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DATA DEMODULATOR

BACKGROUND OF THE INVENTION .

Field of the Inventidn" .

The present 1nvention relates to a data demodulator
for reproduc1ng dlgltal data from receive signals which

have undergone differential phase-shift-keying (DPSK), and

| "more particularly to.a data demodulator wholly consisting

~of digital eircuits;-weil suitable for digital cellular

telecommunicetion'systems of-an_M—channel (M is a positive

integer) multiplex time division multi-access (TDMA) formula.

Description of Reléted_Art

In addigital éeildiar'teieeommunication system subject
to fading, it is.tecommended:to_use x/fotr—shift quadrature
phase-shift-keyed (#/ 40PSK) signals in transmission and
reception.between'the radio bese station and any mobile

unit (for instance according to "RCR Standards on Digital

. Cellular Telecommunieatibn'Systems", RCR STD-27A, Jan. 1992,

Research & Development Center for Radio Systems). A data

demodulator for DPSK-signals should correct frequency

drifts (or frequehcy'offsets)'of receive signals while
achieving approprlate symbol synchronlzatlon, and thereby
improve the erroxr rate af the demodulated data. kgurther—

more, a data demodulator for use in a TDMA system should

-quickly achieve symbol synchrohization of burst signals,




of digital circuits, well suitable for digital cellular
t el*econqwuni cati on systens of an Mchannel (Mis a positive I nt eger)
mul tiplex time division multi-access (TDMA) formnul a. 10 Description of
Rel-ated Art - In a digital cellular teleconmunication system
subj ecft* *to fading, it is recomended to use [err]/four-shift
quadr at ure phase-shift-keyed ([err]/ 4QPSK) signals in transm ssion
and recepti on between the radi o base %tation and any nobile 15
unit (for instance.according to "RCR Standards on Digital : Cel | ul ar
Tel ecommuni cation Systens”, RCR STD-27A, Jan. 1992, Research &
Devel opnent Cent ercdr@ecRatHed rSyséQiney drilisd and, whélemdukihedus or DPSK
signal s should correct frequency drifts (or frequency offsets) of
recei ve signal s wiieceptign tajehimlAaey apprrpidisht eaid rygibodyayiehneniat i on,
r : |_npr ov rror r f th I . _gFurther-
and t her eby zaqgog é%él}%egﬁeééy dggﬁtcéogfegtggg“%ﬁtf%%egcggﬁéi of urt
resistance to noise and other pertinent factors.
5 One of the data demodulators embodying an attempt
to address these problems is proposed in the 4lst IEEE
Vehicular Technology Conference, pp. 652-656, May 1991
and ‘the Technical'Report of the Institute of Electronics,
Information and Communication Engineers, Japan, RCS589-64,
10 March 1990. This data demodulator using adaptive carrier -

. tracking (ACT), developed for use in mobile units which
have to be compact and consume little power, detects the
phase of 7 /4 QPSK signals by comparing the phase of the
3/4QPSK_signals in an intermediate frequency band with

15 that of a reference signal, and supplies the detected
phase directly in a digital value. The data demodulator
demodulates this digitized detected phase with digital
circuits permitting large scale integration (LSI), and
provides four-value code decision data.

20 The ‘aforementioned ACT type data demodulator controls
the freqﬁency and phase of said reference signal
independently -of each other with an ACT circuit, an
automatic frequency control (AFC) circuit and a phase/
frequency control circuit to correct the carrier phase

25 rotation of the = /4 QPSK signals on a sy’mboi-by—symbol

basis.. This data demodulator, because it controls the



nore, a data denodul ator for use in a TDVA system shoul d qui ckly
achi evez symol
correct their frequency drifts and, where continuous

reception ‘takes place, acconplish said synbol synchroni- zation and
frequency drift correction taking account of resi stance to noi se and
ot her pertinent factors. 5 One of the data denodul at ors enbodyi ng
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synchroni zati on of burst signals,

to address these probl ers3is proposed in the 41st | EEE

frequency drifts of the = /4 QPSK signals relative to

the reference signal and the reference phase for phase
detection independently of each other, is quick in
responding to burst signals such a§ TDMA signals, but

has no function to optimize symbol synchronism. This
data demodulator, moreover, requires more or less complex
circuits'for controlling the phase-and fr;quency, such as
said ACT circuit, AFC circuit and phase/frequency control

circuit.

SUMMARY OF THE INVENTION

Objects of the Invention

A first object of the present invention is to provide
a fully digitized data demodulator for differenéial phase-
shift-keyed (DPSK) signals, réadily permitting large scale
integration (LSI) and dispensing with adjustment.

A second object of the invention is to provide a data
demodulator suitable for the reception of TDMA signals.

A third object of the invention is to provide a data
demodulator having means for optimal adjustment of the
symbol synchroniém phase of demodulated data.

A fourth Bbject of the invention is to provide a data
demodulator having means to correct the frequency drifts

of receive signals.

A fifth object of the invention is to provide a data

demodulator permitting the realization of said symbol
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Vehi cul ar Technol ogy Conference, pp. 652-656, May 1991 and the
Techni cal Report of the Institute of El ectronics, . | nformation and
Communi catkon Engi neers, Japan, RCS89-64, 10 March 1990. This data
denpdulator u3|ng adaptive carrier tracki ng (ACT), devel oped for use
in nobi’l e uni'ts. which - have to be conpact and consune little power,
detects-the phase of [err]/4 QPSK siﬁgals by conparing the phase of
t he ' [err]/4 QPSK signals in an intermediate frequency band with 15
that of a reference signal, and supplies the detected phase directly
in a digital value. The data denodul at or denodul ates this digitized
detected phase wi spndigirtialing meansCaid@ UitegupREi ditiftg cbaF et ivhameans

i ntegration (LSI), and rovi des four-val ue code decision data. 20
The aforenentloneanAEW@%$p@° kplrabheRRH at or control s t he frequency

and phase of said ref%{%gggh éﬁ?&%% of the invention is to provide a data
demodulator capable of flexibly varying the quantity of
5 the setting of said symbol synchronism phase and that of

said frequency drift correction according to the state of

receive signals.

Summary of:the Invention
A data demodulator accordlng to the present 1nventlon
10 subjects DPSK-modulated TDMA signals to delayed detectlon
by phase detection means, delay means and phase difference
detection_meéns connected in cascade to generate phase
diffe;ence sighals synchronized with N-phase clock signals.
. These phase difference signals are reproduced into decision
15 data by deéision means.

In one preferred embodiment of the invention, this
data demodulator obtains symbolfsynchronized demodulated
data by sampling said decision data with the optimal oné
among N saﬁpling phases. This data demodulator is

20 characteristic in the method of selecting said optimal
sampling phasg. First sampling phase calculating means
adds for a préscribed period a decision errxor signal based
on the difference between said phase difference signal and
deci;ion data every time said N-phase clock signal is

25 entered, and:éelects as said sampling phase the phase of

the clock signal corresponding to the signal indicating
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I ndependent|ly of each other with an ACT circuit, an automatic

frequenecy control (AFC) circuit and a phase/ frequency control
circuit to-correct the carrier phase 25 rotation of the [err]/4 QPSK

nals on a synbol by- synbol basis. This data denodul ator, because
|t controls the - 3-

frequency drifts of the [err]/4 QPSK S|gnad§_1elative to the reference
signal and the reference phase for phase detection i ndependently of each
other, is quick irmr responding to burst signals such as TDVA signals, but
has no function to optim ze synbol synchronism This data denodul ator,
mor eover, requireshfpFBableste¥alenmiay the @died ¥ slecdsher cﬁ’?’ioﬁg“gnals-

Second sampling phase calculating means weights the adding
method of said decision error signals according to the
reception state of the TDMA signals. One of the ways it
5 is weighted is to subject the sampling phase obtained from
a precedihg TDMA burst and a newly obtained sampling phase
to weighted averaging to give a normal sampling phase.
In another preferred embodiment of the invention, this
data demodulator is provided, between said phase difference
10 detecfion—means and said decision means, with subtraction -
means for subtracting a correcting value from said phase
differénce signal to eliminate the D.C. offset of said
phase difference signal due to.the frequency drift of the
receive gignal. _This data demodulator is characteristic
15 in the method of calculating said correcting value. First
correcting value calculating means calculates the average
of decision error signals based on the differences between
said phase difference signals and decision data during a
certain period, and provides this average as said correcting
20 value. Second correcting value calculating means weights.
the method of calculating said correcting value according
to the receptién state of the TDMA signals. One of the
ways it is wéighted is to take into account a correcting
value obtained from a preceding TDMA burst in the

25 calculation of said correcting value.
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t he phase and frequency, such as said ACT circuit, AFC circuit and

phase/ fx equency control circuit. SUMWMARY OF THE | NVENTI ON I t
is an bbject of the present invention to aneliorate one or nore of the
aboyenentioned problens. According to one aspect. of the invention
thére i.s disclosed a data denodul ator provided with: phase

detection neans for detecting the phase of a receive signal having

under gone  di fferenti al phase-shift-keyi ngr 6DPSK) by conparing the phase of
said receive signal and that of a reference signal whose frequency is
substantially equal to K (Kis a positive integer) tinmes the center

frequency of SaidBEfﬁﬁhﬁﬁFégﬂgiﬁN d?n9H§Qﬂﬂkhﬁ8 the phase of said receive

signal, which has been to give a phase signal in a paralle

signal formevery tinmelabbosknenitgdBRed i #ndSUpRéT &shjeces | teantmrbsoand he
di vision of the synbol. period of said receive signal into N(Nis a
positive integer) a@ﬁgg@gg,esi of sﬂmg[pireg]ent invention will become more

apparentlfrom the following detailed description when
5 taken in conjunction with the accompanying drawings,
wherein:
FIG. 1 ls a block diagram of a preferred embodiment
of the invention; '
FIG. 2 is a chart showing the values of the phase
10 difference signal p3, the decision data 41 and the square -
ea of the decision error in the embodiment illustrated
in FIG. 1;. .
FIG. 3 is a timing chart of signals in the embodiment
shown in FIG. 1;
15 FIG. 4 is a detailed block diagram of the signal
processor 167A in the embodiment shown in FIG. 1;
FIG. 5 is a flow chart showing one of the operations
of the signal processor 107A illustrated in FIG. 4;
FIG. 6 is a detailed block dlagram of the signal
20 sampling circuit 111 in the embodiment shown in FIG. 1;
FIG. 7 is a block diagram of another preferred
embodiment of:thé-invention;
FIG. 8 is a chart showing the values of the phase
difference signal Ei,'the decision data dl and fhe decision
25 error ég in the embodiment illustrated in FIG. 7;
FIG..9 is a timing-Ehart of signals in the embodiment
shown in FIG. 7; and
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del ay nmeans for generating a del ayed phase signal by giving said phase
signal. z:a delay equal in length to said synbol perieod, phase

di fference detection means for generating a phase difference signal by
subtracting said delayed phase signal from said phase signal; and

deti sion nmeans responsive to said phase difference signal for generating
decisien_ data, which is the result of th% phase decision of said phase

di fference signal, further provided with:

