARG ARG QI FETR PELSORs Dot TYdRgi REadnSmt §hey Fse ramp

wavefornms via the separating neans and the conbi ning nmeans. Furthernore,
5 means, and fall ramp means. This enables the present apparatus to

perform accurate burst transmissions by having an embedded circuit
for the ramp processing, while the conventional m/4-shift QPSK
modulating apparatus has this circuit externally.
Bach of the rise ramp means, the filter means, and the
10 fall ramp means of the present m/4-shift QPSK modulating apparatus
may include an odd storage unit and an even storage unit, wherein
the odd storage unit stores response waveform data of a digital
filter and also stores burst rise ramp waveform data and burst fall
ramp waveform data which each correépond to the response waveform
15 data of a digital filter, wherein the response waveform data of a
digital filter is generaied at a time when an I-coordinate and a
Q-coordinate of an odd signal.point are input to the digital filter
by recognizing the ramp period notification signal, an output from
the switching means, and the time information as an address,
20 wherein the even sforage unit stores response waveform data of a
digital filter and also stores burst rise ramp waveform data and
burst fall ramp waveform data which each correspond to the response
waveform data of a digital filter, wherein the response waveform
data of a digital filter is generated at a time when an I-

16



this construction has succeeded in reducing the storage capacity since the
sanme waveforns are used in the transm ssion section for both |I-conponent
and Q conponent by setting the address providing 15 neans and the
separating nmeans respectively before and after the storage neans. The
address providing neans of the above phase nodul ati ng apparat us may

include: tighpg; H80ET #hd "W HESESrdHatde WY Arl rdi silgriallMped nith sl to
whi ch indicates any of a rise 20 ranp processing sectlion, a transm ssion

section. apfla ol 4R PEASCRY N Ll o andnaecanth bl 9ol HABII A on

whi ch i ndi cates e's eri used”in eath e ranp processing
section, the transm ssion,sectiqn, and,the fall .ra rocessin ect.ion; .
sel ecting Fe9R8 foraQeIQHFPH% a&F@Pnaggﬁy 3@?Fﬁ@lﬁgg 5??@&’ pé&“gd time
the I-conponent and the Q conponent converted by the converting ppans
accor di ng iBfeEEatiennas 13 3ANeFor nEIBRregn§O ApGREenYREEand fhlter means

I nputting an address into the storage neans, wherein the .
5 of the conventional m/4-shift QPSK modulating apparatus’ is

achieved by a storage unit storing filter response waveforms for
I-coordinate inputs, eéch storage unit of the present apparatus
requires a larger storage capacity than the conventional filter
means since each storage unit stores ramp waveform data. However,
10 the present apparatus performs accurate burst transmissions by
having an embedded circuit for the ramp processing, while the
conventional m/4-shift QPSK modulating apparatus has this circuit

externally.

BRIEF DESCRIPTION OF THE DRAWINGS
15 " In the drawings:l
Fig.1l shows symbols (X,,Y,) mapped on a two-dimensional
I-Q -coordinate;
Fig.2 is a block diagram showing the construction of a
cbnventional mt/4-shift QPSK modulating apparatus;

20 Fig.3 is a block diagram shoﬁing a partial construction
of the wn/4-shift QPSK modulating apparatus of the present
embodiment;

Fig.4 shows the ramp period in a slot of a Time Division

17



address includes a first partial address, which is the first timng 5

I nformati on, and second partial address, which is an output fromthe

sel ecting neans. The address providing neans of the above phase nodul ati ng
apparatus may include: I-shift register for accumulating |I-conponents of a
certain nunber of synbols converted by the 10 converting neans and

out put t i ngmiltei ple oy s Ring Miaridieh ; Duaplbex) ¢TDMA/TPD) SEeameoland shows a
accurrul ati ng Q conponents of the certain nunber of synbols converted by the

conyerti ngriMRNFaveto At Gerhétaged he Q conponents in parallel, wherein the
sel ecting neans selects alternately an output fromthe I-shift register and

an output from 15 the shifi.regi ster. ep | s ;aof & q£ﬂ¥
Phase nDduI?ting ?ppaF§??§ j%? ?ﬁc?ﬁgé:tgﬁggﬁ d%*géiﬁ ags 0F9§§g§§ing éls
- conponent_wavef orm out put.fromthe_ storage_means; and second del ay neans

for del ayi FPEHREYS RB¥pdn ﬁTlﬂﬂv%?B?ﬁ?gﬁPguglFF8ﬁ1fhe storage 20 means so

that the second delay_peans is synchronized with the first delay neans in

out putt Png. Further noF&9-fnis pertiipe-chagt owingdtiet PRETappIPattiging of

achi eving the above object, the switching nmeans selects alternately :
a switching circuit and separating circuit;

Figs.7A and 7B show the relation between data stored in
storage uhits and waveform data which is read from the storage
units according to the two-MSB addresses given as address signal

10 Tc;

Fig.8 shows a separating circuit; and

Fig.9 shows eye patterns representing the waveforms
output during two symbol periods (including even and odd) in a

general transmission.

15 RIPT T : N
Fig.3 is a block diagram showing the construction of
nx/4-shift QPSK modulating apparatus 100 of the present
embodiment.
7t /4-shift QPSK modulating apparatus 100, which is
20 achieved in an ILSI chip, includes ramp period detecting circuit
101, timing generating circuit 102, input terminal 103, symbol
genérating circuit 104, wmapping circuit 105, coordinate
accumulators 106, 107, 108, and 109, switching circuits 110 and

18



an output fromthe I-coordinate accunul ati ng neans and an out put 14 from
the Q coordi nate accunmul ati ng neans according to a swtch signal, which is
faster than the tinme information, and outputs a sel ected out put. Also, a
response waveformfroma digital filter to an I-coordinate input (or a
correspondi ng ranp waveform) and a 5 response waveform froma digital :
filter toian,Qsoerdyeatiaiitspill2 eind T3, esepadhidngaryl noavafsorim4 nayd bels,
generated in a simlar process based on the same response waveform fromthe

digital f'édk%racﬁ?&:@rﬁﬂﬁg'lédd@i% nise rede, n&ﬁaSnbhe fn'dt A ESPer888s t N80

fall ranp neans nmay be used for both ‘| "Coor di nat e and coor di nat e.
That nean h espo fo m | t .-600
i nput andsa(s&cogr(} natgﬁégﬁ §rrée{s%%é1%?n 1%5d gh%g\l'fe osjr n%.fff@r@@gﬁ.a teérﬁégé#ﬁg

Cephr at 65 T JURY dbdrene 2 | S s PUPSe eittes dad” ebl ARRRFL2S

I nput and Q 15 coordinate (or, correspondi ng ranp maveforns) into two
streans® Wake& external circuits connected to m/4-shift QPSK modulating

apparatus 100.

Fig.4 shows the ramp period ip a slot of a Time Division
Multiple Access/Time Division Duplex (TDMA/TDD) frame and shows a
ramp waveform generated.

10 As has been described earlier, in the burst transmission
of a modulated signal, the frequency band of the transmission
signal expands due to an enormous spurious emission generated by
a steep rise of the transmission signal. Therefore, for a
communication system_that performs burSt'transmissions with a

15 digital modulation method such as m/4-shift QPSK, generally a
certain ramp period is set for each of the burst rise and burst
fall so that the ramp processing on the transmission signal is
performed in the ramp periods.

For example, as shown in (a) SLOT of Fig.4, each slot

20 of TDMA/TDD frames for PHS (Personal Handyphone System) is assigned
625usec in which 240 bits of data may be transmitted with 384KB/sec
of physical transmission rate. The first four bits of each slot
are used as ramp bits for the burst rise, and the last 16 bits as
guard bits. The guard bits form a non-transmission section that
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respectively correspond to the I-coordinate and the Q coordi nate.
Therefore, the [err]/4-shift QPSK nodul ati ng apparatus of the present

i nventi on has succeeded in reducing the nunber of storage units half that
of the conventional [err]/4-shift QPSK nodul ati ng apparatus, 20 which
includes the filter means for each of the |-coordinate and Q coordinate

input to fiikteses Tbi prievéintatiase t BadnsMesseon] atshi forfdPSKI A§JWfFHd®d by .
apparatus of the present invention has such a construction as reduces the

number of ghhediohs aemPs¥Nehs YW RBKESs! byPagtREr! @ F Jﬁvc,e {/B%e \g/nol €1t is

apparatus in an LSI chip. 15 FurthernDr , It 1I's possi to performthe
ranp proce r S [ nd the_bur faII S ctlon
Since the PoGaamiont The T it En “ERoVRE FBF, bH5aed The dorel t< and
|nclud|ng of _t eriod notjf neans,_ the rise ranp 5 neans, and
fall ranp ﬁgﬁﬁg ‘Ll’ﬁ%g gﬁaﬁ §t?ﬂﬁl%ie ap@a?%'t uhe ofd rg)(ﬁ%ra&’tﬁ'%t%f the
burst transm ssions by haV|n8 an enbedded circuit for the ranp processing,
while t e YA¥EnPisRaRrEepFRA4as8hramp (pide for the burst fall. The baseband

signal is not input to the last 12 bits of the guard bits.
Therefore, on ending the ramp processing of the ramp bits for the
burst fall, m/4-shift QPSK modulating apparatus 100 ends the
modulating pfocess. |

10 The four bits in each of the burst rise and fall are
input wvia input terminal 103 as a baseband signal representing
dummy data. The ramp waveform as shown in (c) MODULATION SIGNAL
of Fig.4 is output based on the baseband signal. The ramp waveform
rises and falls according to a smooth envelope. This ramp waveform

15 is obfained by multiplying a gate signal as shown in (b) GATE
SIGNAL of Fig.4 by a modulated signal combined according to the
baseband signal.

The baseband signal having substantial data is input
during the 220-bit section (hereinafter referred to as "general

20 transmission") sandwiched by the ramp bits.

Ramp period detecting circuit 101 receives clock CK
being the same clock signal as that provided for timing generating
circuit 102 and receives transmission trigger signal TXTRG, which
indicates the transmission start of the modulated signal, from an

20



nodul ati ng apparatus has this circuit externally. Each of the rise ranp
means, the filter nmeans, and the 10 fall ranp neans of the present
[err]/4-shift QPSK nodul ati ng apparatus may include an odd storage unit and
an even storage unit, wherein the odd storage unit stores response waveform
data of a digital filter and al so stores burst rise ranp waveform data and

burst fallexesEnyBvel enentasachhashacaoaceirespend to the response
waveform 15 data of a digital filter, wherein the response waveform data of

a digital filter is opagpabefisl QetéfBiNGCHiARult COPL M dtEs AWt ing clock

Q coordinate of an odd sighal point are input to the digital filter by

R Bt e e R e < S S Sy

2150 ot or LS 2 HAAERamth R o AP S0 B o g ST dio LRRSE
whi ch each correspond to the response waveformdata of a digital filter
wher ei n 5t Hela eIz armicredr h0fait® dF /4-ah§fEaRPEK| medulating appake bis 100,
time when an |- 16 _ _

allowing 100 to start processing. '

Ramp period detecting circuit 101 recognizes the start
of rise ramp processing when the count.value of clock CK becomes
equal to the delay of the start of modulation processing from an

10 input, namely, to the response délay of digital filter for an
input, after transmission trigger signal TXTRG becomes active.

Ramp period detecting circuit 101 outputs "01" as
address signal Tc to storage units 112 and 113 while continuing to
count clock CK. Address signal Tc being composed of two bits is

15 used as two MSBs (Most Significant Bits) in the addresses of
storage units 112 and 113. The storage areas in storage units 112
and 113 indicated by.the two-MSB address "0l" store ramp waveform
data for rise ramp processing corresponding to the two-dimensional
coordinate data used in the rise ramp processing.

20 | Ramp period detecting circuit 101 recognizes the end of
rise ramp processing when the count value of clock CK becomes equal
to the time period between the time when transmission trigger
signal TXTRG becomes active and the time when rise ramp processing

ends. At the same time, a baseband signal being substantial data

21



coordi hate and a Q coordi nate of an even signal point are input to the
digital filter by recognizing the ranp period notification signal, an

output fromthe switching nmeans, and the tine informati on as an address.
Conmpared to a case where a filter nmeans 5 of the conventiona

[err]/4-shift QPSK nodul ating apparatus is achieved by a storage unit
storing fiild einpagpasise Wapeforterhial - A0 dioatze /4rghtist eERSKSmaudadating
unit of the present apparatus requires a |arger storage capacity than the

convent i oRRpAHdthd 1MRANS A o E&PLEG SEOEE8EiHG1 £1 BEALES 10AMBUPHRIO™DO" as
data. Howevér, 10 the present apparatus perforirs accurate burst

v gy . . . . L nq, :

the convertee KN, 3 S SRIGRd il 112 ohS T WETETRRE g %o
t | I'y. BRI EF., DESCRI PTI OF THE_DRAW NGS 15 .

i avi ngs: ‘G9RG SHORE Sbol TR EEPFRSS] BFFFF HbRtiPTReS: FRGLR: hiAsABhI113

| -Q coordinate; Fig.2 is a block diagramshow ng the construction of a

convent F oddidicated ys rworM8BsrAdsgssat' PAg appEe aregponse waveform data from

a lowpass filter such as a route Nyquist filter to an input of two-
dimensional coordinate data which is obtained from a general-
transmission baseband signal.

Also, ramp period detecting circuit 101 recognizes the

10 start of fall ramp processing when the count.value of clock CK
becomes equal to the time period'between the time when transmission
trigger signal TXTRG becomes active and the time when fall ramp
processing starts. A baseband signal being certain dummy data is
input wvia input terminal 103 to . m/4-shift QPSK modulating

15 apparatus 100. Ramp period detecting circuit 101 outputs "10" as
addregs signal Tc to storage units 112 and 113 while continuing to
count clock CK. The storage areas in storage units 112 and 113
indicated by two-MSB address "10" store fall ramp waveform data
corresponding to the two-dimensionél coordinate data for the fall

20 ramp processing.