-4 - deci sion error conputing nmeans responsiveto said phase

di fference signal and said decision data for conputing a decision error on
the basis of the diffeienae betaveilow tiweriplhseind s@ dfptiasererktbomnce

signal and the decision phase of said decision data;
of the signal processor 107B illustrated in FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referrihg'to FIGS. 1, 2 and 3 together, ﬁhis data
5 demodulato; constitutes part of the base station apparatus
of a digital céllular telecommunication system of a TDMA
formula. This base station apparatus includes a transmitter
unit (not'shown) for transmitting M-channel TDMA signals,
a receiver.ﬁnit'(not shown) for receiving = /4 QPSK signalé
10 of the 800 MHz band transmitted over a designated channel
among the.M TDMA signal channels, and a control unit (not
shown) for:controlling said transmitter unit and receiver
unit. The high frequency section of said receiver unit
converts the received #/4 QPSK signals into receive
15 signals r of én intermediate frequency (455 kHz, for
instance) band. The data demodulator receives this
z=/4QPSK-modulated receive signals r at an input terminal
100. |
The data demodulator, wholly consisting of digital
20 circuits,'iﬁcludes phase detector 101, delay circuit 102,
phase differenéé detector 103, decision circuit 104, and
reference signal generator or oscillator 105 for generating
a reference signal fr of a frequency substantially equal
to K (K is a positive integer) times the center ffequency

25 of the receive signal r, all known means to persons skilled
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N deci sion error addi ng neans each for generating a decision error sum by
addi ng sai d.decision error every time said clock signal is supplied and for
clearing sald decision error sumin response to a clear signal; N
deciision error registers each for storing said decision error sum from t he
coﬁnesponding one of said decision error adding neans every tine a sanpling
signal iis supplied; a sanpling phase register for storing
sanpl i ng phase signal s;-. sanpl i ng-rfeans f'or generating symbol rate
denodul ated data by sanpling said decision data in a phase indicated by
said clock signal and said sanpling phase signal; and si gnal

processing means fyriper, ﬁomﬁ#ésﬁggge %{é’tgco?eiﬁ $ifloe e@ﬁé Nk Ribraal d

deci sion error sum fromeach eclision erro I sters, sanpl ng
phase conputing EasBe R%RGE81 ¥8yriaQ Eaﬁi‘bnofthbhﬂﬁp'md&.%h:ﬁh.ﬂill ergokoSans for
conputing said sanpling phase signal by a prescribed conmputing technique,
and storing neans lpgic slemeilngan%aﬁectesaﬁpthm@hphas@f thgnaecqameo sdgngl r
sanpl i ng phase re |st Accor ég%xﬁgtagpt aspect of _the

i nvention there i %Qﬁ?i&@g theygexo cro is Gabe-shaped

5 receive signal r and that of a signal resulting from the
frequency division of the reference signal fr by K. The
phase detector 101 further samples this detected phase N
times per symbol (period Ts) of the receive signal r with
N-phase (N is a positive integer) clock signals clk, i.e.

10 cl, ..., cN, from a timing signal generator 106A, and
gives this sampled detected phase as the phase signal pl
of the receive signal r. Thus, the phase detector 101
outputs N-phase signals pl per symbol in numerical data
in a parallel form in response to the receive signal r,
15 the reference signal fr and the clock signals clk. The
accuracy of the phase detection of the receive signal r
by the phase detector is 2% /K radians.
The phase signal pl is supplied to the delay circuit
102, which generates a delayed phase signal p2 by delaying
20 the phase signal pl by one symbol. The phase difference
detector 103 generates a phase difference signal p3 by
subtracting tﬁe delayed phase signal p2 from the phase
signal pl (p3 = pl - p2). The phase difference signal p3
is the difference between the phase signal pl earlier by
25 one symbol (the delayed phase signal p2) and a newly

received phase signal pl, i.e. a signal resulting from

This Sheet Has Been Rerilaced
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denodul at or provided w th: phase detection neans, receiving a
recei ve sigpal having undergone [err]/4-shift quadrature
phase-shift-keying ([err]/4 QPSK), for detecting the phase of said receive
signal- by conparing the phase of said receive signal and that of a
reference signal whose frequency is substantially equal to K (Kis a
positive integer) tines the center frequenty of said receive signal, and
sanpling the phase of said receive signal, which has been detected, to
give a phase signal in a parallel signal formevery tinme a clock signal,

resul ting from t R1di¥d sictirceloh Nex Sy YAl Qi Dt irdcé BELisignal gnal
into N(Nis a positive integer) phases, is supplied,
-5 - ddhey deeisionf girgeirienldti aguprreel tlye dipiseséisiqpeaiceby gi vi ng
sai d phase signal a
signal p3 with a predetermined value, and generates
decision data dl of a two-column four-value signal (see
5 FIG. 2). Thus, the decision circuit 104 dete;mines which
of four rahges including (—Ffto.-x/Z) , (==/2 to 0),
(0 to #/2) and (7/2 tow) the phase difference signal p3
belongs to, and generates decision data dl corresponding
to the aefined-range, i.e. (1, 1), (1, 0), (0, 0) or (0, 1).
10 Here, N péirs of decision data dl are generated per symboi
of the.receive signal r.
The constituent elements which characterize this
preferred embodiment will be described below. Here,
timing signal generator 106 receives a frame signal £
15 from the contfol unit of said base station apparatus every
time the receive TDMA channel (frame) is switched (times
t2 and t6),.and generates a channel number indicating
signal ch synchfonized with the frame signal £, a clock
signal clk, a clear signal clr and a sampling signal load
20 (see FIG. 3). Thus, the timing signal generator 106 |
generates the:clock signal clk begihning at the switching
times t2 and'té of the TDMA channel, the channel number
indicatingnsignél ch upon reqeption of the frame signal £,
the sampling signal load at the final ones of tﬁe reception
25 timing for é speéific TDMA channel (times 1 and t5), and

the clear signal clr immediately after the generation of

the sampling signal (times t2 and t6).

—_—
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del ay equal in length to said synbol period; phase difference

det ectron neans for generating a phase difference signal by subtracting
satd del ayed phase signal fromsaid phase signal; and deci si on
nmeans responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference
signal, further provided wth: . timng signal generating nmeans
for'generating a sanpling signal, a clygac signal and said clock signal
~decision error squaring neans for generating the square of a definition
error by squaring the difference between the phase of said phase
difference signal and the decision phase of said decision data; N

deci sion error addﬁ"rfgstnﬁéﬁ% léea@ﬁsf’ﬁ%bij’eﬁéﬁa‘?ﬁ’?ﬁttlﬁé Qfinthst PERESSTRtar es of
deci sion errors %{Jh enq:l ng tshtera ﬁare roxfc;.si" dhedne% i on. e J s181¥$ r_tl me said
pT ea

cl ock signal gpbo e corr spon g phase 's™sup ed an 1 ng the
sum of the squatesorffectigide. d%‘ $hoD &IeQr end rtlrrﬁﬁgoﬂﬁcﬁqatlo geakfakdrear

stonal; 106 does not generate the channel number indicating signal
5 ch, but generates the sampling signal load and the clear
signal clr in prescribed periods, here in the same frame
periods Tf as when the feceive signals r are M-channel
TDMA signals. |
Decision error squaring circuit 112 generafes the
10 square ea of the decision error in response to the N-phasé
phase difference signal p3 and the decision data dl (see
FIG. 2). Thus, the squares of the differences between
decision phases -3%/4 , -%/4 , /4 and 37/4 radians
respectively corresponding to the decision data dl (1, 1),
15 (1, 0), (0o, 0) aﬁd (0, 1) and the phase represented by
the pﬂase signal gi are obtained at the output of the
circuit 112 in the relationship of correspondence shown
in FIG. 2. When the receive signal r is a =/2-shifted
BPSK signal, the decision circuit 104 decides which of
20 the two ranges (-~to0) and (0 tox ) the phase difference
signal EE belongs to, and generates ; decision datum dl
corresponding io that range, i.e. (1) or {(0). Therefore,
the decision phase corresponding to the decision data dl
of the w/2- shlfted BPSK signal are -%/2 and ©/2 radians.
25 Each of N square error adders 113- l, ee.ys 113-N adds

the square ea of the decision error every time a clock

nnm\ \‘iii\T il



N decision error registers each for storing said decision error sumfrom

the corresponding one of said decision error adding neans every tinme a

sanpling signal is supplied; a sanpling phase register for

stqring sanpling phase signals; sanmpl i ng neans for generating

symbol rate denpdul ated data by sanpling said decision data in a phase

i ndi cated_by said clock signal and said sanpling phase signal; and

si gnal processing neans further conprising-1710-neans for reading the sum of

the squares of said decision errors fromeach of said N decision error

registers in a prescribed period and witing said sanpling phase signal

I nto said sanpling Qhas r%gister, an go utlng means for. sendi ng one of
sBon

the phases of said GIock Sdnar:’ & S GOrLe IR IR ARG 1Faf ke TRd
the squares of sai dtgdegimiQReCaE 3 ATRPELL Remd S4B .0, ,t 8oy SUr 88e s

the decision error sums eal, ..., eaN upon inputting of the
clear signal clr. The decision érror sums eal, ..., eaN
5 are stored into square error registers 115-1, ..., 115-N,
which sample the decision error sums eal, ..., eaN at the
timing of the sampling signal load (fime tl), and supply
the sampled decision error sums esl, ..., esN to signal
processing means 107A. The data.génerated by the square
10 error adders 113-1, ..., 113-N are'acceptable if they aré‘
based on the decision errors (El - dl) in ﬁhe different
phases of the clock signals clk. Therefore, the decision
error squaring means 112 may be replaced witp decision
error detection means generating the absolute values of
15 the decision errérs (pl - d41).
The signal processing means 107A responds to the
decision error sums esl, ..., esN which have been read
out and to réception information inf from said control
unit, and calculates a sampling phase signal sl by a
20 sampling phase calculating technique to be described
below. This sampling phase signal sl, which is instructing
information to.have signal sampling means 11l sample the
decision data dl in a selected phase of the clock signal
clk, indicates the phase number of the clock signal clk.
25 The signal processor 107A writes the sampling phase signal

sl into a sampling phase register 114-1. The signal

: . This Sheet Has B
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-6 - said decision errors, which have been read out to said input/output

(170 reans:as said sanpling phase si gnal . According to yet
anot her -aspect of the invention there is disclosed a data denodul ator
provi ded w th: . phase detection neans, receiving a receive signa

havi ng undergone [err]/4-shift quadrature phase-shift-keying ([err]/4
QPSK), for detecting the phase of said receive signal by comparing the
phase of “said receive signal and that of g:ﬁpterence si gnal whose
frequency is substantially equal to K (Kis"a positive integer) times the
center frequency of said receive signal, and sanpling the phase of said
receive signal, which has been detected, to give a phase signal in a
paral |l el signal fosarpving cirmeita lJdlosémpsigmahe decisuloni dgtd rddmathe

di vi sion of the synbol riod of said receive signal into N (Nis a _
positive int eger)yﬁﬁﬂ%’é‘g,‘1F’sasﬂiﬁﬂq)eél‘}5tru°ted by qe| pchesbsndoclienrd at i ng

?odgla_?éegyﬁggfep:ir I@g%' sa%ﬁh&i &gasseaisggggfssi signalpd phggtla ayegei%'%%lr £P4—|le,ngt h
and generates at an output terminal 200 demodulated data az
5 at a symbol rate resulting from the optimizing adjustment
of the stbol synchronism phase. Incidentally, since "2"
is written in the phase register 114-1 on the TDMA channel
"1" in FIG. 3, the symbol synchronism timing of the
demodulated'data d2 is the second phase of the clock
10 signal clk (times t3 and t4).

With further reference to FIGS. 1 through 3, the
operation .of the preferred embodiment which takes place
when the receive signal r is an M-channel TDMA signal will
be described below.

15 The data demodulator for demodulating M-channel TDMA
signals is provided with M sampling phase registers 114-1,
ceeys 114-M cérresponding to the number of channels, M.
The signal processor 1072 calculates a sampling phase
number Ei (i is an integer neither smaller than 1 nor

20 greater than M) in response to the decision error sums
esl, ..., esN read out at every timing of reception end
and to the receive information inf, and writes this sampling
phase signal_Ei into the sampling phase register 114-j for
the ith chaﬁnel‘ Thus, the sampling phase registers 114-1,

25 ceey 114—M'write sampling phase signals sl, ..., sM of the

respectively corresponding TDMA channels. The signal

—_————
——
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phase difference detection neans for generating a phase difference signal
by - subtracti ng said del ayed phase signal from said phase signal; and
deci si on nmeans responsive to said phase difference signal for generating
deci sion data, which is the result of the phase decision of said phase

difference signal, further provided with: timng signa
generati ng neans for generating a sanpling signal, a clear signal and said
cl ock signal; deci sion error squaring neans for generating the

square of- a decision error by squaring ;uelgijference between the phase of
sai d phase difference signal and the decision phase of said decision data;
N deci sion error addi ng neans each for generating the sum of the squares of
said decision errors by adding the square of said decision error every
time said clock sif®Pldng elmrudsr 1 pamgiley firadecisicugplitaedl artd ther
O e S O S 35O nd i LeadSS ST 215 bl S90S L2
said clear signal; g ed by the sampling p el s3
corresponding to the channel number indicating signal ch
and by a clock signal‘glk.' The TDMA channel "1" in FIG. 3
5 indicates the symbol synchronism timings of the demodulated
data d2 when "2" is written in the phase register 114-1
(times t3 and t4), and the TDMA channel "2" shows the
symbol syhchronism timing of the deﬁodulated data 42 when
“N" is written in the phase register 114-N (time t7).
10 Referring now to FIG. 4, the input/output (I/O0) porth
202 of the signal processor 107A reads out the decision
error sums €sl, ..., esN from the square error registers
115-1, ..., 115-N, respectively, upon completion on every
TDMA channel. These decision error sums esl, ..., esN
15 are separately stored in N x M decision error storing
memories 205. A microprocessor (CPU) 201 computes the
optimal sampiing phase signal sj for each TDMA channel in
response to one or another of these decision error sums
esl, ..., esN, and writes this sampling pﬁase signal sj
20 into the sampling phase register 114-3j for the corresponding
TDMA channel via the I/O port 202. The CPU 201 operates
in accordance with a program stored_in a program ROM 203,
One of the techniques to compute the optimal sampling
phase signal sj for the decision data dl is suitable for
25 use when it is desired to sﬁbjéct a receive signal r in

a burst state (burst signal) to symbol synchronization

Th
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-7 - N decision error registers each for storing said decision
error sumfromthe correspondi ng one of said decision error addi ng neans
every tinme a sanpling signal is suppl i ed; a sanpling phase
regi ster for storing sanpling phase signals; sanpl i ng nmeans for
generating synbol rate denodul ated data by sanpling said " decision data in
a phase i-ndicated by said clock signal and said sanpling phase signal; and
si gnal processing neans further conprising }%ﬁUt means for reading the sum
of the squares of .said decision errors fromeach of said N decision error
registers in a prescribed period and receiving receive information

i ndi cating the recepbhostaitabE décepiiidn. I ewiiny/ €héi giidre eutPrirdgaansré or
witing said sanplin hase signal into said sanpling phase register

wei ght ed aver age déégsfon- -err 5 rasmplegthe desisbon curout Swes \esilght ed,

esN, respectively, the signal processor 107A reads out
these decisioﬁ error sums esl, ..., esN to find out the
5 smallest decision error sum esi. The timing of the clock
signal clk for the square error register 115-8 to give
this smallest sum esi, i.e. the phase of the ith phase
clock signal ci, is selected as the optimal sampling phase
for the decision data‘gl. This method to compute the
10 optimal sampling phase signal si ié applicable irrespective
©f whether the number of TDMA channel(s) is one or more.
Another technique to compute the optimal sampling
Phase si is suitable for use when the receive signal r is
a TDMA signal. This is based on the fact that the drift
15 of the optimal sampling phase signal si is extremely small
between burst signals in which TDMA signals of the same
channel adjoin one another. The signal processor 107a
finds out a new sampling phase signal si by subjecting
the past sampling phase values si and a newly computed
20 sampling phase signal'gi to weighted averaging instead
of computing an entirely new optimal sampling phase signal
si for each sémple of the decision error sums ggl,....,
esN. Thus, the signal processor 107a coﬁputes a weighted
average decision error wesi fbr-each of the first to the
25 Nth phases by Equation (1), and selects as the new sampling

phase signal gi the phase of the clock signal ci of the
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average decision errors resulting fromthe wei ghted averagi ng of the N suns
of *the » squares of said decision errors, which have been read out, and of
the N suns of the squares of said decision errors in the precedi ng addi ng
period; and' conputing neans for sending one of the phases of said clock
signal, .corresponding to the smallest value of the sums of these weighted
average decision errors to said output neans as said sanpling phase

si gnal . According to yet another- @spect of the invention there is
di scl osed a data denodul ator provided wth: phase detection
means, for detecting the phase of a receive signal having undergone

differential phasesshifd Jsexl ngediORSK) ) 1L CONPAL I i ekhenDaA 186 St fle

receive signal erence si gnal whose frequency 1Is

substantially equabstenit ¢KibBte aResadd \ERciBiegairroki wEsithe center
frequency of said receive signal, and sanpling the phase of said receive
si gnal, which has gesh Rjg:t(éecie-diort ergdw csum phdke Vs|+gr§aﬁl¢€n soggdain el

signal formevery tine a _clock S|%nal, resultin 3 he dIVI |on oé t he
symbol period of said re88FY%t¥ GREPT | SHOSIRA (IF g% i'tfhe " teQErl)

phases, is Sup[_})l i egﬁere 0 = the weighting coeff1c1ent vl
By this sampling phase computing method, the greater
the weighting coefficient w, the sooner the symbol
synchronization. Therefore, the value of the weighting
.-COefficient w is set greater immediately after the start
10 of reception of receive signals r on a given channel and;ﬁ
after completion of the synchronization, it is reduced to
a smaller value to restrain fluctuations due to noise
superimposed on the receive signals E; When no receive
signal r is received, the square error memories 205 are
15 cleared and, when the reception of receive signals r is
to begin, the sampling phase signal si is determined
solely on the basis of the value of the square error
register 115-i. As a result, the symbol synchronization
of burst signals r with short preambles is accelerated
.20 in this data demodulator. The CPU 201 varies the weighting
coefficient w in response to the receive information inf
notifying the gtate of the reception of said receive
signals r from said control unit and to the software
program of the program ROM 203. Incidentally, éince it
- 25 is undesirable to let the square error memories 205 to be

cleared by any instantaneous interruption of the receive
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del ay neans for generating a del ayed phase signal by del aying said phase
sidnal’;by one synbol ;

phase di fference detection means for generating a phase
dlfférence signal by subtracting said del ayed phase signal from said phase
5|gnal and deci si on nmeans responsive to said phase differénce
signal fer. generating decision data, which is the result of the phase
deci si on of said phase difference signal,~wferein: said receive
signals are Mchannel (Mis a positive.integer) time division nulti-
access (TDWA) signals, further provided wth: deci si on
error conputing NeaagnaEINOREEVE:dra1SBeediRse16VL f IR Shal-+aRg

means to prevent the square error memories 205 from being

-8

cleared and the sampling phase signal si from varying
abruptly in time of instantaneous interruption of the
5 ’receive.signal r.

Known means can be utilized for the collection of
aforementioned receive information inf. Thus, said
receiver apparatus detects the recéive field intensity of
the 7 /4 OPSK signals received and, if this receive field

10 intensity is above a prescribed level, will supply the .
Yeceive information inf to the signal processor 107 via
said control unit. If the receive signals r include any
sync signal, sync signal detecting means known to those
skilled in the art will transmit the receive information

15 inf upon detection of said sync signal. Or, if the receive
signals r are in the form of error detection codes, the
error detecting meané of said receiver unit will transmit
the receive information inf upon detection of said error
detection codes. Or, said control unit will transmit

20 the receive information inf upon detection of a signal
expected in advance. As described above, since various
means are available for judging whether or not signals are
being received, said radio apparatus can use a suitable
one of them for this data demodulator to supply the receive

25 information inf to the signal processor 107A.

Referrihg to FIG. 5, this flow chart shows the second
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sai d deci sion data for conputing a decision error on the basis of the
difference between the phase of said phase difference signal and the
deci si on phase of said decision data, N deci sion error adding
means each for generating a decision error sumby adding said decision
error every time said clock signal is supplied and for clearing said
decisiom error sumin response to a clear gjgnal; N deci sion error
regi sters each for storing said decision error sumfromthe corresponding
one of said decision error adding neans every tine a sanpling signal is
suppl i ed; M sanpl.ing phase registers for storing a sanpling phase
signal for each ofteshniueifawnebsputing the saygAphgrghameansThoCRyerllating

symbol rate denpdul ated data by sanpling said definition data in a phase
i ndi cated by sai d “€PBEKCET GIFELSIQRIFTRFS 2Pt ng- ph%ﬂa IEPPnES SIUERE a

channe purber ) GRSk IRSUORNENY o o MAlecROERSS OB
for each of said ehaanet SedeplioREhdObnSai dbrNadgCTHORNGAROL (tA0hSt BES,
5 is the Mth channel) (step 1l1). The CPU 201 further reads
out ﬁhe contents of the decision error storing memories 205
corresponding to these decision errors esl, .=., esN (M-1,
eesy M-N if it is the Mth channel), computes the weighted
average deciéion errors yggl,...., wesN by Equation (1),

10 and stores these weighted average decision erro;s-yggl,
‘.., wesN into the decision error storing memories 205
'(M-l, evey MmN} (step 12). The CPU 201 then computes the
sampling phase signal 'si (sM if it is the Mth channel)
corresponding to the smallest value of the weighfed average

15 decision errors gggi, ..., wesN (step 13). Finally, the
CPU 201 stores the computed sampling phase signal si into
the sampling phase register 114-j (114-M if it is the Mth
channel) (step 14). This flow of sampling phase computation
is repeated for each channel of the TDMA signals.