Ramp period detecting circuit 101 recognizes the end of
fall ramp processing when the count value of clock CK becomes equal
to the time period between the time when transmission trigger
signal TXTRG becomes active and the time when fall ramp processing

22



20 Fig.3 is a block diagram show ng a partial construction of
the [err]/4-shift QPSK nodul ati ng apparatus of the present enbodi nent;

Fig.4 shows the ranp period in a slot of a Tinme D vision 17 Mul tiple
Access/ Tinme Division Duplex (TDVA TDD) franme and shows a ranp waveform
generated; Fig.5is a tinme chart showing the timng signals generated by a
ti m ng genendsingThiscallows xr/4-shift QHEK) modid atingreapperatssobdbgtohend
operation timng of a switching circuit and separating circuit; Figs.7A and
7B show t heheehatiuaR theigveddcdadlsy stored in storage units and waveform data
which is read fromthe storage units according to the two-MSB addresses

given as address signag; kol Gerfer@t8 ngh Y8 1 $CRBLALLRE raiteSU L ocRBdTHL 86 as
shows eye patterns represer%| ng the v@e\f{%rms

shown in Fig.5 based on clock CK which is provided from an external
5 element and is a clock signal having a frequency higher than the
bit rate of the input baseband signal; .Clock Tl (four bits in
Fig.5) represents a éounﬁ_vélue of clock signal CK between an odd
symbol timing opportunity and immediately before the next odd
symbol timing opportunity and is provided for storage units 112 and
10 113.. That is, clock Tl is elapsed time information indicating a
time elapsed during two odd/even.symbol periods. Clock T2 is a
clock signal having the same frequehcy' as that of the input
paseband signal. Clock T3 is a clock signal having the same
frequency as that of one symbol. Clock T4 is a clock signal having
15 the same frequency as that of two symbols. Clock T5 is a clock
signal having a re&ersed phase of clock T4. Clock T6 is a switch
signal having a switching speed twice the count of clock Tl that

is elapsed time information.
Input terminal 103 is used to input a baseband signal,
20 namely serial data as a signal to be modulated, to m/4-shift QPSK

modulating apparatus 100.

| Symbol generating circuit 104 is achieved by a shift
register. Symbol generating circuit 104 receives a baseband signal

with the timing of clock Tl provided by timing generating circuit
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out put during two synbol periods (including even and odd) in a general
transm ssion. 15 DESCRI PTI ON OF THE PREFERRED EVMBODI MENT Fig.3 is a bl ock

di agram showi ng the construction of [err]/4-shift QPSK nodul ating '
apparatus 100 of the present enbodinment. [err]/4-shift QPSK nodul ati ng
apparatus 100, which is 20 achieved in an LSl chip, includes ranp period
det ecti ng tDRguiandOtonviexitisy teaerredeiyes rbaseband signal « dpni periess,and
synbol generating circuit 104, napping circuit 105, coordi nate
accumul at opara@bel 167, gdriratandyhiihl Wi f ¥ hi,nghdichcist soridsehdof Ssuccdddive
storage units 112 and 113, separating circuits 114 and 115, subtractor 116,

adders 117¢ywd18i¢3Ndnlife BAdeBaNac@iYRiallers 120 and 121.  Mapping circuit
105 includes differential encoding circuit 105a. Mxers 122 and 123, phase

fgiiifz;;ﬁﬁ%taggsﬁdgggﬁﬁégfﬁb%ﬁﬁcﬁﬁkeﬁ@@lr%E%ﬁ@E%StﬁgngﬁﬁEﬁﬂ data generated

5 by symbol generating circuit 104 with the timing of clock T3 having

the same frequency as that of symbol data, the clock T3 being

provided by timing geﬁerating circuit 102. Mapping circuit 105

performs a certain mapping based on the received symbol data or an

encoding result of differential encoding circuit 105a to generate

10 a piece of two-bit two-dimensional coordinate data representing an
address.

Now, an example of two-dimensional coordinate data
output from mapping circuit 105 is described with reference to
Fig.l.

15 As previously mentioned, a signal point represented by
~ a quadrature signal (I,,Q,) becomes ény of signal points A-D and any
of signal points E-H alternately. Also, the coordinates of points
A-D are respectively represented as A(1,1), B(-1,1), C(-1,-1), and
D(1,-1) on a two-diménsional coordinate represented by vector I«
20 and vector Qa as the axes. Also, the coordinates of points E-H
are respectiveiy represented as E(1,1), F(-1,1), G(-1,-1), and
H(1,-1) on a two-dimensional coordinate represented by vector IS
and vector QB8 as the axes.
Here, suppose a baseband signal "1, 0, 1, 1, 0, 0, O,
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apparatus 100. Fig.4 shows the ranp period in a slot of a Tinme Division

Mul tiple Access/ Tine Division Duplex (TDVW TDD) frane and shows a ranp

wavef orm generat ed. 10 As has been described earlier, in the
burst transmi ssion of a nodul ated signal, the frequency band of the .
transm ssion signal expands due to an enornous spurious em ssion generated
by a steepl,ri.se” dfs tivput ansnispubntesminal . 103 . Thahemr esymbol generat:.ng
comuni cation systemthat perforns burst transm ssions with a 15 digital

nmodul at i oncireehod $04hgaset8tés/ 4-SddidnddP € Wt | yyrbsEs t XD, Yaye (1,0),
period is set for each of the burst rise and burst fall so that the ranp

pr ocessi ng =lha | lnyi S r aryeghify the r For
exanpl e, as(ﬁg g{%?l i(IEL ?' 3%81‘ %m%' Ig&?h'ﬁpotEjOZOj:I)of TDN%/H'?B%%P%EL%S for

PHS (Personal Handyph ste ed.625psec 4 ts.of
data may be transm ttg??fm? n}tﬁﬁ}%gc pl%? ot L tFéﬁs%éé"f%%ngggg q.ﬁethe
first four bits_of each s|ot are used as ra s for the burst rise, an
the | ast® 1818P8¢ ROIGLS Lpiicatese byudhe bgg‘@gf’i?mkﬁ/ AP RE afAnE oﬁ’ﬁ“’lng H

section that 19 _ o
shown in Fig.l as a standard point. For example, it is found from

Table 1 that tbe odd symbol (X1,Y1) indicates.signal point D having

phaée difference -mw/4 between itself and point H. The signal

point D is represented as D(1,-1) on a two—dimensional coordinate

10 represented by vector Ia and vector Q@ as the axes. Note that "-

1" is represented as "0" since "-1" cannot be represented by one

bit. Mapping circuit 105 outputs two-dimensional coordinates

D(1,0) as the mapping ré'sult for symbol (X1,Yl). The first bit "1"

of the two-dimensional coordinates D(1,0) is output té coordinate

15 accumulator 106, and the second bit "0" to coordinate accumulator
107.

Similarly, the next even symbol (X2,Y2) indicates signal

point F having phase difference -3mw /4 between itself and point D.

The coordinate values of signal point F are represented as F(-1,1)

20 on a two-dimensional coordinate represented by vectors I8 and QB

as the axes. Mapping circuit 105 outputs two-dimensional

coordinates F(0,1) as the mapping result for symbol (X2,Y2). The

first bit "0" of the two-dimensional coordinates F(0,1) is output

to coordinate accumulator 108, and the second bit "1" to coordinate
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Is set to prevent the transm ssion data from being affected by spurious
em ssions or noises by other electric waves. It is determned that the
recei ver should not regard the ranp bits and guards bits as substanti al
data. Also, the first four bits of the 5 guard bits are used as ranp bits

for the burst fall. The baseband signal is not input to the last 12 bits of
t he guar dabchswlBhorefl@®, on ending the ranp processing of the ranp bits
for the burst fall, [err]/4-shift QPSK nodul ati ng apparatus 100 ends the

nodul ating process. Idimilarly, the He&kt @dd Rynbdln @@3GlY30f ihlkddcatgest sigaal
and fall are input via input term nal 103 as a baseband signal representing

dumy dat gosnle: APLIBVERQLE A5 SHIORACN A7) MIMIAH Qi AP e pBLEL .

I s out put*based on and signal. The ranp waveformrises and falls
T O Do OO YRS o PR IMELRLTA % QY (0,01
nDduIahsdTigg%%Lsgoggknﬁguaggoggkggtt%otggoggiggggdagégﬁﬁiator 106, and the
second bit "0" to coordinate accumulator 107. The next even symbol
(X4,Y4) indicates signal point H having phase difference 3w /4
between itself and point C.. Mapping circuit 105 outputs two-
dimensional coordinates H(1,0). The first bit "1" ié output to
10 coordinate accumulator 108, and the second bit "0" to coordinate
accumulator 109.

Differential encoding circuit 105a if necessary performs
differential encoding on the symbol data received by mapping
circuit 105. More specifically, differential encoding circuit 105a

15 obtains the signal point of symbol (X,,Y,) by storing in advance a
conversion tabie corresponding to Table 1 and storing at least one
éignal point indicated by the preceding symbol (X,,,¥,,).

Coordinate accumulator 106, achieved by a shift
register, accumulates Ia-coordinates one bit by one bit for each

" 20 .odd symbol timing opportunity, and outputs a certain number of
accumulated bits, for example, five bits of Ia-coordinates as five
higher bits succeeding to the two MSBs in storage unit 112 to
switching circuit 110. Acéording to these five higher bits, filter

response waveform (or ramp waveform) data corresponding to the Ia-
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The baseband signal having substantial data is input during the 220-bit
section (hereinafter referred to as "general 20 transm ssion") sandw ched
by the ranp bits. Ranp period detecting circuit 101 receives clock CK being
t he sanme clock signal as that provided for timng generating circuit 102
and receives transm ssion trigger signal’ TXTRG which indicates the
transni ssi ghosdBidtey ddpmtmadithatoad sypboll, timbngans2fead £xomr sbregemmmit
such as a TDVA circuit. Ranp period detecting circuit 101 starts counting
clqck CK whep transmi ssion trigger signal TXTRG becones active. This
al l ows a baseband signal representlng substantial data to be input 5 via

I nput term nal 103 tpﬁéggégggt%hl gq%aiéggyﬂzg-pg I Abdi$ 1Qg al | Qg

100 to start processi erio ectl ng CIrCUIt 1 recoghi zes the
oSS AAPA, PACEREL R B o PR B Oy LB o BEECEER cach
5 odd symbol timing opportunity, and outputs a certain number of
accumulated bits, for example, five bits of Qa-coordinates as five
higher bits succeeding to the two MSBs in storage unit 112 to
switching circuit 110. According to these five higher bits, filter
response waveform (or ramp waveform) déta corresponding to the Qa-
10 coordinates input with odd symbol timing is read from storage unit
112,

Coordinate accumulator 108, achieved by a shift
register, accumulates IfB-coordinates one bit by one bit for each
odd symbol timing opportunity, and outputs a certain number of

15 accumulated bits, for example, five bits éf IB-coordinates as five
higher bits succeeding to the two MSBs in storage unit 113 to
switching circuit 111. According_to these five higher bits, 1/8
filter response waveform (or ramp waveform) data. corresponding to
the IB-coordinates input with odd symbol timing is read  from:

20 storage unit 113.

Coordinate accumulator 109, achieved by a shift
register, accumulates QB -coordinates one bit by one bit for each
odd symbol timing opportunity, and outputs a certain number of
accumulated bits, for example, five bits of QB-coordinates as five
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10 input, nanely, to the response delay of digital filter for an input,
after transm ssion trigger signal TXTRG becones active. Ranp period
detecting circuit 101 outputs "01" as address signal Tc to storage units
112 and 113 while continuing to count clock CK. Address signal Tc being
conposed of two bits is 15 used as two MSBs (Most Significant Bits) in
the addr epSeer Biesagmavdddinigl2tandhel twdhMSBsoriagestioragei mmsittor 448 to
units 112 and 113 indicated by the two-MSB address "01" store ranp

wavef or m dafiad diing i Serd@d® PIDPCesHEBEra2hiespottese Faviehailgherdibipresi dhaB
coordinate data used in the rise ranp processing. 20 Ranp

i od d g ol CUl | | |
peri od detaqling Lidiide M dLHAWNSE SIS WiFeBbri) SEataTROREREPERIIIG to

conmes equal to the tine period between

the ti . Ori o - . . i -
when' 1 se HATOA SeeeE TR EREs M5 hB1Eh S T REST R B TR Cre e, e
substantial data 21 IS input via input termnal 103 to [err]/4-shift

QPSK roRlulshqspge unit 113

Switching circuit 110 is achieved by a selector and the
like. Switching circuit 110 outputs addresses input from
coordinate accumulators 106 and 107 alternately to storage unit 112
with the timing of clock T6é before a current piece of elapsed time

10 information is switched to another one with the timing of clock Tl.
Fig.6 shows the output from switching circuit 110 and clock T6 at
the output.

Switching circuit 111 is, as switching circuit 110 is,
achieved by a selector and the like. Switching circuit 111 outputs

15 addresses input from coordinate accumulators 108 and 109
alternately to storage unit 113 with the timing of clock T6 before
a current pieée of elapsed time information is switched to another
one with the timing of clock T1l.

Storage unit 112 stores address signal Tc sent_from ramp

20 period detecting circuit 101 as a two-MSB addréss, stores the
outputs of coordinate accumulators 106 and 107 as addresses of bits
succeeding to the two MSBs, and stores clock Tl, namely, elapsed
time information sent.from timing generating circuit 102 as bits
succeeding to all these bits.
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apparatus 100. Ranp period detecting circuit 101 outputs "00" as address
signal Tc to storage units 112 and 113 while continuing to count clock CK -
The storage areas in storage units 112 and 113 5 indi cated by two-MSB
address "00" store response waveformdata froma | owpass filter such as a
royte Nyquist filter to an input of two- dinensional coordinate data which

i s obtained froma geRbgsl7AtandsTh sshion the otelat xonketwenn data fry@Ed dd
detecting circuit 101 recognizes the 10 start of fall ranp processi ng when

the count iyl usliesk 138 hasdnes3camal wavéberhi datpenihdethbet sieeaathgrom
time when transm ssion trigger signal TXTRG becones active and the tine

vihen -fal | g0 S QERSS N9 StRld 9137 R/VBBHG T tde RRloAMSEeddre ss@sNgiven
data is ingput a |n[$)tu%t terrfa?{lal 10??to [err]/4-shift QPSK nodul ating 15

appar at us - 100, er ] tecting circuit 101 outputs "10" as address
signal Tc 3% a'qudora e %lné{‘gﬂl'gg'and 113 while continuing to count clock CK

The storage areas-in storage units_ 112 and.113 i.ndicated WO agqcb'.e
"10" stdre fall ranp WRv8f gg%ag?aafﬁ?‘ré’& 6ﬁ8|%ﬁ8 gé’ '%I’fé) P%()é (‘ﬁgr%er%%ona th
coordinate data for the fall 20 ranp processi ng. Ranp peri od.detectin .
circuit 1CHtQBREYni 04 & helbRg owaveform dat of 8enera1 transmission

corresponding to Ia- and Qa-coordinates is stored. The waveform
data of general transmission is data showing the level
(instantaneous value) of the response waveform from the lowpass

10 filter such as route Nyquist filter which is given for an I«
-/Qa~-coordinate input. Storage unit 112 stores waveform data
corresponding to odd symbol timiné, that is, response waveform data
from a filtef to input %1 which are the Iq-— and Qa-coordinates of
odd symbol timing. Also, storage unit 112 stores waveform data

15 correéponding to even symbol timing, that is, response waveform
data from the lowpass filter to input 0 which is the Ia- énd Qa
-coordinates of even symbol timing.