20 Referring now to FIG. 6, a signal selector 253 of this
signal sampling circuit 111 selects one of the M sampling
phase signals él, ..., S8M as designated by the channel
number indicating signal ch. Since the first through Mth
channels are used in repeated cycles for the TDMA signals,

25 the signal selector 253, every time the channel number

indicating signal ch is entered, selects the sampling

laced
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sanpl i ng phase conputing neans responsive to each of these decision error
suhs for -cenputing said sanpling phase signal for each channel by a
prescribed conmputing technique, and storing nmeans for storing each of said
sanpl i ng phase signals into one or anot her of said M sanpling phase

regi steéers. - 18 -
According to yet another aspect of the inveﬁ?ion there is disclosed a data
denodul at or provi ded wth: phase detection neans, receiving a

recei ve signal having undergone [err]/4-shift quadrature

phase-shi ft - keyi nghg$ersigntiQeIKForf he ded:actdhaginehe (pipsesed tRive Heaei ve

signal Dby conparing the phase of said receive signal and that of a

ref erence signal 9$@Enﬁlﬁrﬁﬂ*l@wayg|30@wbstﬁun|Eﬁnsysaqpaingcphédd<srgnal

positive integer) tipes the center frequency of

8] is used as the control signal for another signal
selector_252. The signal selector 252 selects one of

5 N clock 51gnals clk (cl, ..., cN), ci in this case,
according to the phase number i indicated by the sampling
phase signa1'§i. A sampling circuit 251 samples the
decision data dl with the phase of the clock signal ci
selected as the optimal sampling phase, and genérages

10 demodulatgd data 42 of the symbol rate.

) As described above, the data demodulator, which is
the preferred embodiment illustrated in FIG. l,.readily
perﬁits large scale integration and dispenses with
adjustment because it wholly consists of digital circuits.

15 As it optlmlzes the symbol synchronlsm phase for every
channel of TDMA signals, demodulated data d2 with the
least error rate can be obtained for each channel.
.Furthermore this data demodulator, which flexibly various
the techniqué to set the sampling phase signal _s_g._ for the

20 decision data dl aqdarding to the contents of receive
signals r, can achieve quick symbol synchronizafion at
the time of starting the reception of burst signals and,
at the same time, realize the reproduction of data with
less errors in'consecuti§e reception on the samé TDMA

25 channel even.if the the receive signals r are accompanied
by much noise.
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sai d receive signal, and sanpling the phase of said receive signal, which
has been .detected, to give a phase signal in a parallel signal formevery
time a clock signal, resulting fromthe division of the symbol period of
said receive signal into N(Nis a positive integer) phases, is suppli ed;
del ay neans for generating a del ayed phase signal by giving said phase
signal a delay equal in length to said synb8l-period:; phase

di fference detecti.on means for generating.a phase difference signal by
subtracting sai d del ayed phase signal fromsaid phase signal; and

deci si on nmeans responsipie Sal S I ffer [ QL. _genperating -
deci sion data, which %g?ﬁgn?is]ﬁ?‘“?qgf %tI%é ghaégéﬁ%%i%@r?u&%tggi E%H%sﬁ ced
di fference signal .ink@igi 8rawing, whichdid hRGERE i khbNaehenpel (M
is a positive integer) tinme division nulti- access (TDVA) signals,

further provided wift lthe present inwvenmgosi Jhfke Oerciid RhowMaia, FI€celyi ng a
frame signal notifying the TDMA franme swi tching of said receive signal

for generating sail@cérger rhagrldedesthrobPketbmindreiving a receive signal

5 £ havi'ng undergone = /4 QPSK modulation from an input
terminal 100, delay circuit 102, phase difference detector
103, decision circuit 104, reference signal generator 105
for generéting a reference signal fr, and timing signal
generator 106. This data demodulator further includes
10 . subtraction circuit 121 arranged between the phase
difference detector 103 and the decision circuit 104,
and signal processor 107B, which is substantially simlla:
to its countérpart in the embodiment shown in FIG. 1. The
signal processor 107B, though having the same constituent
15 elements as the signal processor 107A, is different in the
way it processes signals as will be described below.
If the center frequency of the receive signal r
differs from 1/K of the reference signal fr (i.e. if
the receivg_signal r has a "frequency drift"), a phase
20‘ differenc; signal p3 will have a D.C. offset. If this
'ﬁhase difference signal p3 havingla D.C. offset is
directly éupplied to the decision éircuit 104, the
decision circuit 104 will generate decision data dl
with many errors due to the D.C. offset. To eliminate
25 this disadvant;ge, the subtraction circuit 121 subtracts

from the phase.difference signal p3 a correction value gz
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this franme signal, a sanpling signal prepared i mediately before the end of
reception of sald TDVA frane, a clear signal prepared between the
preparation of said sampling signal and the reception of said frame
signal, and a channel nunber indicating signal prepared upon reception of
sai d ffane si gnal ; ' ~decision error squaring neans for generating
the square of a decision error by squarimn@®%te difference between the
phase of said phase difference between the phase of said phase difference
signal and the deC|S|on phase of said deC|S|on dat a; '

- 10- 'H > 2rghhdhe efrors tﬁé%{%ﬁ%o ek, ea%' a'¢ g?gc%é@‘ of

t he squar es of Sal ecl s1Iron di ng quare o1 sal ecCl S1 on

error every tinme sipidd @lieekreh8dadiffa Etgp%lea&éssgﬁne&wq; hagersersapp! i ed
and for clearing the sumof the squares said

to the frequency drift. This corrected phase difference
signél p4 is supplied to the decision circuit 104, which
5 generates decision data dl whose data errors due to said
frequency.drift have been reduced.
Referring to FIG. 8 together, decision error detector
122 genérates a decision error eb in response to the
corrected phase difference signal p4 and the decision
10 data dl. -Thus, the decision phases corresponding to the
decision data 41 (1, 1), (1, 0), (0, O0) and (0, 1) are
~3%/4 , -®m/4, #/4 and 37/4 radians, respectively.
Referring further to FIG. 9 together, decision error
adding means 124 generates a decision error sum ebl by
15. adding a deéision error eb every time a clock signal clk
N times the symbol rate, i.e. having N phaseé, is entered,
and clears'the dgcision error sum ebl at a timing before
the start of reception on each TDMA channel (time t2 for
channel "1" and time t6 for channel "2") in response to
20 a clear signal clr. The period duringfwhich the decision
error signals eb are added iS-dne_TDMA frame period :
{period Eg).;;Where clock signals clk in correct symbol
synchronism with the re¢eive_signals r are obtained, the
decision error.adder 124 can maintain an adequate level
25 of frequency drift estimating accuracy even if the decision
errors eb are added with clock signals clk of a period

equal to the symbol period (i.e. N = 1).

—
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decision errors in response to said clear signal; N deci si on
error registers each for storing said decision error sumfromthe
correspondi ng one of said decision error adding nmeans every tine a sanpling

si.gnal is - supplied; - M sanpl i ng phase registers for storing
sanpl i-ng phase signals for each of said g?nnels sanpl i ng nmeans
for generating synbol rate denodul ated dat&4~by sanpling said decision data

in a phase indicated by said clock signal, said Msanpling phase signals,
and sai d channel nunber indicating signal; and si gnal processing

means further conprisiRg &Gk SRS kR L8RTERY {Hesipnieh £Bea 88URE S5 Of
said decision errors fromeach of said N deTision error registers at the

generation tim ngr@brsaedisasplizg, shdeal sanpled i thagleedchonf esnor sanpl i ng
phase signals into said sanpling phase register of the corresponding
channel , and congdilj a§ bhantimings odndi agmphinofsidnalpigeds (bimeaidl cl ock
signal, corresponding_to the smallest value of the squares of said

deci sion errors &ROn§2! nedd stHRPIJest hBesgampird FeclfiongeEroF ofBreke s,

5 to the signal processor 107B.
The signal processor 107B computes frequency drift

correction values prl, ..., prM for each TDMA channel
of the receive signals r as will be described below in
response toia decision error sum es3 that has been read

10 out and to.receive.informatibn inf, and writes these
correction values prl, ..., prM into respectively
corresponding correction data registers 125-1, ..., 125-M.
A signal selector 123 selects the correction data register
125-j of the jth channel indicated by a channel number

15 indicating signal ch, and supplies the subtraction circuit
121 with the correction value prj stored in the correction
data register 125-j as the correction value pr. Thus,
referring to FIG. 9, the signal selector 123 supplies the
‘subtraction circuit 121 with the correction value pr = prM

20 at the timing of the reception of eignals on channel M
(until time t2), and with the correction value pr = prl
at the timing;of the reception of signals on channel "1"
(from time t2 through time t5). Since the switching of
the correction value pr by the signal selector i23 can be

25 accomplished instantaneously, this data demodulator can

immediately correct any frequency drift even at the timix
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whi ch have been read out, to said |I/O neans as sai d sanpling phase signal.
Aceordiing te yet another aspect of the invention there is disclosed a data
denodul at or provided with: phase detection neans, receiving a
recei ve signal having undergone [err]/4-shift quadrature
phase-shift-keying ([err]/4 QPSK), for detecting the phase of said receive

signal * by conparing the phase of said regeé¥g_signal and that of a ,
ref erence signal whose frequency is substantially equal to K (Kis a
positive integer) :tinmes the center frequency of said receive signal, and
sanpling the phase of said.receive signal, which has been "detected, to
give a phase signaf switchiiglthel chaghnal for reueine tsigRadsckogkf sy |
-11- resulting fromthe division of the synbol period of said receive
signal into N (N in frequency drift from one TDMA channel to another.
This quick switching of the correction value pr is
especially useful for a data demodulator which requires
5 -switching'of the correction value pr in a matter of tens
of microseconds as in a digital cellular telecommunication
system according to the above-cited RCS STD-27A (the bit
rate is 42'ibps, M= 3).
Next will be déscribed the first technique for
10 computihg‘ﬁhe correction value, suitable for prompt
‘setting of the correction values prl, ..., prM at the
time of, for instance, starting the reception of burst
signals £..
The signal processor 107B reads out, every time the
15 decision error register 126 samples the decision error
sum eb2, this decision error sum eb2, and computes the
average EEi of the decision errors eb on this channel
(supposed to be the jth channel) in every fixed period,
which is ohe frame period Tf of TDMA signals here. Whers
20 one frame period Tf consists of H symbols; the decision
‘error eb is:added N x H times, and the average prj is
represented by Equation (2). The signal processor 107B
has, in its.data RAM 204, M decision error storing memories
205, in whiéh the décision error sums eb2 are stored on

25 a channel-by-channel basis.