In a storage area indicated by two-MSB address "01" in
storage unit 112, waveform data at burst rise is stored.

20 Note that each piece of the ramp waveform data stored
in storage units 112 and 113 is gained by multiplying a window
function representing (b) GATE SIGNAL shown in Fig.4 by a filter
response waveform corresponding to each of Ia-, Qa-, IB-, and
QB -coordinates. That is, if it is supposed that g(t) represents
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fall ranp processing when the count value of clock CK beconmes equal to the
time period between the tine when transm ssion trigger signal TXTRG becones
active and the tinme when fall ranp processing 22 ends. This all ows
[err]/4-shift QPSK nodul ating apparatus 100 to end the nodul ating process
Timng generating circuit 102 generates clocks T1-T6 as shown in Fig _
based on cltbek @Xngdowh funatien .de@nd o (& gdkder pad 5Q4fe Fd /D aﬁﬁSP§c§lvelY
cl ock signal having a frequency higher than the bit rate of the input
baseband siig@alantan@oask vElUdowE E+tphase FAnd 5)-phpsesefit the raupt wayefeorm,
of clock signal CK between an-odd synbol timng opportunity and imediately

before the v ol SThGkihd FHEmEDRET b¥ai g¥vand is provided for storage
units 112 and 10 113 That is, clock Tl is elapsed tinme information

i ndi cating g 4ﬂ gpsed durlng two odd/ even synbol periods. Cock T2 is
a clock signa V|ng the sane frequency as that of the input baseband
si gnal . Clock T3 is a clock signal having the sane

o0

I(t)g(t) =N}_'_'_“' Jeneh {E- (2N+1) Thg{t- (2N+1)T}

1 oo

+ — X I,,h(t-2NT)g(t-2NT)
2
1 o0

- — X Qguh(t-2NT)g(t-2NT)
A2

Formula 11

©0
Q(t)g(t) = “Z_” Quzn{t— (2N+1) T}g{t- (2N+1) T}

1 oo

+ — ¥ Ig,h(t-2NT)g(t-2NT)
2 -
1 oo

+ — X Qg,h (t-2NT) g (£-2NT)
27"

The ramp waveform in MODULATED SIGNAL (c) of Fig.4 is
obtained by cdmbining (adding) the inphase component in the carrier
wave modulated by amplifying I(t)g(t) of Formula 10 and the
quadrature-phase component in the carrier wave modulated by
amplifying Q(t)g(t) of Formula 1l.

Accordingly, the storage area in storage unit 112
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frequency as that of one synbol. Clock T4 is a clock signal having 15 the
same frequency as that of two synbols. Cock T5 is a clock signal having a
reversed phase of clock T4. Clock T6 is a switch signal having a sw tching
speed twice the count of clock Tl that is elapsed tine information. |nput
termnal 103 is used to input a baseband signal, 20 nanely serial data as a
si gnal t o iveliraechedatogd twooMEBr afidressi 101 Drionas) hiha inegrapayedord: dega for
Synbol generating circuit 104 is achieved by a shift register. Synbol

gener at i NG-idd Gtintp HHbdeaiding cor tagaimiithg i tgnatwortdimemei onal ngootdihetks
Tl provided by timng generating circuit 23 102, and converts the

recei ved basgbang) si gnat 14, Seid Sfam@) PR RIhEldaia FRRerdlse $umpObrocessing
(X[err],Y)eﬁéﬁ?Qﬂ)fs conposbd of successive two bits in the baseband

Lol B RLY (ORECSSESCLEE Y lndhie RIS Beibthe
5 burst rise, Ia- and Qa~coordinates_can'on1y be "+1" or "-1" with
odd symbol timing, and "0" with even symbol timing. This is the

same as for general transmission. |

Also, the storage area in storage unit 112 indicated by
two-MSB address "10" stéres_the ramp waveform data for fall ramp

10 processing corresponding to two-dimensional coordinates (Ia,Qa),
that 4is, the ramp waveform data for. fall ramp processing
corresponding to the first term of Formulae (10) and (11). For the
fall ramp processing, IB-and QB -coordinates can only be "0" with
odd symbol timing, and "+1" or "-1" with even symbol timing. This
15 is the same as for general transmission.

In a general transmission, two-MSB address "00" given
as address signal Tc and the succeeding higher bits from coordinate
accumulators 106 and 107 divided in time division with the timing
of clopk T6 are input to storage unit 112. The higher bits from

20 coordinate.accumulators 106 and 107 are updatéd with each odd
symbol timing opportunity. In parallel with these-pieces of data,
a lower address as clock Tl of elapsed time information is input
to storage unit 112. Clock Tl represents a count value of clock
signal CK between an odd symbol timing opportunity and immediately
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the sane frequency as that of synbol data, the clock T3 being provided by
timng generating circuit 102. Mapping circuit 105 perfornms a certain
mappi ng based on the received synbol data or an encoding result of
differential encoding circuit 105a to generate 10 a piece of two-bit

twp- di mensi onal coordi nate data representing an address. Now, an exanple of
t wo- di nensefioak tber diexdt ©ddhtsymel utiningn mprhgnél‘twewt 105 is
described with reference to Fig.1. 15 As previously nmentioned,
a signal point repregyriinigte caedumtlatosi gadle (ldupit sy € @ cdvechimestes
any of signal points A-D and any of signal points E-H alternately. Also,

the coor dhEéhﬁﬁlafteraOIﬁ@n Ao@darsgnmpeeimyﬁby Hepseseaged s tA(112) as, for
B(-1,1), C(-1,-1), d D(1,-1) on a two-dinensional coordinate represented

by vect or ?%(L? 98 ZQl@gdh\i«a%te(}r s rd t e%a%%@%? tﬁ%sgwot P& p&o0r @H@tm Ar

points E-H are és ecti Vely Tepresen G-1,-1), and

vect or 0 BPF) BV nEiaRER %f%‘”l%LB &, THSEREN b Ae F Hnd LEgke paa

0, 0, 24

-

symbol timing opportunity and the other four bits are I«

-coordinates of i:he previous odd timing opportunities, with "-1"

represented by "0." According to these five higher bits, the

filter response waveform data corresponding to the current elapsed

10 time information for the Ia-coordinate of the current odd symbol'

timing opportunity is read from storage unit 112, for example, with
the odd timing of clock T6.

Coordinate accumulator 107 outputs Qa-coordinates

accumulated with odd symbol timing to storage unit 112 as, for

15 example, five higher bits succeeding to the two MSBs. Of the five

higher bits, the LSB is the Qa-coordinate of the current odd

symbol timing opportunity and the other four bits are Q&

-coordinates of the previous odd timing opportunities, with '_'—1"

represented by "0." According to these five higher bits, the

20 filter response waveform data corresponding to the current elapsed

time information for the Qa-coordinate of the current odd symbol

timing opportunity is r'ead from storage unit 112, for example, with
the even timing of clock Té6.

No address is input to storage unit 112 from coordinate
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1, ... " is input to input termnal 103. Then, synbol generating circuit 104
generates a sequence of two-bit symbols (X1, Yl) =(1,0), (X2,Y2)=(1,1),
(X3,Y3)=(0,0), (X4,Y4)=(0,1) ... in sequence. Mapping circuit 105 obtains
the coordinates of the 5 signal points indicated by the synbols by using
signal point H shown in Fig.1 as a standard point. For exanple, it is found
fr om Tabl eadcurhatatdmes otidlé symdol 07 Xai¥h) evedi sxmbolstamangpoi HOWBVIeayi 5-0ck
phase difference -[err]/4 between itself and point H. The signal point D

I's .represent egfaglRptedlifie drifigrmttiotsiindlcapes deveah esffibodptésdnged [As
vect or I[err] and vector (Jerr] as the axes. Note that "- 1" is represented

as "0" singgs"péenC %ka&rﬁ?ed €P4 PP LOE £dpB¥nONy Dhhd QLBBLPEifAEEE] ark0TO"
out put s tmo dlnen5|ona coordi nates D(1,0) as the mapping result for synbol

o Ty Akl 5 AR S D s

?ﬁg{gg?g;gggéﬁungeaégge orm éégléglééch e a%%éh {Re % Oinéé%1J89 are read
alternately in time division from storage unit 112 every time the
Lower address-exceeds a certain value.

The only difference between the rise ramp processing and

the general transmission is that the two-MSB address "01" given by
10 address signal Tc is input to storage unit 112. The rise ramp

processing is performed the same as the general transmissioh in

terms of the rest of the processing, that is, addresses of higher

bits succeeding to the two MSBs are input £from coordinate

accumulators 106 and 107 to storage unit 112, and, in parallel,
156 clock Tl as a lower address.

Coordinate accumulator 106 outputs Ida-coordinates
accumulated with odd symbol timing to storage unit 112 as, for
example, five higher bits succeeding to the two MSBs. According
to these five higher bits, the ramp waveform data at the burst rise

20 corresponding to the current elapsed time information for the I«
-coordinate of the current odd symbol timing opportunity is read
from storage unit 112, for example, with the odd timing of clock
T6.

Coordinate accumulator 107 outputs Qa-coordinates
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poi nt F having phase difference -3[err]/4 between itself and point D. The
coordi nate val ues of signal point F are represented as F(-1,1) 20 on a

t wo- di nensi onal coordi nate represented by vectors I[err] and Qerr] as the
axes. Mapping circuit 105 outputs two-dinensional coordinates F(O,1)
as .the mapping result for synbol (X2,Y2). The first bit "0" of the

t wo- di nensacpaiudetedi nettds ¢dd, symbelodtiming oteosteragee wrkbinkldt &s.1080T
and the second bit "1" to coordi nate 25 accurrul ator 109. Simlarly, the
next odd sgghfbleX3fi¥e hidheat éxits gnadceading CtbathagtpbadMSEs .f f Aemerding
[err]/4 between itself and point F. Mapping circuit 105 outputs

t wo- di menskgnaheSQOF N OM Eghdk BHils, ThEheahp waveifbrmOdata ettt pHé barst rise
coordi nate accunul ator 106, and the second bit "0" to coordi nate

it 1 AR Gy S s sysesapsst e o

havi ng phase enc and point C. Mappi ng

Clrourt J05 QULOHLS doe LSl Rak: 888 hPRbSE HihiBly opBREdliy NS laa
from storage unit 112, for example, with the even fiming of clock
T6.

Both Ia—énd Qa-coordinates are "O" with even symbol

timing. Therefore, two kinds of the ramp waveform data at the

10 burst rise at each elapsed time with input "0" are read alternately
in time division from storagé unit 112 every time the Lower address
exceeds a certain value.

The only difference betweén the fall ramp processing and
the general transmission is that two-MSB address "10" given by

15 address signal Tc is input to storage unit 112.

With odd symbol timing, as the higher add;esses, which
are input from coordinate accumulators 106 and 107 alternately in
time division with the timing of clock T6, and a lower address
given as clock Tl of élapsed time information are input to storage

20 unit 112, two pieces of the ramp waveform data at the burst fall
respectively corresponding to the current elapsed time information
for the Ia-coordinate of the current odd symbol timing opportunity
and to the current elapsed time information for the Qa-coordinate

are read alternately in time division from storage unit 112 with
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10 coordi nate accunul ator 108, and the second bit "0" to coordinate
accunul ator 109. Differential encoding circuit 105a if necessary perforns
differential encoding on the synbol data received by mapping circuit 105.
Mre specifically,. differential encoding circuit 105a 15 obtains the signal
poi.nt of synbol (X err],Y[err]) by storing in advance a conversion table
cor r espondittgy tignimnm| ef 1cheaksT6ri ng at | east one signal point indicated by
the preceding synmbol (X[err], Y[err]). Coordinate accunul ator 106, achieved
by+a shift regi ster, BRothmlataad [Qx¥rtooadidiataiseamme” ®f t whihorsen tsymisol
each 20 odd synbol timng opportunity, and outputs a certain nunber of
accunul at edrirdcs., fMHerFIA, einf the Bhie Kbyl &8 the C§ORELAR €Ba@Smis¥Fon and
hi gher bits succeeding to the two MSBs in storage unit 112 to sw tching
circuit 11:91rs‘¥3%%é¥ NG k1158 &f Vendi Eéi‘fﬁ% \Qﬁréfo%inl Ei‘éli:ar TP URRE AT OF LA 1
rm d the I[err]-

(or ramp wavefo ata corresponding to _ coordi nates
I nput wyt r.éi?déjaéﬁngglapts'eg‘ 9 me® w4 %d J'fnrpour% S.'Fd).F a9fe uQtll.]i:ernately read in time

division from storage unit 112 every time the Lower address exceeds

a certain value.
Storage unit 113 receives address signal Tc, which is
input to storage units 112 and 113 simultaneously, as an address
10 of two MSBs. Storage unit 113 prestores the outputs of coordinate
accumulators 108 and 109, ﬁhich are divided in time division with
the timing of clock T6, as addresses of bits succeeding to the two
MSBs, and receives clock T1l, namely, elapsed time information sent
from timing generating circuit 102 as lower addresses.
15 As shown in Fig.7A, storage unit 113 has the same area
assignment with addfesses as storage unit 112. That is,
in a storage area indicated.by two-MSB address "00" in storage unit
112, waveform data of general transmission is stored; in a storage
area indicated by two-MSB address "01," ramp waveform data at burst
20 rise; and in a storage area indicated by two-MSB address "10," ramp
waveform data at burst fall. The bits of each of the above
waveform data respectively correspond to IB- and QB -coordinates
that are input to the lowpass filter.
Storage unit 113 stéres the following kinds of wa&eform
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112. Coordi nate accunul ator 107, achieved by a shift register, accunul ates
Q err]-coordinates one bit by one bit for each 5 odd synbol timng
opportunity, and outputs a certain nunber of accunul ated bits, for exanple,
five bits of Jerr]-coordinates as five higher bits succeeding to the two
MBBs in storage unit 112 to switching circuit 110. According to these five
hi gher bi datd ifarergenepahssransofiissmhonsr aalnbf@am&pqnsejawaveﬁpmsgém _f
to the Qerr]- 10 coordinates input with odd synmbol timng is read from

st orage umhle lbdpaseordinelrs sachnubaiorodPHyarisevidl tter a sthititie reigies twhen
accunul ates I[err]-coordinates one bit by one bit for each odd synbol

timng oppartumiyn ard AHPUWS1deSebaTBRUBRRY OB -Hoadinat&s egibehs with
for exanmple, five bits of I[err]-coordinates as five higher bits succeeding

to the twa MBSy éﬁe%s@oaggpy't g Hhide SEb! eheng L£ddderfoaniudido /.40

these five high response wa orm (or ranp wavefor
dat a cores ondi n tot rr or, es in thod

is rea PRPY oV%&% ff% °%o5?’tﬁ ﬁ?ﬂ (,SDU#‘FL& 5ﬁ¥ng§| Své
shift

which is the wvalue of IB- and QB -coordinates given with odd
symbol timing, is input to the lowpass filter.
Also, storage unit 113 stores the following kinds of
ramp waveform data for burst rise: a 1/4 2 ramp waveform data fdr
10 rise ramp processing at the time when either of %1, which are the
values of IB- and QB -coordinates given with even symbol timing,
is input to the lowpass filter; and a 1/+4 2 ramp waveform data for
rise ramp processing at the time when 0, which is the value of If8-
and QB -coordinates given with odd symbol timing, is input to the
15 lowpass filter. That meaﬁs storage unit 113 stores the ramp
waveform data that is equal to the second_ and third terms in
-Formulae 10 and 11. |
Furthermore, storage unit 113 stores the following kinds
of ramp waveform data for burst fall: a 1/+ 2 ramp waveform data
20 for fall ramp processing at the time when either of %1, ‘which are
the values of IfB8- and QB—cdordinates_given with even symbol
timing, is input to the lowpass filter; and a 1/4 2 ramp waveform
data for fall ramp processing at the time when 0, which is the
value of I8- and Qf-coordinates given with odd symbol timing, is
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regi ster, accumulates  err]-coordi nates one bit by one bit for each odd
synbol timng opportunity, and outputs a certain nunber of accunul at ed

bits, for exanple, five bits of Jerr]-coordinates as five 27 hi gher

bits succeeding to the two MSBs in storage unit 113 to switching circuit
111. According to these five higher bits, 1/[err] filter response waveform
(or ranp venpdbrity thealewpaespbhlitag.to the err]-coordinates input wth
odd synbol timng is read fromb5 storage unit 113. Switching circuit 110 is
achi eved by a sel ect ofnaad gelherailk & ransnfivé gicdn ngaddressi $igddD Toutiputiniput
addresses input fromcoordi-nate accunulators 106 and 107 alternately to

storage umdd &%8-Mbhh aldagelslsm D '0of t&! 9ekrdgebanare 1| Furdaedt theesticdfeeding
el apsed tine 10 information is switched to another one with the timng of

et L EFCRILS ULeiRUP U  Scbh oy LS ke Honan oo ok o

5 are input alternately from coordinate accumulators 108 and 103.
The higher bits from coordinate accumulators 108 and 109 are
updated with each even symbol timing opportunity. In parallel with
these pieces of data, a lower address as clock Tl of elapsed time
information is input to storage unit 113.

10 Coordinate accumulator 108 outputs IB-coordinates
accumulated with even symbol timing to storage unit 113 as, for
example, five higher bits succeeding to the two MSBs. The LSB of
the five higher bits is the IB-coordinate of the current even
symbol timing opportunity and the other four bits are IS

15 -coordinates of the previous even timing opportunities, with "-1"
represented by "0." According to these five higher bits, the 1/42
filter response waveform data corresponding to the current elapsed
time information for thej[B-coordinate of the current even symbol
timing opportunity is read from storage unit 113, for example, with

20 the odd timing of clock Té6.

Coordinate accumulator 109 outputs QB -coordinates
accumulated with even symbol timing to storage unit 113 as, for
example, five higher bits succeeding to the two MSBs. Of the five
higher bits, the LSB is the Qf-coordinate of the current even
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achi eved by a selector and the like. Switching circuit 111 outputs 15
addresses input from coordinate accunul ators 108 and 109 alternately to
storage unit 113 with the timng of clock T6 before a current piece of
el apsed tine information is switched to another one with the timng of

clock T1.

Storage unit 112 stores address signal Tc sent fromranp 20

peri od deteymbad ctiwming loppestuni®y- MEBdadbhessotbesr efouke bitput 3ref QB
coordi nate accurul ators 106 and 107 as addresses of bits succeeding to the

two MSBs,

apdosdin&ses | @f ktHd , previkdys etrapstdminge oppbatmatiitdie sserwith ofr-1”

timng generating circuit 102 as bits succeeding to all these bits. 28

Fi gs. 7A andegPeséoved ey rrej ati @Itdwdﬂ&?l tdatchesleOredel Righerapete)i thell2y/ 2
S rea

and 113 and waveform data which

fromstorage units 112 and 113 '

accordin 5 | 5SS | T
ing gpytbe f%c?fcg%t gfgﬁjs{)éaftﬁ‘?t? %}ﬁ?ﬁﬁr@%ﬁf 'Pf%”%llle Curkent elapsed

In a storage area

5

10

15

20

y two-
time information for the QB -coordinate of the current even symbol

timing opportunity is read from storage unit 113, for example, with
the even timing of clock Té6.

With odd symbol timing, the address in storage unit 113
is not updated as no address is input from coordinate accumulators
108 and 109. However, clock Tl of elapsed time information
indicates odd symbol timing. As has been described earlier, both
IB- and QB-coordinates are "0" with odd symbol timing.
Therefore, two kinds of the 1/4F2 filter response waveform data at
each elapsed time with input "0" are read alternately in time
division from storage unit 113 every time the Lower address exceeds
a certain value.J

”:lnﬁhé only difference between the rise ramp processing and
the general transmission is that two-MSB address "01" given by
address signal Tc is input to storage unit 113. The rise ramp
processing is performed the same as the general transmission in
terms of the rest of the processing, that is, addresses of higher
bits succeeding to the two MSBs are .input aiternately from
coordinate accumulators 108 and 109 to storage unit 113, and, in
parallel, clock Tl as lower addresses.
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storage wunit 112, waveform data of general transm ssion
corresponding to I[err]- and Jerr]-coordinates is stored. The waveform
data of general transm ssion is data showi ng the |evel (instantaneous

val ue) of the response waveformfromthe | owpass 10 filter such as route
Nyquist filter which is given for an I[err] -/ err]-coordinate input.
Storage unit 112 storBsemafete; ntwat Rindsresfpbhei g/t maitp syaxeforn dakp of
that is, response waveformdata froma filter to input 1 which are the

I[err]- agfeCbaiikbnto@ldipd®st Dhe ODRf6¥ RO ohi Wikt ifpud "H'OferdEPdndildy
stores waveform data 15 corresponding to even synbol timng, that is,

respons ea\r{%%V%fﬁ LMGRY & Br-%aﬂfiﬂagw@sgré ! %(&;fl t&?tk%ﬁ%e@.y’@rﬁ Rinfe td&ision

I[err]- err] -coordi nates of even sy I'mng. In“a storage area

burst 11 sk sy By BF chdox' Pe pRERYRnE 1k agfE SR (R B ic1ock

& W nddlv fndid ohePEpIBsitd nGSTbFLBATE BENAA LB R A/g) 4 BRTR Ao

response waveform corresponding to each of I[err]-, Qerr]-, L£err]-, and

Q err] - codddanAfsthenhgurirent; felapsed stippesdafopmation widh ck8maeoalinate
input with the current even symbol timing is read, for example,
with odd timing of cl&ck T6. The 1/4 2 ramp waveform data of the
current elapsed time information with QB -coordinate input with the

10 current even symbol timing is reéd, for example, with even timing
of clock Té6.

The only difference between the fall ramp processing and
the general transmission is that two-MSB address "10" given by
address signal Tc is input to storage unit 113. The fall ramp

15 processing is perfbrﬁed the same as the .general transmission and
rise ramp processing for the'reét, that is, addresses of higher
bits succeeding to the two MSBs are input from coordinate
accumulators 108 and 109 to storage unit 113, and, in parallel,
clock Tl as a lower address.

20 Therefore, the 1/4 2 ramp waveform data at the burst
fall of the current elapsed time information with "O0" input with
the current odd symbol timing is read with the timing of clock T6
when the Lower address given by clock Tl is less than a certain

value. The 1/4 2 ramp waveform data at the burst fall of the
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the wi ndow function, and I(t)g(t) and Qt)g(t) respectively instantaneous

val ues of

| - phase and Q phase of the ranp waveform then the foll ow ng

Forrmul ae are given. Forrmula 10 [err] Formula 11 [err] The ranp waveformin
MODULATED SI GNAL (c) of Fig.4 is obtained by conbining (adding) the inphase
conponent in the carrier wave nodul ated by anplifying I(t)g(t) of Formula
10 and t hecupreintt el ap $dd steins nipdicemia tilont we thatheel Bvesmordichdtad echpgnt with
anplifying Qt)g(t) of Forrmula 11. Accordingly, the storage area in storage
unit 112 3fhe current even symbol timing is read, for example, with odd

10

15

20

timing of clock T6. The 1/4 2 ramp waveform data at the burst fall
of the current elapsed time information with the QB -coordinate
input with the current even symbol timing is read, for example,
with even timing of clock Té6.

Separating circuit 114 separates the output from storage
unit 112 into the filter response waveform (or ramp waveform) data
corresponding to Ida-coordinate and the filter response waveform
(or ramp waveform) data corresponding to Qa-coordinate with the
timing of «clock T6 and outputs the two kinds of data
simultaneously, for example, with the cycle of clock Tl. More
specifically, separating circuit 114 receives the filter response
waveform data corresponding to Ia-coordinate, for example, with
odd timing of clock T6 and outputs the data to adder 118 with the
following even timing of the same clock T6é. Also, separating
circuit 114 receives and outputs the filter response waveform data
corresponding to Qa-coordinate to adder 119, for example, with
even timing of clock TG; Fig.8 shows separating circuit 114 in

detail. The drawing includes registers 1l4a-114c and inverter

'114d. ©Note that a clock having a shorter synchronous cycle than

clock T6 may be used for registers 114a-l1l14c to shorten the

delay.
Separating circuit 115 separates the output from storagé
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I ndi cated by two- MSB address "01" stores the ranp waveformdata for rise
ranmp processing correspondi ng to two-di nensional coordinates
(I[err],Qerr]), that is, the ranp waveformdata for rise ranp processing
corresponding to the first termof Fornulae (10) and (11). For the 5 burst
rise, I[err]- and (Jerr]-coordinates can only be "+1" or "-1" with odd
synbol tinmimit BRI frto titeh 16wER $idbek respapseThavefermhéosanampswayeform)
general transm ssion. Al so, the storage area in storage unit 112 indicated
by .t wo- MSBdatiar eseresiindiimy e 18 -camrdimetieorandlaiiee o/ TalfiTteep A#Osponse

processing corresponding to two-dimensional coordinates (l[err] , QQerr]),
that is, t{gvéssPmWqyef Qrampda&ézéfunﬁ)al aatarreo&rr@% cﬁﬁhgcotfé e§prebdgdiRate
the first termof Fornulae (10) and (11). For the ranp processing,

Lerr] -and gt ew@{mibs? AL ¥6D @"%&é@?gd@hay% 14bR9.0ANata

"+1" or "- even t1'mng. e sanme as Tor genera
transm i on n raI ransm ss B addr " 00" |ve as

addr ess si aﬁlﬁPigﬂnﬁﬁ‘dsf Eceee’@%i?ﬂ gHé ngf#SO(? dlcFﬂa(? 717 mMore
accunul ators 106 and_107 divided in tinme CIVISIOI’] with the timng

clock
T6 are i npBPeFoTifdidle FARAVAGLNGHEIFCYASr blPs HECHHVES cBBRdilYN &€ “tilter

accunmul ators 106 and 107 are updated with each odd
response waveform data corresponding to IB-coordinate, for

example, with odd timing of clock T6 ‘and outputs the data to
subtracter 116 and adder 117 with the following even timing of the

10 same clock T6. Also, separating circuit 115 receives and outputs'_
the 1/42 filter response waveform data corresponding to QB
-coordinate to subtracter 116 and adder 117, for example, with even
timing of clock Té6. - Separating circuit 115 has the same
construction as that shown_Fig.S.

15 Subtracter 116 subtracts the 1/4 2 filter response
waveform data corresponding to QB -coordinate from the 1/4 2 filter
response waveform data corresponding to IB-coordinate, both kinds
of data 'being output from separating unit 115. That is, subtracter
116 executes the subtraction of the third term from the second term

20 in Formula 8.