_E_Ij=e_bZ_/(N-H) PO (2)
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positi-ve integer) phases, is supplied, del ay neans for generating
a del ayed .phase signal by giving said phase signal a delay equal to said
synbol_peri od; phase difference detection neans for generating a
phase differéence signal by subtracting said delayed phase signal fromsaid
phase signpal; and deci si on neans respansive to said phase
di fference signal for generating decision~ @d8ta, which is the result of the
phase decision of said phase difference signal, wherein: ~ said
receive signals are Mchannel (Mis a positive integer) time division
multi- access (TDVA) ghdngl$ye rj,.whié%uﬁghgﬁep£534é§§13¥ %ﬁ#ision
timng signal generating neans, Teceiving a frame sig not I Tying the TDVA
frame switching oferseird EBCEhVensd ,chfaﬁheQ?Uﬁéﬁééé%t%a'tﬁ‘xerQg‘f Skgoal
synchroni zed with this frane signal, a sanpling signal prepare
i medi at el y bef or @urh¢iepdobfthieqipideodigferantd Jiddal e, 1€l €ALsSi gnal _
prepared between the preparation of said sanpling signal — and the reception
of said frame sig@¥Pragadpal chairmidiaimedben,i for cinstanas githe Mtk pehathalpon
reception of §@id Lrane si ghal ; '

the correction value prM currently set for the Mth channel .

will be deviating from the proper correction value by the

average prj. Therefore, the signal processor 107B adds

this average prj to the correction value prM stored in

the correction data register 125-M for the M-th channel

10 as indicated by Formula (3), and writes the sum of this .
addition into the correction data register 125-M as a
new correction value prM.

PrM < PrM + eb2/(N . H) eee  (3)

If this new correction value prM is a sufficiently
15  corrected value, the corrected phase difference signal p4
on the Mth TDMA channel will thereafter have no D.C. offset,
and the Mth channel will be cleared of the impact of the
frequency drift.
Next will be described the second technique for
20 computing the éorrection val&e, suitable for correcting
frequency drifts of TDMA signals from the same communication
partner station (on the same channel)..
Center frequency fluctuations of receive signals r
being consecutively received.én the same TDMA channel are
25 in many cases likely to be'extremely small between adjoining

bursts. In such a case, if the correction value pPr is
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deci si-on error squaring nmeans for generating the square of a decision error
by* squaring the difference signal and the decision phase of said decision
dat a; N deci sion error addi ng neans each for generating the sum of
t he squares of said " decision errors by adding the square of said decision
error every time said clock signal of the corresponding phase is supplied
and for clearing the sumof the squares of 34id decision errors in response-
to said clear signal; N deci sion error registers each for storing
sai d decision error sumfromthe corresponding one of said decision error
adding means ever (iR @:SRP!1A0.3400Akn L ey WPRIdELcrion 1nsylhgogp! 1 N0
phase registers for storing sanpling prhiase S|%na s Tor each oOr-sa

channel s; finding out a totally new frequency drift correcifon value .

sanpling means for generating synbol rate denbdul ated data by sanpling said
pr for each burst, the detected fluctuation quantity of
frequengy'drifts in the presence of much noise accompanying
5 receive signals r is likely to be reduced. Therefore,
according to this correction value computing technique,
the correction value pr ié computed with weighting by a

weighting coefficient v as indicated by Formula (4).

prM < prM + (eb2 /(N-H)) « ¥

10 = prM + eb2 - vl cee (4)
Where 0 = weighting coefficient v =1, vl = v/(N - H).
According to the second correction value computing
technique, the greater the value of the weighting
coefficient v, the shorter the period of frequency drift
15 correction. Therefore, immediately after the start of
receiving burst signals r, the value of the weight
coefficient v is set greater, and it is reduced to a
smaller value after the completion of frequency drift
correction, when the correction wvalue prM becomes smaller
20 tha:n a prescribed level, to restrain the fluctuations of
the correcﬁion value prM due to receiver noise. 1In
particular,.bf setting the weighfing coefficient to.l
at the time of receiving the first burst signal r (the
.same as by the first correctién value computin§ technique),
25 the frequency drift can be immediately corrected. To

judge whether or not any receive signal r is being
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decisjon data in a phase indicated by said clock signal, said M sanpling
phase signals, and sai d channel nunber indicating signal; and

signal processing neans further conprising input neans for reading the sum
of the squares of said decision errors fromeach of said N decision error
regi sters at the generation timng of said sanpling signal and receiving
receive information indicating the receptién~state of said receive signal
output means for witing each of said sanpling phase signals into said
sanpl i ng phase reglster for the correspondi ng channel; weighted average

deci si on efror COEULLAG TERDS Lo T mgtﬂsgg%%gv@kﬁ%a@%;ﬂ?ﬁ&ﬁé@”

errors resulti ng wel g aver aglng o uns o e squar es

of said decision m%r %garahtshtﬁ@\ﬁx@%e?r@@aéreatqgmmn%tt be drguns of
the squares of said decision errors .in.the preceding adding period with a

wei ghti ng coeffi aanbecasedspdrali dordiaydtbeehe Vieecd e rififoraat i dinf
conputing neans for sending one of the phases of said clock signal,
correspondi ng to supplded| Feen the wendrolhendntoothe wigmale pghredsew ek Gt
decision errors .to said output neans as sai d sanpling phase_ signal. .
According to et %@ﬁé?a%}becﬁlw tite ilanEﬁFFbﬁa?h%rfé’ iletgithel g%@élmat’d%ﬁ a

error memories 205 to be cleared by any instantaneous
interruption of the redeive signal E; the signal proceésor
107B requires protecting means to brevent the decision
error memories 205 from being cleared and the correction

10 value pr from varying abruptly in time of instantaneous
ipterruption of the.recgive signal r.

Referring to FIG. 10 together, the flow chart of this
figure shows the second technique for correction value
computation. The signal processor 107B reads out the

15 decision error sum eb2 from the decision error register
126 ;t tl, the ending time of TDMA signals on the Mth
channel (step 21). The signal processor 107B than reads
the Mth channel correction value prM corresponding to the
decision error eb2 from the correction data register 125-M,

20 and computes a new correction value prM by Formula (4),
using the read-out correction value prM, the decision
error sum ggg énd the weighting coefficient v (or V1)
which has been prepared in rgsponse-to_the receive
information inf and varies over timé (step 22). Finally,

25 the signal processor 1l07B stores the new correction value

prM into the correction data register 125-M (step 23).
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denodul at or provided wth: phase detection neans, for detecting
the phase of a receive signal of an M channel (Mis a positive integer)
time division nmulti-access (TDMA) fornula having undergone differenti al
phase-shi ft-keyi ng (DPSK) by conparing the phase of said receive signa
and that of a reference signal whose frequency is substantially equal to K
(Kis a "positive integer) tinmes the cent-er2éf mequency of said receive
signal, and sanpling the phase of said receive signal, and sanpling the
phase of said receive signal, which has been detected, to give a phase

signal in a parallel signal formevery time a clock 5|gnal resulting from
t he division of tTke s@ﬂfﬁ‘fbldeﬁé"mbﬁdwo fan isedePpetefgial theeaentions a
positive integer) ghases del ay neans for generating

up
a del ayed phase sY ﬁgﬁubf¥§P9iﬁgg§a?%Fﬁﬂuﬁ5§n§F&n a delay equal in length

to said symbol per'CKLSane the data demodulator illustrated in FIG. 7,
| which is'another preferred embodiment of the present
5 invention, wholly consists of digital circuits as stated
above, it feadily_permits large scale.integration and
dispenses with adjustment. As any frequency drift is
corrected instantaneously on every TDMA channel,
demodulated data d2 with the least error rate can be
10 obtained for every channel. Furthermore, the time
constant for.this frequency drift correction can be
flexibly varied according to the reception state of
receive signéls r, so that frequency drift correction
can be accomplished promptly at the time of starting the
‘15 reception of burst signals r and with high resistance to
noise during.consecutive reception.

As hitherto described, data demodulators according
to the invention readily permit large scale iﬁtegration
and dispense with adjustment because all their circuits

20 including symbol éynchronization circuits or frequency
drift correcting circuits are digitized. Since these
data demodulators flexibly vary the setting of the phase
adjustment parameter for symbol synthronism and the
correction parameter for frequency drift correction with

25 the signal processor 1072 and 107B and by a plurality of

computing techniques including the varying of the weighting
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-13- . phase difference detection neans for generating a phase
di fference signal by subtracting said del ayed phase signal from said phase

signal; and deci si on nmeans responsive to said phase difference
signal for generating decision data, which is the result of the phase
deci sion of said phase:difference signal, further provided wth:

subtracting means, inserted between said"pﬁésé di fference detection neans
and said decision neans, for subtracting froma phase difference signal
generated by said phase difference detecting neans a correction value for

correcting the DiGes@hfseht®fy s v Bhaser fhd f £ ERNEIS) BPkneaRdcSHPRbYI N

the corrected phase difference sigmal to said decision neans;-

decision error detagti 6f ré@ddivd @3@NAIEVE, t OhdpehNashaddichbernesseistnal
fromsaid subtracting means and to sai d decision data for detecting the

difference betweerd bhénghaiske mft oalg pbaseomptirragicieve gaad apubohe
deci si on phase of said decision data; ' :
synchronization and correct any frequency drift into a
5 normal reception state on every TDMA channel but also
to reproduce demodulated data in a normal reception state
with a loﬁ error rate even in the presence of much noise.
Although the invention has been described with
reference to specific embodiments, this description is
10 not meant to be construed in a limiting sense. Various
modifications.of the disclosed embodiments, as well as
other embodiments of the invention, will become apparent
to persons-skilled in the art upon reference to the
description of the invehtion. It is therefore contemplated
15 that the appended claims will cover any such modifications

or embodiments as fall within the true scope of the

invention.