Adder 117 adds two kinds of data being output from
separating unit 115, namely, two kinds of 1/4 2 filter response
waveform data respectively corresponding to iB—coordinate and QB -
coordinate. That is, adder 117 executes the addition of the second
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synbol timng opportunity. In parallel with these pieces of data, a | ower
address as clock T1 of elapsed tine information is input to storage unit
112. Cdock T1 represents a count value of clock signal CK between an odd
synbol timng opportunity and i medi ately 31 before the next odd synbol
timng opportunity. Coordi nate accunul ator 106 outputs I[err]-coordinates
accunul at ashdnithii ratlctexywdbain tFoxmgléa o9st orage unit 112 as, for exanpl e,
five higher bits succeeding to the two MSBs. The LSB of 5 the five higher

bits is the I[err]- CQQdd’éf‘aﬂ.QSOfad&ée&%réﬁﬁpﬁgdfi%ﬂp@ubﬁf {8 116 to the

opportunity and the other four bits are [err] -coordinates of the
previ ous t y
fo these Frvsohi s gﬁgf%.@%”%%fd iy (8 ?fesp%nvg%@%%% 0 8Fee: go%aes»ss@ g

to the curr nL.8lap 10 ti |nforna for_t err] coordlnate of the

current o&cf?synﬁ ‘lq ﬁ?ﬁ?hgnﬁlﬁ?) t U ° %a‘ﬁl‘?‘?"&ﬁ s}t%gstfﬂfrﬁ atipg undd, 114

exanple Wtr‘ﬁ@Sugd%H§é2£¥LégoSQ035132 I(t) of I-phase signal given by
Formula 8. |

Adder 119 adds the output from adder 117 to the filter
response waveform (or ramp waveform) data corresponding.to Qa
—coordinate, namely, the other of the outputs from separating unit

10 114 to output instantaneous value Q(t) of Q-phase signal given by
Formula 9.

D/A converting unit 120 converts digital data I(t) into
an analog signal, I(t) being the output from adder 118 and
representing the instantaneous value of the I-phase signal.

15 D/A converting unit 121 converts digital data Q(t) into
an analqg signal, Q(t) being the output from adder 119 and
representing the instantaneous value of the Q-phase signal.

The above operations performed by subtracter 116 and
adders 117-119 generate instantaneous value I(t) of I-phaSe signal -

20 and instantaneous value Q(t) of Q-phase signal which are used to
generate corresponding ramp waveforms at the burst rise and fall.
Also, the above operations generate instantaneous value I(t) of I-
phase signal and instantaneous value Q(t) of Q-phase signal which

correspond to the response waveforms of the lowpass filter at
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Coordi'nate accumul ator 107 outputs  err]-coordi nates accunul ated with odd
synbol timng to storage unit 112 as, for 15 exanple, five higher bits
succeeding to the two MSBs. O the five higher bits, the LSBis the

Q@ err]-coordinate of the current odd synbol timng opportunity and the
other four bits are JQerr] -coordinates of the previous odd timng
opportuni tgeseraldt hrangthissponsented by "0." According to these five

hi gher bits, the 20 filter response waveform data corresponding to the

current el apsed tinme FgQoeéhens f eivet Neati@rns - ceyriswiting the owdvefdbrms
odd synbol timng opportunity is read fromstorage unit 112, for exanple,

W ih (he CYEBokETiRGnoD/al eohyliedih A0 Cofy | P21 "RUE:HG T AAMKY (pddfoas

from coordi nate 32 accurul ators 106 an 7 wth even synbol” timn

Loverer ok ORI B LB P TR BT B P AT, Lo, e

with ev%n ggggfﬁgfigggghorigggég Oégis éﬂgwgi%gg %E;By% iéfﬁg, the vertical
axis the output level of filter response waveform h(t) of I- and
Q-phases. It 'is supposed that when filter input is 1 and
interference between codes is 0, instantaneous value of base point
is 1.

10 With even symbol timing, the levels of instantaneous
values I(t) and Q(t) of the standard point are any of ++ 2, -+ 2,
and 0 since the first terms in Formulae 8 and 9 may be 0" and at
the same time the second and third terms may cancel each other out.
When the second and third termé cancel each other out, either of

15 I(t) and Q(t), namely, respective instantaneous values of I and Q
phases, is level 0. For example, instantaneous value I(t) of I
phase is level 0 for signal point E or G in Fig.l. At the same
time, insfantaneous value Q{(t) of Q phase is level ++4 2 for signal
point E, level -4 2 for signal point G.

20 With odd symbol timing, each level of instantaneous
values I(t) and Q(t) of the standard point is either of +1 and -1
since the second and third terms are level 0 and each of Ia and
Qa of the 'first-term is either of +1 and -1. For example,

instantaneous values I(t) and Q(t) of the standard point are level
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5 response waveform data at each el apsed tine with input "0" are read
alternately in tine division fromstorage unit 112 every tine the Lower
address exceeds a certain value. The only difference between the rise ranp
processi ng and the general transm ssion is that the two-MSB address "01"
given by 10 address signal Tc is input to storage unit 112. The rise ranp
processi ngli fopesfignadd pdimts@e as the general transmission in terns of
the rest of the processing, that is, addresses of higher bits succeeding to

the two MSBs are inputMixexn T22rdinés ethec oipato ity okl ® /an&ckire e 5t D2 @0&nd
unit 112, and, in parallel, 15 clock T1l as a | ower address. Coordinate

accunul at op 108y PHEPULLET I ITheoasgi st erape Ukt edonl Ly 0ddptititited by

timng to storage unit 112 as, for eXanple, five higher bits succeedlng to

Lhe Lvo, MBS0 AR (oot | LV EeBlaRoToier  HBR L AEPr1RYS Q1B e

at the bur correspon ng to0 Thé curren
(90451 ! el SEACTAERS S A1, SR8 oLy g opportunity s
Coordinate aCCUﬁUlatquﬁggroféguéix§£eL£e_g%%;%knﬁéﬁﬁh D/A converter 121 and
a carrier wave input via 7r/2 phase shifter 124. The output from
mixer 123 is represented by Q(t)sin2mfCt which is a result of
multiplying Q(t), the output from D/A converter 121, by carrier
10 wave-sin27rfCt having phase difference m/2.
7 /2 phase shifter 124 delays the phase of input carrier
waves by mw/2.
Adder 125 multiplexes the outputs from mixers 122 and
123 and outputs the multiplexed value.. Adder 125 outputs modulated
15 signal I(t)cos2mfCt + Q(t)sin2mxfCt which corresponds to a
response waveform from the lowpass filter. Adder 125 outputs a
certain ramp waveform as shown in Fig.4 (c) MODULATED SIGNAL during
the ramp period.
As apparent from the above description, this embodiment
20 of the presen£ invgntion has succeeded in reducing the number of
storage units from four, as storage uﬁits 610-613 in conventional
7 /4-shift QPSK modulating apparatus 600, to two by reading the

waveform data stored in storage units 112 and 113 with time

division with clock T6 corresponding to I- and Q-coordinates. This
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33 accunul ated with odd synbol timng to storage unit 112 as, for
exanpl e, five higher bits succeeding to the two MSBs. According to these
five higher bits, the ranp waveform data at the burst rise corresponding to
the current elapsed tinme information for the JQerr] 5 -coordinate of the
current odd synbol timng opportunity is read fromstorage unit 112, for
exanpl e, weducee thennumbesgodf cdlrsalitrs.asBa Hhpber pndnmakes it easier to
Qerr]-coordinates are "0" with even synbol timng. Therefore, two kinds

of » t he r amchibered oy Hedlal Bit QPSK Modulstimg sepparedols &l08pded an MSIM ¢lnip.

I nput "0" are read alternately in tinme division fromstorage unit 112 every

time the Lower addresaigsgeeHe 2egett2dn YAl tRe Ahmbed wrlidifeheiese mekesent
the fall ranp processing and the general transm ssion is that two-MSB

0SS, UmgBs B SRl s\ SPUR BRGNS ik ietorn

5 data at burst rise and burst fall enabling the ramp processing at
the burst rise and burst fall. -Furthermqre, it is possible to
generate the ramp waveform more accurately with the same procedure
as that used in general transmissions by using the ramp waveform
data stored in storage units 112 and 113.

10 In the present embodiment, the ramp waveform data is
generated for each of the burst rise and burst fall and is stored
in storage units 112 and 113. For the burst rise, one pattern of
the ramp waveform data generated based on a certain piece of dummy
data may be stored in each of storage unifs 112 and 113 since the

15 substantial data has not been input yet and the data is not
demodurated from the ramp waveform. Also, for the burst fall, one
.pattern of the ramp waveform data generated in advance may be
stored iﬂ each of storage units 112 and 113 so that the ramp wave
falls smoothly from the filter response waveform at general

20 transmission. This is because there is no need of cénsidering
interferences response components which are generated by the
previous inputs at general transmission. Even for the burst fall,
the interference by response components by the inputs at general

transmission would not be ignored if the ramp waveform were to be
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are input from coordi nate accunul ators 106 and 107 alternately in tinme
division with the timng of clock T6, and a | ower address given as clock T1
of elapsed tinme information are input to storage 20 unit 112, two pieces of
the ranp waveform data at the burst fall respectively corresponding to the
current elapsed time information for the I[err]-coordinate of the current
odd synbol geneinad esppaccomidipgantiot dhée respomse evapsfdrmi nEromf diheat actual
for the Qerr]-coordinate are read alternately in tine division from

sterage unfiltéz . W tHowdver,t Ha tieantyf stoekgéburBdsh 1i2rehdand3 do not
Qerr]-coordinates are "0" with even synbol timng. Therefore, in the sane

viay as thesgepgr dhchr #A88L88k8ACaEd B Sétdfé &hd vqkdﬁﬁfés Wl @3Ra which
wavef orm data at the burst fall 5 at each elapsedtTinme wth input "0" are

s "oy Lo 584 85! gl Rl OGO HE SUELIGl! Biakionor oo

signal EF muchcas %hat required for storing the filter response waveform data

at a general transmission is requited even .if the ramp waveform

data for both burst rise and fall is stored.

In this embodiment of the present invention, the ramp

waveform data is stored for both burst rise and burst fall.

10 However, the ramp waveform data may not necessarily be stored for

both burst rise and burst fall. For example, storage units 112 and
113 may store only ramp waveform data at burst rise.
Alternatively, a counter for counting down the elapsed time, that
is, with a reversed direction of clock Tl, may be set so that at

15 burst falls, the output from this counter is used as lower bits
instead of clock-Tl to read the ramp waveform of the burst rise.
Also, the ramp waveform of the modulated signal may be

generated from the waveform data for general transmissions with

dummy data input instead of being generated from the ramp waveform

20 data. For example, amplitude adjustment circuits consisting of

shift registers may be set at the outputs of adders 118 and 119 or

at the outputs of storage units 112 and 113 so that at burst rises,
lower bits of an input value are output in the beginning then the
number of output bits is increased as the time elapses to generate

46



input to storage units 112 and 113 sinultaneously, as an address 10 of two
MSBs. Storage unit 113 prestores the outputs of coordinate accunul ators 108
and 109, which are divided in tine division with the timng of clock T6, as
addresses of bits succeeding to the two MSBs, and receives clock T1,

nanely, elapsed tine infoormation sent fromtimng generating circuit 102 as
| ower addr édeesram® waveform at Ahehownstnriseg.7A Simickaky unEorl thenagurst
the sane area assignnment with addresses as storage unit 112. That is, in a
storage ar &llyli cthed nimbiexo-dSBoatgues bitd) " may beolkgrdavdd 142, the time
wavef orm data of general transmi ssion is stored; in a storage area

| ndi cat ed - JpsedBR agldicise the S WaKS datealpbiietegt [ se: and

in a storage area indicated by two- VMSB address "10," ranp waveform data at

B o o 1) USRS ohbolilhetioNss \BUE! BEELUALE RESRRILHY®, daareos
filter. StoLdge Upd! i%lﬁsé&oégstéxé‘%aés"s! MY 59098305 "8 CLREMLER units 112
and 113. However, address signal Tc may not necessarily be used
as a two-MSB address. Address signal Tc may be used as tﬁo bits
succeeding to two MSBs in the addresses, the two
s being the outputs from switching circuits 110 and 111 since the
10 ramp waveform data does not require és much amount of data as the
waveform data at general transmissions.

In this embodiment of the present invention, each of
coordinate accumulators 106, 107, 108, and 109 accumulates, for
example, five bits of coordinates. However, they may accumulate

15 seven, ten, or other number of bits instead of five bits. That is,
the number of bits accumulated by the accumulators may be
determined based on the dégree in which the filter response to the
earlier coordinate values affects the filter respbnse to the later
coordinate values as time elapses. Note that as the number of bits

20 accumulated by accuﬁulators 106, 107, 108, and 109 increases, the
accuracy of the filter.response waveform improves but the amount
of data stored in storage units 112 and 113 increases.

In this embodiment of the present invention, a case with

7t /4-shift QPSK is described. However, QPSK may be used instead of
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data for general transm ssion: a 1/[err]2 response waveform data of the

| owpass filter, such as a root Nyquist filter, at the tinme when [err]1,

whi ch are the values of I[err]- and Jerr]-coordinates given with even
synbol timng, is input to the |owass filter; and a 1/[err]2 5 response
waveform data of the | owpass filter at the tinme when 0, which is the val ue
of |[err] - Talht stk | QRSB di ARt EBagi cagew eitbexr ofiidie thiwe dprizonkhplt dasa
the |l owpass filter. Al so, storage unit 113 stores the follow ng kinds of
ramp wavefflowsashotmr ibhuFdit .3 may delAfsed [t raaohnl evee edweln akat epéoation.
rise ranp processing at the tine when either of 1, which are the val ues of
[Terr]- and J err]-coordi nates given with even synbol timng, is input to
the lowpass filter; "and a 1/[err]2 ranp waveform data for rise ranp

proceSSingiﬁng@ﬁIéLﬂﬁsﬁh26§%13ggiiﬁ is the value of I[err]- and
Q err]-coordinates given w 0 Ssynbol timng, is input to the 15 | owpass

filter. — That means iy rageid%{géerhéolr?nsfzgreé R@Sﬁ%gﬁ ‘{ech.’_:{% dat g blihelifg

equal to the second an ir rnulae ernor €,
storage unit 113 storeg the_foll ow ng kinds of ra veform data for burs
fall :%ﬁ/"{‘%ﬁ’?f%@ﬁ% aﬁ%ﬁi‘;iﬂ’(’aﬁﬂasgﬁrﬁgﬁ it s S engw%‘t’egﬂﬁmt fiﬁ%a

when either of 1, which are
of I- and Q-components of the symbol data in advance and generating

the symbol waveform according to the waveform data. This invention
is also suitable for simplifying circuits since the transmission
amplifier need not perform a gain control since the reduction in
10 the capacity of the storage unit enables the storage of the
waveform data used in the ramp processing around the burst

transmission in the storage unit with other waveforms.
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the values of I[err]- and err]-coordinates given with even synbol timng,

i s input
ramp proc

! ter; and a 1/[err]2 ranp waveformdata for fall
eﬁ"l H" mﬁﬂﬂ” When 0, which is the value of I[err]- and

Q err]-coordirrates @i ven wmth odd synbol timng, is 36 i nput to the
Iquass filter. In a general transnissigﬂuuaggress signal Tc is input as

two- MSB address "00" to storage unit 11
di vi ded
alternate

t he succeedi ng higher bits

timge division,with the timng of clock T6 5 are i nput
Py &7 A

haty o

$2t+° hccunul ators 108 and 109. The higher bits from

coordi nate accumuyl ators 108 apd 109 are updated wi th each even synbol
t|n1ng:bpﬂort@hﬂﬂﬁsqrW?%H%@F%PngPRaFﬁégé EREBE%%ﬁn%ata a | ower address
as clock T1 of elapsed tine information is input to storage unit 113. 10
Coordi rfate accunul at ®torage mnrampsit $0r| [¥HeT1ngoM@iviedicran sdetiauiacdadiing a
even synbol timng to storage unit 113 as, for exanple, five higher bits
succeed ngatve fidra t wesekiSBfor Thei 46SB rafnp processing, a plurality of phase

4

5

10

11

12

13

14

15

16

17

18

19

20

21

22

waveforms used for both I-component and Q-component of a plurality
of transmission symbols, and a waveform used for fall ramp
processing;

converting means for converting each of a dummy symbol
for the rise ramp processing, the plurality of transmission
symbols, and a dummy symboi for the fall ramp processing into the
I-component and the Q-component, wherein the dummy symbol for the
rise ramp processing, the plurality of transmission symbols, and
the dummy symbol for the fail ramp processing are provided in time
series;

address providing means for providing alternately during
one symbol period the I-component and the Q-component converted by
the converting means as addresses of the storage means;

separating means for fetching an I-component waveform
and a Q-component waveform which are read alternately from the
storage means and outputting simultaneously the I-component
waveform and the Q—coﬁponent waveform; and

combining means for combining the I-component waveform
and the Q-component waveform output from the separating means into
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the five hi Eher bits is the I[err]-coordinate of the current even synbol

timng qu Iml“n"zﬂmu E other four bits are I[err] 15 -coordi nates of
t he previ pportunities, with "-1" represented by "0."
Accordi ng to ‘thése"five hi gher bits, the 1/[err]2 filter response waveform

data cogres ggm% urrent elapsed time information for the
I[err]Q%oor I"nat e t%eggﬁrrent even synbol timng opportunity is read
from storage unit 113, for exanple, with 20 the odd tim ng of clock T6.
Coérdi nate accumul ator 109 outputs  err]-coordi nates accunul ated with even
synmbol tinming to storage unit 113 as, for exanple, five higher bits
succeed! ng t o Thee Rhgsavmslulgting apppsakughef 6LAIM Lpewhepeis the address

Q@ err]-coordinate of the current even 37 symbol timng opportunity and
t he ot her Fravwiding means)y eomprigescdi nates of the previous even tim ng
opportunities, with "-1" represented by "0." According to these five

hi gher ®its, the 1/[etihZngi |geierasnonsnenngeffym gaharaeihespenEifgtiting
the current el apsed
4 information which indicates a rise ramp processing section, a
5 transmission section, and a fall ramp pfocessing section and second
6 timing information which indicatés the syﬁbol'period used in each
7 of the rise ramp processing section, the transmission section, and
8 the fall ramp processing section;
9 selectihg means for selecting alternately during one
10 symbol period the I-component and the Q-component converted by the
11 converting means according to the second timing information; and
12 inputting means for inputting an address into the
13 storage means, wherein the address includes a first partial

14 address, which is the first timing information, and second partial

15 address, which is an output from the selecting means.

1 3. The phase modulating apparatus of CLAIM 2, wherein the address
2 providing means further comprises:

3 I-shift register for-accumulating I-components of a
4 certain number of symbols converted by the converting means and
5 outputting the I-components in parallel; and

6 .Q-shift register for accumulating Q-components of the
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S time information for the (Jerr]-coordinate of the current even synbol
timng opﬂmmmu“u mlﬂ fromstorage unit 113, for exanple, with the

even tim th odd symbol timing, the address in storage

unit 113 is not updated as no address I S i nput fron1coord|nate accunul ators
10,108 gnd 10 However clock T1 of el aps ti | nf.or tlon | cate
odtsynilo CEFRRHG. HRUDAES Ofe hARLS | BoRVERFERLBY Lok FRRVPF ting dra i Ena
Qerr]-coordinates are "0" wth odd synbol _tim.ng. Therefore, two

ki nds of tPRtRYEEiRgothe| QeFOFBORBALE }By BPsahlgdta WRETRHh el apsed ti ne
with input "0" are read alternately in time 15 division fromstorage unit
113 eveBy tine the Lotbe adlectingxweans seiectsi aliginpateliie amgutput from
di fference between the rise ranp processing and the general transm ssion is
that two- Mike alldshist " bdgigteenahy addoesputi Fram Trhe +siplft t vegistege
unit 113. The rise ranp 20 processing is perfornmed the sane as the general
transmssion in terns of the rest of the processing, that is, addresses of

hi gher bits succeeding to the two MSBs are.input alternately from

CPouk 19! AP UL BhRsd0RE 40P} O SRR d2 1ELATH 1, MuBEERLP! cne

clock T1 as | ower resses

2 separating means comprises:

3 first delay means for delaying the I-component waveform
4 output from the storage means; and

5 second delay means for delaying the Q-component waveform
6 output from the storage means so that the second delay ﬁeans is

7 synchronized with the first delay means in outputting.

"1 5. A m/4-shift QPSK modulating apparatus for assigning uniquely
2 a signal point on a two-dimensional coordinate, which has an I-axis
3 and é Q—axisl perpendicular to one another, for each set of
4 sequential two bits in serial data input and generating a modulated
5 signal correspondidg to a response waveform which is-output from
6 a lowpass digital filter at a time when an I-coordinate and a Qf
7 coordinate of the signal point is input, the. m/4-shift QPSK
8 modulating apparatus comprising:

9 I—coordinaté accumulating means for accumulating the I-

10 coordinate and outputting accumulated I—coordinafes;

11 Q-coordinate accumulating means for accumulating the Q-
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Ther of the 1/[err]2 ranp waveform data of the
current I M“ﬂgu |Hf mation with input "0" corresponding to I[err]-
and Cler read alternately in tine division with the

timng of cI ock T6 when the | ower address given by clock 5 T1 is less than

a_certajn y S t & r current

el apsegétlcr?:éfjcnf%?%t?%ﬂ %ﬁféﬁkﬁé#?@%%\% ?‘Bﬁdﬁ% {:Eg current even
synbol _timng is read, for_examle Lth odd tim of cl T6._ The

1 errt® ranp wavef or PRt Be’é?'ggh’éw&%\%y%ﬂ? %?%%eﬂ‘%f '%%&ﬂgaﬁ GRTp pRriod
Qerr]-coordinate input wi-th the 10 current even synbol timng is read, for
exanpl & WAt Eeatiphi ﬁgg@ﬁlcwébu@wﬁln%%aﬁﬁsyadmréfteﬁééeoé{%@e?fitﬁ%rf ZRPP
ranp processing and the general transm ssion is that two-MVSB address " 10"

gi ven by ghbesssingnak barst itmansmibssionaperdod: during Wisidhla madplased
processing is perforned the sane as the general transm ssion and rise ranp
processé ngifgral htepessentimg teansfdssises daftaiighetransmitted, and a burst

17 fall period for ramp processing;

18 clock means for outputting time information and a switch
19 signal, wherein the time information, having a frequency higher
20 than input data, indicates a certain elapsed time, and the switch
21 signal is faster than the time information;

22 switching means for selecting alternately an output from
23 the I-coordinate accumulating means and an output from the Q-
24 coordinate accumulating means . according to the switch signal and
25 outputting a selected output;

26 rise ramp means for outputting alternately a burst rise
27 ramp waveform for an I-coordinate filter input ‘and a burst rise
28 ramp waveform for a Q-coordinate filter input according to the ramp
29 period notification signal, an output from the switching means, and
30 the time information;

31 filter means for outputting alternately a filter
32 response waveform for an I-coordinate input and a filter response
33 waveform for a Q-coordinate input according to the ramp period
34 notification signal, an output from the switching means, and the
35 time information; .-
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bits succeed) tmo NBBs are input from coordi nate accunul ators 108
and 109 toemlﬂi%l II and, in parallel, clock Tl as a | ower address.
20 I e U[ew]Zranpvmvﬂormdauiatthetmrm fall
of the current el apsed tlne information with "0" input with the current odd

o e o 1 T ety raltp heThROSE %?é&t@n%%f&#ﬁ??ﬁ g BEEE a1
f d b fall f he
P o ol B el REoRLSq". S STRPEILRate Fiirem RITT APt Re PR oFall

timng is read, for exanple, with odd timng of clock T6. The 1/[err]2 ranp
wavef ordh (RREP HAYSEOHU QT faIQ-csordiaater fahtes Appus @Cﬁerdhngrﬁat ba ramp
with the Qerr]-coordinate 5 input with the current even synbol timng is
read, f3gr perbedenobification tsignel ,ofancbotputT6fr8mpahat swijtchingi medthd, and
separates the output fromstorage unit 112 into the filter response
wavef oram (Bher biReWan€bemakidat;aand
41 separating means for separating each output fromfthe
42 rise ramp means, the filter means, and the fall ramp means into two
43 streams which respectively correspond to the I-coordinate and the

44 Q-coordinate.

1 6. The m/4-shift QPSK modulating apparatus of CLAIM 5, wherein
2 the I-coordinate accumulating means comprises:

3 odd I-coordinate accumulating means for accumulating I-
4 coordinates of odd signal points in the serial data input and
5 outputting an I-coordinate sequence including a certain number of
6 accumulated I-coordinates; and

7 even I-coordinate accumulating means for accumulating
8 I-coordinates of even signal'points in the serial data input and
9 outputting an I-coordinate sequence including the certain number
10 of accumulated I-coordinates, wherein

1 the Q-coordinate éccumulating means comprises:

12 odd Q-coordinate aqcumulating means for accumulating Q-
13 coordinates of odd signal points in the serial data input and
14 outpﬁtting an Q-coordinate sequence including the certain number

53

- This Sheet Has Been Rei

RO




correspondd -fapordinate and the filter response waveform 10 (or
ranp vvavgl mﬂma jliﬂ iﬂFQondi'ng to Qerr]-coordinate with the timng of
clock T6 wo ki nds of data simnultaneously, for exanple,

with the cycle of clock T1. Moirre specifically, separating circuit 114
receiv th %ﬁjf ORS data ccorresponding to
[[err] fi%oo ﬁi '!é\ %ﬁﬁ}%fééxgngf%@&\%hgﬁwﬁ %‘%&1 timng of clock T6 and outputs
the data to adder 118 with t%] ov%' ng_even %igina of therfsame cl ocle .
Al so, <8parating circGVeMOr AL S RCOH B LR 5L PHe PRPSe I G FondRu-Lating
wavef orm data corresponding to Qerr]-coordinate to adder 119, for exanple,
wi th ev@n @TeeordbratescRIiTevenrisg®adh@einkpatint thg serdglt dpta jinpet and
detail. The drawi ng includes registers 114a-114c and inverter 114d. Note
t hat a 18l coktpravtiingaash@-ceroriindtromrgueyce einbindihge KhEs qemtdion usenber
for registers 1l14a-114c to shorten the delay. Separating circuit 115
separ at1es $headcipulateanpstooegind®es, wherein
20 the switching means comprises:
21 odd switching means for selecting alternately an output
22 from the odd I-coordinate accumulating means and an output from the
23 odd Q-coordinate accumulating means according to the switch signal
24 and outputting a selected output; and
25 even switching means for selecting alternately an output
26 from the even I-coordinate accumulating means and an output from
27 the even Q-coordinate accumulating means according to the switch
28 signal and outputting a selected output, wherein
29 the rise ramp means, the filter means, and the fall ramp
30 means include an odd storage unit and an even storage unit,
31 wherein
32 the odd storage unit stores response waveform data of
33 a digital filter and also stores burst rise ramp waveform data and
34 burst fall ramp waveform data which each correspond to the response
35 waveform data of the digital filter, wherein the response waveform
36 data of the digital filter corresponds to an I-coordinate and a Q-
37 coordinate which are determined by two bits at odd input data which

38 is indicated by addresses, namely, the ramp period notification
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unit 113 ] 2 filter response waveform (or ranp waveform data
correspjr’“ﬂlﬂ"ﬂﬂ meﬂ%oordi nate and the 1/[err]2 filter response
wavef or m«-orc t anpm m data corresponding to JQerr]-coordinate with
the timng of clack T6 and out.puts the two kinds of data 5 sinultaneously,

for ex le, wWiht C f k : j f ly, raty 0g 4+
circui tgggl%qlé!cieﬁ veés}?t h%&élﬁgr rf%&ﬁi Ii’re(ra rg‘té}%gﬁggﬁ v(kan%%#lnsﬁxdat%gﬂ{Jl FhdY time
corresponding to IJerr]-coordinate, for exanple, with odd tim ng of clock
T6- and ButiFALT IR P RO Bt racter 116 and adder 117 with the fol | ow ng
even timng of the 10 sane clock T6. Al sg, separating circuit 115 receives
and outthuts the 1/[erth® eVeRcFtPEagBnuBilinStPsrM FSCRODGE FANH R Y data of
Q@ err] -coordinate to subtracter 116 and adder 117, for exanple, with even
ti m ng42ofa digidial Tllter Saphradtsogtagdascdiurstl 18 sehaamp mavefonm data and
construction as that shown Fig.8. 15 Subtracter 116 subtracts
the 1/ [aor rjdrsi ifd1ar vaagpwave foawetaten whtiahceachspopdespohd to the response
Qerr]-coordinate fromthe 1/[err]2 filter response waveform data

cor r esp@NGiAiee £ [Rtd -SOUHE Bt DOt IKdH]S WiHerdala tHR Y sPEBE Fd08Form

separating unit 115. That is, subtracter 116 executes the subtraction of

the t hi45d. d&LdNd£ AR NG FAGAN AP bR dP¥MBY @Pan I-coordinate and a Q-

46 coordinate which are determined by two bits at even input data
47 which is indicated by addresses, namely, the ramp period
48 notification signal, an output from the switching means, and the