—_—

———— .
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deci si.on error adding means for generating the sumof said decision errors
by- addi ng said decision errors in the period of the supply of channel
nunber indicating signals every tine said clock signal is supplied and for
clearing the-sumof said decision errors in response to a clear signal

a decision error register for sanpling the sum of said-deei-sion.errors at

the timhg of a sanpling signal which is-s@gptied, ‘a oring said -

deci sion error sum M correction registers fﬁmﬁm u,i”MH
correction value for each corresponding TDMA channel c o8\ lu

si gnal s; w%a%ekgcggr.fqi sel ecting said correction val ue from one
of said Mcorrection Tfegi ?%W% a< % ndi cat ed by a channel nunber indicating
signal; and si gnal processing neans further conprising reading
means for reading said decision error sumout of said decision error

register, conputing nmeangaf£spasawiatbe bbsvid&adsQuf. decision error sum
for conputing said correction value for each of said TDMA channels, and

correction val ue storipbaseatstdariont aehng £6E Sk titiogt kB8 pRhYESof NE O
said correction registers for the respectively correspondi ng channel s.
receive_signal having undergone differential phase-shift-
keying (DPSK) by comparing the phase of said receive
5 signal and that of a reference signal whose frequency is
substantially equal to K (K is a pdsitive integer) times
the center frequency of said receive signal, and sampling
the phase of said receive signal, which has been detected,
to give a phase signal in a parallel signal form every
10 time a clock signal, resulting from the division of the
symbol period of said receive signal into N (N is a
positive integer) phases, is supplied:
delay means for generatiﬁg.a delayed phase signal by
giving éaid phase signal a delay equal in length to said
15 symbol period;

“ phase-difference detection means for generating a
phase difference signal by subtracting said delayed phase
signal from said phase ;ignal; and

decision means responsive to said phase difference
20 signal for'genérating decision data, which is the result
of the phase decision of said phase difference signal,
further provided with:

decision error computing means responsive to said

phase difference signal and said decision data for

——————
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-14- - According to yet another aspect of the invention there is
di scl osed a-data denodul ator provided wth: phase detection
neans, receiving a receive signal of an M channel: (M is a positive—

| nteger) time division nulti-access (TDVA) formul a”ml

[efr]/4-shift quadrature phase-shift-keyi n ([err] lmm“mmmmm[ ecting
the phase of said receive signal by conpari ng t he ﬂhaﬁe bf waisd r~ecei ve
signal and that of a reference. signal whose frequency is substantially

equal to K (K Is a positive integer) times the center frequency of said

. ! Ceai
receive signgd & mmg diegfsfg}?%%r%r o @héeﬁ%i’ 2T a1 %belnpas.

been detect ed phase sign I'n a paral formevery tine
a clock signal, pAasideh Ref pRAZL r datiasibBRsaf al heeSamdols Rea10dnaf trai d

receive signal into N(Nis a
decision phase of said decision data;

N decision error adding means each for generating

a decision error sum by adding said decision error every
30 time said clock signal is supplied and for clearing said
decision error sum in response to a clear signal;

N decision error registers each for storing said
decision error sum from the corresponding one of said
decision error adding means every ﬁime a sampiing signal

35 is supplied;

a sampling phése register for storing sampling phase
signals;

sampling means for generating symbol rate demodulated
data by sémpling said decision data in a phase indicated

40 by said clock signal and said sampling phase signal; and

signal processing means further eomprising reading

means for reading out said decision error sum from each
of said N decision error registers, sampling phase
computing me;ns responsive to each of these decision

45 error sums for computing said sampling phase signal by
a prescribed'cemputing technique, -and storing means for
storing said saﬁpling phase signal into said sampling

phase register.

2. A data demodulator, as claimed in Claim 1, wherein

is Sheet Has Been Rep! laoed




positive integer) phases, is supplied; del ay means for generating
a del ayed phase signal by giving said phase signal a delay equal in length
to said synbol period; phase difference detection—reans for

generating a phase difference signal by subtracting ed phase’
signal from said phase signal; and deci si on m m&m

sai d phase difference signal for generati ng 3ee sion ’MHW
result of the phase decision of said phase difference S|gnal

further provided wth: - timng signal generating means, receiving a
frame signal notifyi%f the TDMA channel switching of said recejve signal,
for generating sai%P (iﬂ€e§W§n§F9§?hc?ﬁ%nﬂ%ﬂﬁfngﬁtﬁ/ﬁﬁ?glf?zﬂﬂ?4ﬁ5§ﬁﬁﬁ a
sanpl i ng signal prepared |r iately the end of reception on said
TDMA channel, a cl®&5%iS g?gb%?e&‘ i the preparation of said
sanpling signal and the receptlon of said frame signal, and a channel
nunber indicating signal prepared upon reception of said frane signal;
sugt racting means,3j nsey isadababneei $8d:, F?i?sa%@a(ilnfa&eiﬁf@ﬂaﬂ\etleckdheﬂeﬂﬁans
an

sa1d decision error computing means is decision error
squaring means for generating said decision error by
squaring the difference between the phase of said phase

5 difference signal and the decision phase of said decision

data.

4, A data demodulator, as claimed in Claim 1, wherein
said decision error computing means is absolute value
computing means for generating said decision error by
computing.the absolute value.of the difference between

5 the phase of said phase difference signal and the decision

phase of said decision data.

5. A data demodulator, as claimed in Claim 1, further

provided with timing signal generating means for generating

said clock signal, said sampling signal and said clear

signal.

6. A data demodulator, as claimed in Claim 1, wherein

said signal processing means is provided with:-
input/output (I/0) means for reading said decision

error sum from each of said N decision error registers iz

“ﬁli*iiﬂ‘fiiiiﬁﬂi“umu



sai d eeci sion nmeans, for subtracting froma phase difference signal
gener ated, by said phase di fference detecting neans a cmrectlon val ue for

correctlngthe D.C. offset of thlsOI I ]

-15 -~ phase difference signal, and supplying the corre Jﬂﬂl m

di fference signal to said decision neans; 1 - dec.:,t ﬁ im”m””",
detection neans responsive to the phase di f% erence signal® frfomtsatd s
subtracting neans.and to said decision data for detecting the difference
bet ween the phase of said phase difference signal and the decision phase
of said decisbon @aprescribed perdedi sndneiryion adddngamphitsg fgha@engigakilng
the sum of said decision errors by adding said decision error in the

period of the supphto ofaishisamphingephanetmyiistdireanndg signals every tine

said clock signal is supplied and for clearing the sum of said decision
computing means responsive to said N decision error

sums, which have been read out, for sending one of the
phases of said clock signal to said I/0 means as said

10 sampling phase signal.

7. A data'demodulator, as claimed in Claim 6, wherein
said cbmputing means sends said clock signal phase
corresponding to the smallest value of said decision .

error sum as said sampling phase signal.

8. A daﬁa.demodulator, as claimed in Claim 7, wherein
said I/0 means further receives receive information
indicating the.reception state of said receive signal,
and |

5 said computing means further is responsive to said
receive information for correcting said decision error
sums with a weighting coefficient corresponding to said
receive information, and sending said clock signal phase
indicating the smallest value of these corrected decision

10 error sums as ﬁaid.sampling phase signal.

9. A data demodulator, as claimed in Claim 8, wherein
said corrected decision error sum is the weighted average
of said decision error sum for the preceding adding period

and of a newly added sum of said decision errors.
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errors in response to said clear signal; a decision error register
for sanpling the sumof said decision errors every tine-—sakd saﬁﬁ++ﬂg—~-
signal s supplied and storing said decision error sum

rection
registers for storing said correction value for' each co’“ﬁ Bu " !EE“
channel of said receive signals; a selector fo
correction value fromone of said M correttidom reglsters as |nd|cated by

sai d channel nunber indicating signal; and "~ signal processing neans
further conprising reading means for reading said decision error sum out

of said decision e§10ra 1£AISE-hoalPURML | Nk THANSECIABELYE §0 diltein

read-out decision error sumfor conputihg the average o e suns of said

deci sion errors g@l@agﬁgﬁhggemggﬁgCEb risdsd TDMA signal s and adding said
average to said corrected.- value stored in said correction register of the

correspondi ng TDVA chanrfErstosgleeter nemtralledcbiyoa ¥hdnmel andnbear rection
val ue storing neans for storing these correction values into said
correction regist%@@#¢aﬂinwhéigesbetwis&ﬂ%ptxmneegéoﬁdidgscmsﬁﬁngfphase
According to get anot her aspect of the invention there is disclosed a data
signals;
a second selectdr controlled by said sampling phase
signal from said first selector to select one of said
N-phase clock signals, and
a sampling circuit for generating said symbol rate
10 demodulated data by sampling said decision data with thef*

clock signal selected by said second selector.

1l1. A data demodulator provided with:
phase detection means, receiving a receive signal

‘having undergohe”w74QPSK, for detecting the phase of

said receive signal by comparing the phase of said receive
5 signal and that of é reférence signal whose frequency is

substantially equal to K (K is a positive integer) times

the cente:'frequency of said receive signal, and sampling

the phase of said receive.signal; which has Leen Cetected,

to give a phase signal in a parallel signal form every

the

th

10 time a cloék-signal, resulting ffom the division o}
symbol period of said receive signal into N (N is a
positive intéger) phases, is supplied;

delay'méans for generating a delayed phase signal by
giving said phase signal a delay equal in length to said

15 symbol perlod
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denodul at or provided wth: - phase detection nmeans, receiving a
receive signal for detecting the phase of a receive s%gﬁa¥vof an M channel

(Mis a-positive integer) tine division multi-access li“lfornula havi ng

undergone [err]/4-shift quadrature phase-shift-keying ( ﬂ Hﬂ "ﬂl "Hy

conparing the phase of said receive S|gnal and that of
whose 33 - -16 - frequency

is substantially equal to K(Kis a positive integer) tinmes the center
frequency of said receive signal and sanpling the phase of said receive

:: gnal , which has bee ée& fgpéﬁeto %Fg ?ghase Si glen a parall el
gnal form every t| cIo O “PESEFtPRG™FH b Qﬁe APYREIRA BDf the
synmbol period of ppakd &ff@éf’&lc% %‘r}.%lnalln%? yu}gi:\l:éétfngo%salld gl'a{r]éggpeha)se
signai from said phase signal; and
decision means responsive to said phase difference

20 signal for generating decision data, which is the result
of the phase decision of said phase difference signal,
further provided with:

timihg éignal generating means for generating a
sampling signal, a clear signal and said clock Signal;

25 decision error squaring means for-generating the
Square of a definition erxor by squaring the difference
between the éhase of said phase difference signal and
the decision phase of said decision data;

N decision error adding means each for generating

30 the sum of the squares of decision errors 5y adding the’
square of said decision error every time said clock signal
of the corresponding phase is supplied and for clearing
the sum of the squares of said decision errors in response
to said clear signal; .

35 N decision error registers e;ch for storing said
decision errér’sum from the corresponding one of said
decision error:adding means every time a sampling signal
is supplied;

a sampiing phase register for storing sampling phase

40 signals;

sampling means for generating symbol rate demodulated

N



phases, is supplied; | del ay neans for generating a del ayed phase
si gnal by gi-ving said phase signal a delay equal to-length to said synbo
period; ° phase difference detection neans foruﬂenerating a phase

difference signal by subtracting said del ayed phasel mmumuﬂmﬂﬁm phase
ce

si gnal ; and deci si on neans responsive to sall8
signal for generating decision data, whi€lB4 s the _resul% of t"he Sphise

deci sion of -said phase difference signal: further provided with:
timng signal genérati ng means, receiving a frame signal notifying the TDVA
channel switching.,of said receive S|gn§el,, for generati ngB$a| d clpck 5|dgnal

synchroni zed wi t Rt Y f l§ﬁgﬁ3#. ?&ﬁﬁﬂq. & JRaf BRRYRAr 1cate.
| medi ately bef Or?}ﬁt&eide%%% rs‘i%ggi' £ égids@aﬁgzgg@g%féﬁ%h%fqrﬁile;a%nﬁ' gnal

prepared between e preparati on said sanpli _ _ e ‘reception
of said frame signal, angdha ‘bll}aeagéiﬂé'W%@inéb'}%'r‘%ﬁkk”E!oﬁbB{‘@ing P¥ RP3ead supon

reception of said frane signal; subtracting neans, inserted
bet ween sai d4phaseosli fdaTieRCehdebatt bHNEHE Fmar@d of -said decision
errors from.eaéh of said N decision error registers in a
prescribed périod and writing said sampling phase siénal
into said sampling phase registef, and computing means
for sending one 6f the phases of said clock signal,
50 corresponding to the smallest value of the squares of
said deciéion errors among the N sums of the squares of

said decision errors, which have been read out, to said

I/0 means as said sampling phase signal.

12. A data demodulator provided with:
phasé_detegtion means, receiving a receive signal

having undergone n/4QPSK, for detecting the phése of
said receive signal by comparing the phase of said

5 receive signal and that of a reference signal whose
frequency is substantially equal to K (K is a positive
integer) times the center frequency of said receive
signal, and sampling the phase of said recéive signal,
which has been detected, to give a phase signal in a

10 parallel signal form every time a ciock signal, resulting

from the division of the symbol period of said receive
signal int§ N (N is a positive integer) phases, is

supplied;

This Sheet Has Been Reﬁlaced
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sai d- deci si on neans, for subtracting from phase difference signal generated
by -sai d- phase dlfference detecting nmeans a correction value for correcting

the D.C. offset of this phase difference signal, and Supplying the

corrected phase difference signal to said decision \ _

deci si on error detection neans responsive_ té]%the phaHmu |I|H|IIHM|HmnaI

fromsaid subtracting means and to sai d decl sion da or wetrectti ny t he

di fference between the phase of said phase difference signal and the

deci si on phase of said decision data; deci sion error addi ng neans

for generating the suragifaysfledndeebsi ¥h&dtiny RY deddgeadphaddl dlemigi BR
error in the period of the supply of said channel nunber indicating

-17 - signalsis gieing tdaid phadecsbghakiarbdlays egquppl indlemgtd dro claddri ng

t he sum of said decision

- symbol period;
phase difference detection means for generating a
phase difference signal by subtracting said delayed phase
signal from said phase signal; and

-20 decision means responsive to said phase difference
signal for generating decision data, which is the result
of the phase decision of said phase difference signal,
further provided with:

7 timing signal generating means for generating a
25 sampling signal, a clear signal and said clock signal;
decision error squaring means for generating the
square of a decision error by squaring the difference
between the phase of said phase difference signal and
the decision phase of said decision data;

30 N decision error adding means each for generating
the sum of the squares of said decision errors by adding
the square of said decision error every time said clock
signal of the corresponding phase is supplied and for
clearing the sum of the squares of said decision errors

35 in response to said clear signal;

N decision error registers each for storing said
decision etror sum from the corresponding one of said
decision error adding means every time a sampling signal

is supplied;

" This Sheet Has Been Re ﬂ
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errors. in response to said clear signal; a decision error register
for. sanpling the sum of said decision errors every tine said sanpling

signals sdpplied and storing said decision error sun——-——- M-CoOFrection
regi sters for storing said correction value for each,, di-n TDIVA
channel . of said receive signals; : a select orlifﬁlbﬁgﬁ Hu %MI d
correction value fromone of said M correcti3én- regi d by
sai d channel nunber indicating signal; and si gnal processing neans

further conprising reading neans for reading said decision error sum out

of said decisign error register and receiVvi recei ve informti.qn

i ndi cating th&Yrecepti éh s%f“ﬁﬁéngfpg%ﬁed rreé’t}eslq%é Pﬁnﬁ?%?l%%r%alﬂqH§gw€gﬁ§ef or
correcting the ayv, Sﬁgiéﬁ the suns of said decision errors read out in
each frame period of°said TDMA signals with a weighting coefficient
corresponding to sai d rRe@1¥agl féohsBtdOyedRdatddyNGymbdil e @O asadd

correcti-on value stored in said correction register of the correspondi ng
TDVA channel to gideeta byewampilingt said \Geaisioandatariecd iphasealimdistdedng
means for storing these correction values into said correction registers
for the respectivébxrsaid clock signal and said sampling phase signal; and

45 signal processing means further comprising input
means for reading the sum of the.squares of said decision
errors from each.of said N decision error registers in a
prescribed period and receiving receive information
indicating the reception state of said receive signal;

50 output means for writing said sampling phase signal into
said sampling phase register; weighted average decision
error computing means for computing weighted average
decision errors resulting from the weighted averaging
of the N sums of the squares of said decision errors,

55 which have been read out, and of the N sums.of the squares
of-said decision errors in the preceding adding period;
and computing means for sending one of the phases of said
clock signal, corresponding to the smallest value of the

sums of these weighted average decision errors to said

60 output means as said sampling phase signal.

13. A data demodulator provided with:
phase detection means, for detecting the phase of a
receive signal having undergone differential phase-shift-

keying (DPSK) by comparing the phase of said receive

it



correspondi ng channel s.: - 18 -
BRI-EF DESCRIL.PTI ON OF THE DRAW NGS The above- nenti-oned—and—ether—-

objects, features and advantages of the present invention wl]| H 6 @
I tlon

apparent fromthe follow ng detail ed description when I!Iﬂ'ﬂ I
wi th the acconpanying drawi ngs, wherein: 37 FIG 1

of a preferred enbodi nent

5 signal and that of a reference signal whose frequency is
substantially equal to K (X is a posiﬁive integer) times
the center.frequency of said receive signal, and sampling
the phase of said receive signal, which has been detected,
to give a phase siénal in a parallel signal form every

10 time a clock signal, resulting from the division of the
symbol period of said receive signal into N (N is a
positive integer) phases, is suppliéa;

‘delay means.for genérating a delayed phase signal
by delaying said phase signal by one symbol;

15 phase difference detection means for. generating a
phase difference signal by subtracting said delayed phase
signal from said phase signal; and

decision means responsive to said phase difference
signal for generating decision data, which is the result

20 of the phase decision of said phase difference signal,
wherein;:

said receive signals are M—-channel (M is a positive
integer) TDMA signals,
further provided with:.

25 decision error computing means responsive to said
phase différenée signal and said decision data for
computing a decision efror on the basis of the difference
between the phase of said phase difference signal and
the decision phase 6f said decision data;

30 N decision error adding means each for generating

Thls Sheet Has Been R
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of the invention; FIG 2 is a chart show ng the val ues of the phase
di fference signal p3, the decision data dl and the square ea of the
decision éerror in the enbodinent illustrated in FIG 1 - FIG 3 is a
timng-chart of signals in the enbodi nent shown in

a detai)ed block di agram of the signal processor 107A0uul “Hl"j!ﬂﬂu :"j
shown in FIG 1; FIG 5 is a flow chlar8 show ng ons

of the signal processor 107A illustrated in FIG 4; . 6 is a
det ai | ed bl ock di agram of the signal sarrpl ing circuit 111 | n t he
enbodi nent shown in 518 bl oc | a of _anot her
preferred enbodi rreré;%]slf’ﬁeepﬁ%nﬁ%rpy adding sa1<|§ glecggagﬂ SrroL every

time said clock signal is supplied and for clearing said
decision error sum in response to a clear signal;
N decision error registers each for storing said

35 decision error sum from the corresponding one of said
decision error adding means every time a sampling signal
is supplied; |

M sampling phase registers for storing a sampling
phase signal for each of said channels;

40 sampling means for generating symbol rate demodulated
data by sampling said definitioﬁ data in a phase indicated
by said clock signal, said M sampling phase signals, and
a channel numﬁer indicating signal; and

signal processing means further comprising reading

45 means for reading out said decision error sum_for each
of said channels from each of said N decision error
registers, sampling phasé computing means responsive
to each of these decision error sums for computing said
sampling phase signal for each channel by a prescribed

50 computing technique, and storigg means for storing each
of said sampling phase signals into one or another of

said M sampling phase registers.

14. A data demodulator, as claimed in Claim 13, wherein
said receive signal has undergone =/4-shift quadrature

phase-shift- keylng (=/4QPSK) .
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FIG 8 is a chart show ng the values of the phase difference signal p4,
the- dect sion-data dl and the decision error eb in the enbodi ment
illustrated in FIG 7; FIG 9 is atimng chart_of signals.in-the

enboditment  shown in FIG 7; and _ ) -
gigggnal 'procglssc,iorlgo;% ?Irtg}t,vr ;Pgtrj‘ti.rS]hIC:)\lMGn%gge_Of tllm‘“lﬂlﬂ“‘mmns'“mr the

L

15. A data demodulator, as claimed in Claim 13, wherein
said decision error computing means is decision error
squaring means for generating-said decision error by
squaring the difference between the phase of said phase

5 difference signal and the definition phase of said decision

data.

l6. A data demodulator, as claimed in Claim 13, wherein
said decision error computing means is absolute value
computing means for generating said decision error by
computing the absolute value of the difference between

5 the phase of said phase difference signal and the decision

phase of said decision data.

17. A data demodulator, as claimed in Claim 13, further
provided with timing signal generating means, receiving
a frame signal notifying the TDMA channel switching of
said receive éignal, for generating said clock signai

5 synchronized with this frame signal, said sampling signal,

said clear signal, and said channel number .indicating

signal.

18. A data demodulator, as claimed in Claim 17, whwerein:
said sampling-signal is prepared immediately before

the end of reception of said receive signal on each TDMA

channel;

This Sheet Has Been RTilaced
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to FIGS.
1, -2 and 3 t-ogether, this data denodulator constitutes part of the base
station apparatus of a digital cellular telecommunicationsystem-of_a TDVA

formul'a. This base station apparatus includes a tran not
shown) for transmitting Mchannel TDVA signghs. ar M WWL m
shown) for receiving [err]/4 QPSK signals of the 80 tted
over a designated:channel anong the M TDMA signal channels, and a cont r ol
unit (not shown) for controlling said transmtter unit and receiver unit.
The high freqdency secsabd affeaxaisigneteiyeprepited datwerhs thbeptesstatibn

[err]/4 QPSK signals into receive signals r of an internediate frequency

(455 kHz, for inStafedd sriplinpheidned aedothe ateweptdoni véssahd sframe

- I receive signals r at an i nput term nal
[err]/4QDSK nodu atggale £l g p

said channel number indicating signal is prepared

upon reception of said frame signal.

19. A data demodulator, as claimed in Claim 18, wherein
said signal processing means further comprises:
. input/output (I/0) means for reading said decision
error sum from each of said N decision error registers
5 every time.said sampling signal is supplied, and writing
said sampling phase signal into said sampling phase
register for the corresponding channel, and
computing means responsive to said N decision error
sums, which have been read out, for sending one of the
10 phases of said clock signal to said I/O means as said

sampling phase signal.

20. A data demodulator, as claimed in Claim 18, wherein
said samplihg phase computing means sends said clock
signal phase correxponding to the smallest value of said

decision error sum as said sampling phase signal.