49 time information.
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Adder 117 adds two kinds of data being output fromseparating unit 115,
nanely, two kinds of 1/[err]2 filter response waveform data respectively
corresponding to I[err]-coordinate and Qerr]- coordinate. That is, adder

117 executes the addition of the second 41 - and third terns in Fornula 9.
Adder 118 adds the output from subtracter o the filter response
waveform (or ranp waveform data corres o I[err]-coordinate,

nanely, one of the outputs fromseparating unit 114 5 to out put
i nst ant aneous value I (t) of I|-phase signal given by Fornula 8. Adder 119
adds the output fromadder 117 to the filter response waveform (or ranp

wavef orm

dat a corr espRanp pericoddetemhiginatieccuidnd Py, ovhpubs heigndl tPe that

outputs fromseparating unit 10 114 to output instantaneous value Qt) of
Q phase si gmaliggites tye Fetavtaafld BhA e@vdid | rgmpinbérid. corwerdimdingiiiorial

data I1(t)

10

into
quadrature coordinates (Ia,Qa) and (I8,08) are output

alternately. Coordinate accumulator 106 accumulates Ia which is
+1 or -1 corresponding to each odd piece of two-bit data;
coordinéte accumulator 107 accumula_tes Qa which is 0 corresponding
to each even piece of two-bit data. .Response waveforms from a
digital lowpass filter (or rise/fall ramp waveforms) corresponding
to signal Tc and outputs from coordinate accumulators 106 and 107,
namely accumulated values of Ia and Q@ , are alternately read from

storage unit 112.
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an anal og signal, 1(t) being the output from adder 118 and representing the
i nst ant aneous val ue of the |-phase signal. 15 D) A converting
unit 121 converts digital data Qt) into an analog signal, Qt) being the
out put -from adder 119 and representing the instantaneous val ue of the

Q phase signal. The above operations perfornmed by subtracter 116 and adders
- 117-119 generate instantaneous value I(t) of |-phase signal 20 and

i nst ant aneous value Qt) of Q phase signal which are used to generate -
correspondi ng ranp waveforns at the burst rise and fall. Al so, the above

. operations generate instantaneous value I(t) of |- phase signal and
cinstantaneous value Qt) of @ phase signal which correspond to the response
- wavefornms of the lowpass filter at 42 general transm ssions. Fig.9 shows
. eye patterns representing the wavefornms output from D A converters 120 and
121 during two synbol periods (including even and odd) in a general

transm ssi on. In the




5 drawi ng, the horizontal axis shows the el apsed tinme, the vertical axis

the output level of filter response waveformh(t) of |- and Q phases. I t
i s supposed that when filter input is 1 and interference between codes is
0, instantaneous val ue of base point is 1. 10 Wth even synbol

timng, the levels of instantaneous values I(t) and Qt) of the standard
point are any of +[err]2, -[err]2, and O since the first terns in Fornul ae
8 and 9 may be "0" apd at the sane tinme the second and third terns nmay
cancel each other ou When t hecsecond qqd third ternms cancel each other
out, either of 15 I( and Qt)syYanel y,ongspective instantaneous val ues of
|- and Q phases, is | )
phase is level 0 for
I nst ant aneous val ue
| evel -[err]2 for si
each | evel of instan
either of +1 and -1

el 0. F

[ - tg.1. At the sane tine,

t) of Q phas pvefi Hlerr] 2 for signal point E,
' \ = Wth odd synbol timng,

t) of the standard point is

¥ée the sdco ternms are level 0 and each

,

of | [err] and Qerr @ the fir|s€d®s L£8&{gher of +1 and -1. For
exanpl e, instantaneoidal uesS (2 20 O the standard point are |evel
o ©
[ =
3
e Py
B\
qu. ——— — —
42 [ @ A4]
O QO ) O
~ > ) é&'
— B~
NSEE|SER|SE k| cE
Z1=1 b B71=1 p E71=1 RO 71
r qAp qp Fi S ¢ ap dr'
o § =~ P o =~
N A EE REE BREE BEE
. =< ._3 =< =< 3 =< .3
80 =D =5 =5 =5
srd a= o= 2= a=
A S8 =] S8 =]
g2l| [s<gl| (82| |8
A A
B
O, O, ]
=11
mD' e N O
SerO'g -
Rldgiasl =
SO kST 7 A
Lgﬁgl N ~ ;E
O ._1 m
. &) E
)

TIMING
CIRCUIT

602

SYMBOL

GENERATING
CIRCUIT

?
601



43 1 for signal point A° Mxer 122 m xes the output from D A converter
120 and a carrier wave. The output fromm xer 122 is represented by

| (t)cos2[err]fCt which is a result of multiplying I(t), the output 5 from
D) A converter 120, by carrier wave cos2[err]fCt. M xer 123 m xes the output
fromD A converter 121 and a carrier wave input via [err]/2 phase shifter.
124. The output fromm xer 123 is represented by Qt)sin2[err]fCt which is
a result of nmultiplying Qt), the output fromUD A converter 121, by carrier
10-wave sin2[err]f havi ng phase # (Herence [err]/2. [err]/2 phase shifter
124 del ays the phage of input carr&ekzwaves by [err]/2. pdder 125

rmul tipl exes the o#FEputs from m'xe(r]gl Eand 123 and out g8 the multipl exed
- val ue. Adder 125 t put s nodul at ed*: $2gna] I(t)cosZ[e&E] a o+

S Q(t)sin2[err]fCt which correspondsk"f:%(a_,pegoonse wav ef o@gromthe | owpass

“filter. Adder 12%0Out puts a >l 0
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certain ranmp waveformas shown in Fig.4 (c) MODULATED SI GNAL during the
ranp period. As apparent from-.the above description, this enbodi mnent 20 of
the present invention has succeeded in reducing the nunber of storage units
fromfour, as storage units 610-613 in conventional [err]/4-shift QPSK
nodul ati ng apparatus 600, to two by reading the waveformdata stored in
storage units 112 and 113 with tinme division with clock T6 corresponding to
|- and Q coordinates. This 44 reduces the nunber of circuits as a whole
and. makes it easier to achieve [err]/4-shift QPSK nodul ati ng apparatus 100
in an LSl chip. Also, the reduction in the nunber of circuits makes it

possi ble for storage units 112 and 113 to store the ranp waveform5 data at
burst rise and burst fall enabling the ranp processing at the burst rise
and burst fall. Furthernore, it is possible to generate the ranp waveform
nore accurately with the sane procedure as that used in general

transm ssions by using the ranp waveform
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data stored in storage units 112 and 113. 10 In the present
enbodi nent, the ranp waveformdata is generated for each of the burst rise
and burst fall and is stored in storage units 112 and 113. For the burst
rise, one pattern of the ranp waveform data generated based on a certain
pi ece of dummy data nmay be stored in each of storage units 112 and 113
since the 15 substantial data has not been input yet and the data is not

denodurated fromthe ranp wavefiorm Also, for thejurst fall, one pattern
of =t he ranp wavef or m dat afgeferjateq ijn [afivhnce b& stqred] i njeafh of
storage units 112 and 113 |solthat {h a ve fRI I & smqot fily ffrom t he
filter response wavef or t genjerall 40|t rhhsm ssign. Is | s because
there is no need of consigeri{ng i nfer|f gr ehcdes resyon cqnmpohent s ich are
generated by the previoug,ji nputjs al dengfal transpli s§ on.| Even flor [ he
burst fall, the interfergyce|by] rgspdnse|conponentis t e i ppugs a
general transm ssion wou¥d ngt (belilgrjor f the yla ma&eforn1 relto be
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generated according to the response waveformfromthe actual filter.
Hoinever, in reality, storage units 112 and 113 do not store such
interferences but store the genuine waveform data which is read as response
wavef orms. Accordingly, storage space not so 5 nmuch as that required for
storing the filter response waveformdata at a general transm ssion is
required even if the ranp waveform data for both burst rise and fall is
stored. In this enbodi ment of the present invention, the ranp waveform data
is.stored for both burst rise and burst fall.i 10 However, the ranp waveform
data may not necessarily be stoyed for bot h burst rise and burst fall. For
exanpl e, storage units 112 and 113 avef orm data:
at burst rise. Alternativel a Cc¥s ng |[dowp| the el apsed
time, that is, with a reversgd dire ! set so that at
15 burst falls, the output frjomthi i =ty bits instead
of clock Tl to read the ranp vef ofd of tHe burs i pef the ranmp
wavef orm of the nodul ated si gnal ef orm dat a
for general transm ssions wt u ng generated
fromthe ranmp waveform 20 dat a. ust ment
circuits consisting of

Fig. 6
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shift registers may be set at the outputs of adders 118 and 119 or at the
out puts of storage units 112 and 113 so that at burst rises, |ower bits of
an input value are output in the beginning then the nunber of output bits
is increased as the tinme el apses to generate 46 the ranp waveform at the
burst rise. Simlarly, for the burst falls, the nunber of output bits may
be decreased as the tine el apses to generate the ranp waveform at the burst
fall. In this enbodi nrent of the present invention, address 5 signal Tc is
used as two MSBs in the addresses of storage units 112 and 113. However,
address signal Tc may not necessarily be used as a two- MSB address. Address
signal Tc nmay be used as two bits succeeding to two MSBs in the addresses,
the two s being the outputs fromswitching circuits 110 and 111 since the
10 ranmp waveform data does not require as nuch anount of data as the
wavef orm data at general transmi ssions. In this enbodi nent of the present

i nvention, each of
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coordi nate accunul ators 106, 107, 108, and 109 accunul ates, for exanple,
five bits of coordinates. However, they nmay accumul ate 15 seven, ten, or
ot her nunber of bits instead of five bits. That is, the nunber of bits
accunul ated by the accunul ators may be determ ned based on the degree in
whi,ch the filter response to the earlier coordinate values affects the
~filter response to the later coordinate values as tinme el apses. Note that
as-the nunmber of bits 20 accumnul ated by accumul ators 106, 107, 108, and 109
i nereases, the accuracy of the filter response waveform i nproves but the
anount of data stored in storage units 112 and 113 increases. In this
enbodi nent of the present invention, a case with [err]/4-shift QPSK is
descri bed. However, QPSK nay be used instead of 47 [err]/4-shift QPSK

In that case, either of the two horizontal data flows shown in Fig.3 may be
used to achieve such an operation. | NDUSTRI AL USE POSSI BI LI TY Thi s
invention is suitable for phase nodul ati ng

Fig. 7B
WAVEFORM ADDRESS
DATA SIGNAL Tc

GENERAL 00
RAMP RISE 01
RAMP FALL 10




5 apparatuses for allow ng storage units to store the waveformdata of 1I-
and Q conponents of the synbol data in advance and generating the synbol
wavef orm according to the waveformdata. This invention is also suitable
for sinplifying circuits since the transm ssion anplifier need not perform
a gain control since the reduction in 10 the capacity of the storage unit

- enabl es the storage of the waveformdata used in the ranp processing around
“the burst transmission in the storage unit with other wavefornms. 48

CLAI M5 (This clai manendnment was received by the International Bureau Apri
29, 1997. O the original clainms, only CLAIM 1 has been anmended.) Wat is
clainmed is: 1 1. (Arended) A phase nodul ati ng apparatus conprising: 2
storage neans for "storing waveformdata including a 3 waveform used for
rise ranp processing, a plurality of phase

Fig. 8
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4 waveforns wused for both I-conponent and Q conmponent of a 5 plurality
of "transm ssion synbol s, and a waveformused for fall 6 ranp processing; 7
synbol generating neans for generating in time series 8 a dumy synbol for
the rise ranp processing, the plurality of 9 transm ssion synbols, and a
dummy synbol for the fall ranp 10 processing; 11 converting neans
fqr converting each of the dummy synbol 12 for the rise ranp processing,
the plurality of transm ssion 13 synbols, and the dunmy synbol for the fal
ranp processing into 14 the |-conponent and the Q conponent, wherein the
dummy synbol 15 for the rise ranp processing, the plurality of transm ssion
16 synbols, and the dumry synbol for the fall ranp processing are 17
provided in tine series; REPLACEMENT SHEET 18 address providing
means for providing alternately during 19 one synbol period the

| -component and the Q conponent converted

t ? t

STANDARD STANDARD STANDARD
POINT - POINT POINT

ODD EVEN ODD

SYMBOL SYMBOL SYMBOL

TIMING TIMING TIMING




20 ,by the converting nmeans as addresses of the storage neans; 21
separati ng neans for fetching—an-1-conponent waveform 22 and a Q conponent
wavef or m whi ch tely fromthe 23 storage neans and

out putting si n‘Jnﬂ"mmn}ﬁlﬁ ,ﬂﬁ%ﬂﬂ-corrponent 24 waveform and the Q conponent
waveform and 25 ¢ L u ning nmeans for conbi ning the I-conponent
waveform 26 and the Q conponent waveform output fromthe separating neans

27 into a synbol waveform wherein 28 t he storage neans incl udes:
29 an even storage unit for CEABMSng waveform data 30
corresponding to even synbols, receiving alternately an |- 31 conponent

and a Q conpoiivits folamm fenentiinent yasvieteivedany hBe3dntgrnggdrpsd Byreau
even synbol period, and outputting alternately 33 an |-conponent waveform
for an even gpwidl Zd BOIF conpbneie Sdigimakfolaimer enlygvEebaAdYnohasaigen
35 . an odd storage wunit for storing waveform data 36.

correspondin%ﬂ%?dggtﬁynbols, the waveform data having a level 37 1/[err]2
times that of the waveformdata stored in the even storage 38 unit,

receiving alternately an |-conponent and a Q conponent 39 fromthe address
provi di ng neans as an address in an odd synbol

What is claimed.is:
1 1. (Amended) A phase modulating apparatus comprising:
2 storage means for storing waveform data including a
3 waveform used for rise ramp processing, a plurality of phase
4 waveforms used for both I-component and Q-component of a
5 plurality of transmission symbols, and a waveform used for fall
6 ramp processing;
7 symboi generating means for generating in time series
8 a dummy symbol for the rise ramp processing, the plurality of
9 transmission symbols, and a duinmy symbol for the fall ramp
10 processing;
11 éonverting means for converting each of the dummy symbol
12 for the rise ramp proceséing, the plurality of transmission
13  symbols, and the dummy symbol for the fall ramp processing into
14 the I—éomponent and the Q-component, wherein the dummy symbol
15 for the rise ramp processing, the plurality of transmission
16 symbols, and the dummy symbol for the fall ramp processing are

17 provided in time series;
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40 ,period, and outputting alternately an |-conponent waveformfor 2 41
an odd synbol and a Q conponent waveform for an odd synbol. 1 2. The

phase nodul ating a 1, wherein the 2 address providing
means conpri ses: BHMIHHMHIWIEW generating neans for generating first
tinming 4 information which mMndecates a rise ranp processing section, a 5
transm ssion section, and a fall ranp processing section and 6 second
timng informati on which indicates_the synbol Qeriod_ sed 7.in eachggf t he
rise ramg®processing 3€ErESH PERELAING NGNS SRTSPLR¥FIRT AhPTRREFHY | A4S
processi ng section; 9 sel ecting neans for selecting alternately
duri ng on€ 1®nes\symsiolp@enicd thel Iccoppraantaptidt KEeQRrEFPORESN tc GiRRsTa R d
- by 11 the converting nmeans according to the second timng information; 12
~and 13 20 by thyuwdénvertitagamedns avpatdregsas addthss sitoragehamebhs;

- storage neans, wherein the address includes a first parti al

‘21 separating means for fetching an I-component waveform

22 and a Q-component waveform which are read alternately from the
23 storage means and outputting simultaneously the I-component
24 waveform and the Q—component waveform; and

25 combining means for combining the I-component waveform
26 and the Q-component waveform output from the separating means
27 into a symbol waveform, wherein

28 the storage means includes:

29 an even storage unit for - storing waveform data
30 corresponding to eveﬁ symbols, receiving alteinately an I-
31 component and a Q-component from the address providing means as
32 an address in an even symbol period,. and outputting alternately
33 an I-component waveform for an even symbol and a Q-component
34 waveform for an even symbol; and

35 an odd storage unit for storing waveform data
36 corresponding to odd symbols, the waveform data haﬁing a level
37 1/4 2 times that of the waveform data stored in the even storage
38 unit, receiving alternately an I-component and a Q-component
39 from the address providing means as an address in an odd symbol

40 period, and outputting alternately an I-component waveform for




15 .address,

which is the first timng information, and second 16 parti al

address, which is an output fromthe selecting neans. 1 3. The phase

nodul ati ng appa " mlmr”l wherein the 2 address providing neans
further conprislﬂﬂun"ﬂ I l I ILShift regi ster for accunul ating _
| -components of & 4¢cektal nsnutber of synbols converted by the converting

means: and 3

5 outputting the |I-conponents in parallel; and 6

Qshift register for accunmul ati ng Q conponents of the 7 certain nunber of

synbol s édnvé@t &ED S MROL RRAr 2| QucaERABeRkdWa Vefiosm thary ameodd caypedtnt s

in parallel,

wherein 9 : the selecting nmeans selects alternately an

output from10 the I-shift register and an output fromthe Q shift

regi-ster. 1

4. The phase nodul ati ng apparatus of CLAIM 1, wherein the 2

separatiny mfans irprpsase dhodulating hppatratelsayofeanahori dekdsired i hehe
| - component waveform 4 output fromthe storage nmeans; and

2

10
11
12
13
14
15

16

address providing means comprises:

timing generating means for generating first timing
information which indicates a rise ramp processing section, a
transmission section, and a fall ramp processing section and
second timing information which indicates the symbol period used
in each of the ;ise ramp processing section, the transmission
section, and the fall ramp processing section;

selecting means for selecting alternately during one
symbol period the I-component and the Q-component converted by
the'converting means according to the second timing information;
and

inputting means .for inputting an address into the
storage means, wherein the address includes a first partial
address, whichlis the first timing information, and second

partial address, which is an output from the selecting means.

3. The phase modulating apparatus of CLAIM 2, wherein the
address providing means further comprises:
I-shift register for accumulating I-components of a

certain number of symbols converted by the converting means and
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5 second del ay neans_for del aying the Q conponent waveform 6
output fromthe storage neans so that the second delay neans is 7

synchroni zed w | "ay means in outputting. 1 5. A
[err]/4-shift (Hmm:“ﬂuinlﬂﬁlllmﬂ pparatus for assigni %g 2 uni quely a signal
point on a t wo- di nénstontl *codrdinate, which 3 has an l-axis and a Qaxis
perpendi cul ar to one another, for 4 each set of sequential two bits in
serial data input and 5 generating a nodul ated signal corresponding to a
response 6 wensfuritishg cbhé sIocopponénbm an| papadsedigend filter at a time
7 when an |-coordinate and a Q coordi nate of the signal point is 8 input,
the [err]k4-shift QPSK-wndifittatiend sapparédtisacompulatigy @-components of the
| -cqordi nate accunul ati ng neans for accunulating the I- 10 coordinate and

outputting accipd A limbeOPidiatiRSs Ebnverted by @heo@ifivieaiting means and
accunul ati ng neans for accunul ating the @ 12 coordinate and outputting

accunul at gd Q¢ &{@%eﬁle 16-components' #iPpReah 9@ 170kWneteish Means for
outputting a Tta period
9 the selecting means selects alternately an output from

10 the I-shift register and an output from the Q-shift register.

1 4. The phase modulating apparatus of CLAIM 1, wherein the
2 separating means comprises:

3 first delay means for delaying the I-component waveform
4 output from the storage means; and |

5 | second delay means for delaying the Q-component waveform
6 output from the storége means so that the second delay means is

7 synchronized with the first delay means in outputting.

1 5. A w/4-shift QPSK modulating apparatus for assigning
2 uniquely a signal point on a two-dimensional coordinate, which
3 has an I-axis and a Q-axis perpendicular to one another, for
4 each set of sequential two bits in serial data input and
5 generating a modulated signal corresponding to a response
6 waveform which is output from a lowpass digital filter at a time
7 when an I-coordinate and a Q-coordinate of the signal point is

8 input, the [/4-shift QPSK modulating apparatus comprising:
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14 . notification signal--whichindicates-a burst rise period for ranmp 15
:processi ng, a burst transm ssion Ferl od duri ch a nodul ated 16 signal

ror" Farp pracesst ng.- s I NAIRIRIGY el nd o1 F Tl el

I nformati on and a switch 18 5|gnal wherein the tine information, having a
frequency higher 20 than |nput data I ndi cates a certain el apsed tinme,

d the 21 switch signal aster than the ti f t
Cui tching Proans for <87 GOPERY AT EPRRRBR)A BIP RRRRS 1 F o SAE UpEAting the I-

| -coordinate accunul ati ng neans and an output fromthe Q 24 coordinate

accunul ating ¢rerdireterandgoubPehtingi pERUBRALPIaddCEOTBEFIRY i ng a

sel ected out put; 26 rise ranp neans for outputting alternately a

burst risg 27 ranp wirebordiheteanctunobatingtmednst £or i apeumahatingutke Q-

rise 28 ranp waveformfor a Qcoordinate filter input according to the 29

ranp perixd neddfdinadtenandgoatpusbingt potuhtubetele Qswicoaidima ta®; means,

and the tine informtion; 31 filter nmeans for outputting

alternately a filteramp period notifying means for outputting a ramp period
14 notification signal which indicates a burst rise period for ramp
15 processing, a burst transmission period during which a modulated
16 signal representing transmission data is transmitted, and a
17 Dburst fall period for ramp processing;
18 clock means for outputting time information and a switch
19 signal, wherein the time information, having a frequency higher
20 than input data, indicates a certain elapsed time, and the
21 switch signal is faster than the time information;
22 switching means for selecting alternately an output from
23 the I-coordinate accumulating means and an output from the Q-
24 coordinate accumulating means according to the switch signal and
25 outputting a selected output:;
26 rise ramp means for outputting alternately a burst rise
27 ramp waveform for an I-coordinate filter input and a burst rise
28 ramp waveform for a Q-coordinate filter input according to the
29 . ramp period notification signal, an output from the switching

30 means, and the time information;

31 filter means for outputting alternately a filterx
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32 response waveformrfor an T-coordinate input and a filter 33 response

waveform for a Q cook @i ' wggording to the ranp 34 period
notification signal, mﬁmuﬂu)mmm)mmhe swi tching neans, 35 and the tine
i nformation; 36 + ¢ tallmranp+*means for outputting alternately a
burst fall 37 ranp waveformfor an |-coordinate filter input and a burst
“fall- 38 ranp waveformfor a Q coordinate filter input according to the 39

ranp perjiod notification signal, an output fromthe swtchjng 40 neans,.,.and
Uhe | mi# | nFBPRaRSEn: WaNGTAtE  Tof | af lrcotRdhuabeanbipal Rl & | h ke
output fromthe 42 rise ranp neans, the filter neans, and the fall ranmp
means i Ato ZSSPRBSSt Va¥AEOWRi EAYr2Peeeexdinaty rinkpe rreerdig | te ddreli Fame
44.-and the Q coordinate. 1 6. The [err]/4-shift QPSK nodul ating
appar at & perCbdl MoSif2cahioni aignal, an outpht fromottenaws tabdumg inedns)
means conprises: 4 odd | -coordi nate accunul ati ng neans for

accunul 38 i ngnb- theCedh@d HaifRsmeftiagdth signal points in the serial data input

and

36 fall ramp means fof outputting alternately a burst fall
37 ramp waveform for an I-coordinate filter input and a burst fall
38 famp waveform for a Q-coordinate filter input according to the
39 ramp period notification signal, an output from the switching
40 means, and the time information; and

41 separating means for separating each output from the
42 rise ramp means, the filter means, and the fall ramp means into

43 two streams which respectively correspond to the I-coordinate

44 and the Q-coordinate.

1 6. The 7t/4-shiff QPSK modulating apparatus of CLAIM 5,
2 wherein

3 the I-coordinate accumulating means comprises:

4 odd I-coordinate accumulating means for accumulating I-
5 coordinates of odd signal points in the serial data input and
6 outputting an I-coordinate sequence including a certain number
7 of accumulated I-coordinates; and

8 even I-coordinate accumhlating means for accumulating

9 I-coordinates of even signal points in the serial data input and
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6 outputting an I-eee%dkﬂa%e—seqaeaee=including a certain nunber 7 of

» accunul at ed

| - coordi nates: | - coordi nate accunul ati ng

neans for accurml au”ﬂllmulﬂ!m l'! mFs of even SI gnal points in the serial
data input and 6 I'-.coor di nat e sequence including the
certain nunber 11 of accunul at ed | -coordi nates, wherein 12 t he
Q coordi nate accumnul ati ng neans conpri ses: 13 odd Q coordinate
accunul ating means for accunul ating Q 14 coordinates of odd signal p0|nts
in_the %8r|8u§ﬂ£§¥%36bép &n&°95déﬂﬁﬁﬁtF?ﬁ@eﬁﬁeC}EG%FG%%%t%h%éﬁﬁﬁﬁ%%n

i ncl uding the certain nunber 16 of accumul ated Q coordinates; and 17

‘even Q ébor dhaccwutkatiedtI neovrdirates, agbenalinti ng 18 Q coordi nates of

even signa

points in the serial data input and 19 outputting an

Q coor dimat e sequencehenQFedordihlatec aciciimulatiivey mihnd comprises ed

Q coordi nates, wherein 21 t he swit.ching nmeans conpri ses:
13 odd Q—coordinate accumulating means for accumulating Q-
14 coordinates of odd signal points in the serial data input and
15 outputting an Q-coordinate sequence including the certain number
16 of accumulated Q-coordinates; and
17 even Q—coordihate‘accumulating means for accumulating
18 Q-coordinates of even signal points in the serial data input and
19 outputting an Q-coordinate sequence including the certain number
20 of accumulated Q-coordinates, wherein_
21 the switching means comprises:
22 odd switching ﬁeans for selecting alternately an output
23 from the odd I-coordinate accumulating means and an output from
24 the odd Q—coordinaté accumulating means according to the switch
25 signal and outputting a selected output; and
26 even switching'means for selecting alternately an output
27 from the even I-coordinate accumulating means and an output from
28 the éven Q-coordinate adcumulating means according to the switch
29 signal and outputting a selected output, wherein
30 the rise ramp means, the filter means, and the fall ramp
31 means include an odd storage unit and an even storage unit,
32 wherein
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22 odd switching neans for selecting alternately an output 23

: fromthe odd I-coordin means and an out put from 24 the odd
‘Qcoordi nate accumul atﬂmmnm“mnl ng to the switch 25 signal and
outputting a sel ected output;t atd 26 even switching neans for

sel ecting alternately an output 27 fromthe even |-coordinate accunul ating

nmeans and an out put from 28 the even Q coordi nate accunul ati ng neans
accordlng to the smnt%h 29 S|g al and outputting a sel ected output, wherein

30. the risé& age dh Y tFOTRANKS SRS E hEaT’SifPrF‘aﬁi&t?l of
means i nclude an odd storage unit and an even storage unit, 32 wherein 7
33 34  aidigbrl stblbge andtatsoretores pbusetmmeﬁormamvafm glata
digital filter and al so stores burst rise ranp waveform data 35 and bur st
fall rargs weared dsursiat fakhi campawavedormsgahd whitheed6hr esparseponal dforithe
data of the digital filter, wherein the 37 response waveform data of the
digital sbi | idspsESRANEL I @Bata of the digital filter, wherein the
37 response waveform data of the digital filter corresponds to an
38 I-coordinate and a Q-coordinate which are determined by two bits
39 at odd input data which is indicated by addresses, namely, the
40 ramp period notification signal, an output from the switching
41 means, and the time information, wherein
42 the even storage unit stores response waveform data of
43 a digital filter and also stores burst rise ramp waveform data
44 and burst fall ramp waveform data which each correspond to the
45 response waveform data of the digital filter, wherein the
46 response waveform data of the digital filter corresponds to an
47 I-coordinate and a Q-coordinate which are determined by two bits
48 at even input data which is indicated by addresses, namely, the

49 ramp period notification signal, an output from the switching

50 means, and the time information.
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