21. A data demodulator, as claimed in Claim 18, wherein
Said I/0 means further receives receive information

indicating the reception state of said receive signal, andé
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100.

equal

The data denodul ator, wholly consisting of digital circuits,
I ncl udes phase detector 101, delay circuit 102, phaéé différence detector

103, decision circuit 104, and reference signal gen tor
105 for generating a reference signal fr of a frequ nnmllgﬂm IT
to K(Kis a positive integer) tines the cente#

T equemcy s

receive signal r, all known neans to person&tskilled

-20 -

10

15

said computing means further is responsive tqlsaid
receive information for correcting said decision error
sums with a weighting coefficient corresponding to said
receive information, and sencind said clock signal phase
indicating the smallest value of these corrected decision

error sums as said sampling phase signal.

22. A data demodulator, as claimed in Claim 18, wherein
said corrected decision error sum is the weighted average
of said decision.error sum for the preceding adding period.

and of a newly added sum of said decision errors.

23. A data demodulator provided with:

phase detection means, receiving a receive signal
having undergone z /4QPSK, for deteéting the phase of said
receive signal by comparing the phase of said receive
signal and that of a reference signal whose frequency
is substantiélly equal to K (K is a positive integer)
times the center frequency of said receive signal, and
sampling the phase of said receive signal, which has been
detected, to give a phase signal in a parallel signal
form every timé a clock signal, resulting from the division
of the symbol period of said recelve signal into N (N is
a positive integer) phases, is supplled-

delay means for generating a delayed phase signal by
giving said phase signal a delay equal in length to said

symbol period;

Baijimmd
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in the art. The phase detector 101 shapes the waveform- of the receive
signal r fromthe input termnal 100 to a logic |level, and detects the
phase of the receive signal r by conparing the zero cross _pm_nt.----effthl S

wave- shaped receive signal r and that of a si gnat- ‘r”éé‘ﬁltl ng fromt
frequency division of the reference signal § by K n!mﬁm‘ﬁaﬂ
further sanples this detected phase N ti rre per \“

r with N-phase(leap05|t|ve|nt gery ‘-cléck signal s

recei ve signal
clk, i.e. cl

this sanpl ed det ect ed phase airfdienpbagetsbgiéh mdanfrdhgenaeat Y8y si gnal

tor
of t

., cN, froma timng signal generator 106A and . gi ves

r. Thus, the phase detector 101 outputs N-phase signals pl per symbol i

numer i caI dat a

| Phaspad bf feterfaer mignalesponsst tacttihg sedd delaygdaphase

the reference signal fr. and the clock signals clk. The

20

25

30

35

40

signal from said phase signal; and

decision means responsive to said phase difference
signal for generating decision data, which is the result
of the phase decision of said phase difierence signal,
wherein:

said receive signals are M-channel (M is a positive
integer) TDMA signals.

further provided with:
. timing signal generating means, receiving a frame

signal notifying the TDMA frame switching of said receive

101
he

n

signal, for generating said clock signal synchronized with

this frame signal, a sampling signal prepared immediately
before the end of reception of said TDMA frame, a clear
signal prepared between the preparation of said sampling
signal and the reception of said frame signal, and a
channel number indicating signal prepared upon reception
of said frame signal;

decision error squaring means for generating the
square of a decision error by squaring the difference
between the phése of said phase difference signal and
the decision phase of said de;ision data;

N decision error adding ﬁeans each for genérating

the sum of the squares of said decision errors by adding

the square of said decision error every time said clodk

ThsSh
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accuracy of the phase detection of the receive signal r by the phase

detect or

delay circuit

t he phase signa

is.2[err]/K radians.

102, which generates a del ayed phase del ayi n
pl by one synbol. The phase differ ﬂm{) ﬂﬁgm
ase

The phase S|gnaT‘pI‘rs—suppLLed_Lg t

generates a phase difference signal p3 by iubtractlng

si gnal

p2 fromthe phase signal pl (p3 = p

p2). The phase dl?ference

signal p3 is the.difference between the phase signal pl earlier by one

symbol
. e.

(the delayed phase signal p2) and a newly received phase signa

a signal resilgnangokr ene corresponding phase is supplied and for

45

50

55

60

65

clearing the sum of the squares of said decision errors
in response to said clear signal;

N decision error registers each for storing said
decision error.sum from the corresponding one of said
decision error adding means every time a sampling signal
is supplied;

M sampling phase registers for storing sampling

phase signals for each of said channels;

he
g

pl,

sampling means for generating symbol rate demodulated.-

data by sampling said decision data in a phase indicated
by said clock signal, said M sampling phase signals, and
said channel number indicating signal; and

signal processing means further comprising I/0 means
for reading the sum of the squares of said decision
errors from each of said N decision error registers at
the generation timing of said sampling signal and writing
each of said sampling phase signals into said sampling
phase register of the corresponding channel; and eomputing
means for sending one of the phases of said clock signal,
corresponding to the samllest value of the squares of said
decision errore among the N sums of the squares of said
decision errors, Which have been read out, to said I/O

means as said sampling phase signal.

24. A data demodulator provided with:

eet Has Been Re ‘ilaced
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-21 - del ayed detection of a [err]/4 QPSK-nodul ated receive signal r
The- deciksion.circuit 104 conpares the phase difference signal p3 with a
predet er mi ned val ue, and generates decision data dl of a two-colum
(see FIG 2). Thus, the decision ci

whi b;\ of fo.ur ranges i ncl udi ng'( [er1r]to -[er.r]/2) . mumlﬁm"ﬂml“mlnes

to [err]/2) and ([err]/2 to[err]) the phase4ql|iference gi ghal Lt p3* el ongs

four - val ue si gnal

to, and generates decision data dl

iLe. (1, 1),

are generated per synbol

(1, 0y, (0, 0) or (0, 1). Here,

correspondi ng

to the defined range,

N pairs of decision data dI

bf the receive signal

r.

The consti tuent

el ements whi ch charact ®hpge €atectinmefepped ERODHYHht2 Wadeiye gégepibed

bel ow. Here,

10

15

20

25

having undergone z/4QPSK, for detecting the phase of

said receive signal by comparing the phase of said receive

signal and that of a reference signal whose frequency is

substantially equal to K (K is a positive integer) times

the center frequency of said receive signal, and sampling

the phase of said receive signal, which has been detected,

to give.a phase signal in a parallel signal form every

time a clock signal, resulting from the division of the

symbol period of said receive signal into N (N is a

positive integer) phases, is supplied;

delay means for generating a delayed phase signal

by giving said phase signal a delay equal to said symbol

period;

phase difference detection means for generating a

phase difference signal by subtracting said delayed phase

signal from said phase signal; and

decision means responsive to said phase difference

signal for generating decision data, which is the result

of the phase decision of said phase difference signal,

wherein:

said receive signals are M-channel (M is a positive

integer) TDMA signals,

further provided with:

timing signal generating means, receiving a frame

signal notifying the TDMA frame switching of said receive

is Sheet Has Been R
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timng signal generator 106 receives a frame signal f fromthe control
unist of- said base station apparatus every tine the receive TDVA channel
(franme) is switched (tines t2 and t6), and generates ‘a channél "nunber...

indicating signal ch synchronized with the frane si gnaU”I’ k signal
clk, a clear signal clr and a sanpling signal load (se ”{I’H Hmt he
timng signal generator 106 generates thke46l eck signal &l ke beg

the switching tines t2 and t6 of the TDMA channel, the channel nunber

i ndi cating signal “ch upon reception of the frane signal f, the sanpling

f
signal load at the final ones of the reception _timng for speci f.i ¢, TDVA
channel (tinmes t|SigR@lrsFOrggnetafdng satdsFipgk sty d?cg’rr ZgA1 ¥1tR he

generation of tlgif%aggghggsféﬁgfﬂ 4‘?&%% i%% gggnéf)prepared immediately

30 before'the end of reception of said TDMA frame, a clear
signal p:epared between the preparation of said sampling
signal and the reception of said frame signal, and a
channel number indicating signal prepared upon reception
of said frame signal; |

35 decision error squaring means for generating the
square of a decision error by squaring the difference
between the phase of said phase difference signal and .
the decision phase of said decision data;

N decision error adding means each for generating

40 the sum of the squares of said decision errors by adding
the square of said decision error every time said clock
signal of the corresponding phase is supplied and for
clearing the sum of the squares of said decision errors .
in resbonse to said clear signal;

45 N decision error registers each for storing said
decision error sum from the corresponding one of said
decision error adding means every time a sampiing signal
is supplied;

M sampliné.phase registers for storing sampling phase

50 signals for each of said channels;

sampling means for generéting symbol rate demodulated
data by sampling said decision data in a phase indicated
by said clock signal, said M sampling phase signals, and

said channel number indicating signal; and

This Sheet Has Been Reﬂ ace

[TTEL




- 22 - First wwll be described the operation of the preferred
enbodi ment illustrated in FIG 1 when the receive signals..r._ are
consecutive. In this case, the timng signal generator 106 does not

generate the channel nunber indicating signal ch, but
sanpling signal load and the clear signal clr in presc bﬂﬂre
in the same frame periods Tf as when the_rqgeLve S|gnals r¢ arte -

TDVA si gnal s. Decision error squaring circuit 112 generates the

55 signal processing means further comprising input means
for reading the sum of the squares of said decision errors
from each of said N decision error registers at the
generation timing of said sampling signal and receiving
receive_information indicating the reception state of

60 said receive signal; output means for wriﬁing each 6f
said sampling phase signals into said sampling phase
register for the corresponding channel; weighted average
decision error computing means for computing weighted
average decision errors resulting from the weighted

65 averaging of the N sums of the squares of said decision -
errors, which have been read out, and of the N sums of
the squares of said decision errors in the preceding
adding period with a weighting coefficient corresponding
to said receive information; and computing means for

70 - sending one of the phases of said clock signal,
corresponding to the smallest value of the sums of
these weighted average decision errors to said output
means as said sampiing phase signal.

-25. A data demodulator provided with:
phase detéction means, for detecting the phase of
a receive signal of an M-channel TDMA formula having
undergone differential phase-shift-keying (DPSK) by
5 . comparing the phase of said receive signal and that of
a reference signal whose frequency is substantially equal

. This Sheet Has Been Reﬂ




square_ea of the decision error in response to the N-phase phase

di f-ference signal p3 and the decision data dl- (see FIG 2). Thus, the
squares of the differences between decision phases -3fert}/l4. .. -Jerr]/4 ,
[err]/4 and 3[err]/4 radians respectively corresponding to the decision

data dl (1, 1), (1, 0), (0, 0) and (0, 1) and the phagd m ﬂ
the phase signal p3 are obtained at the ocut4ut of the S{*' mimg]l ” Le

rel ati onship of correspondence shown in FIG 2. Wen the _rce_céi vk sigmal r
is a[err]/2-shifted BPSK signal, the decision circuit 104 deci des which

f thet - r]to0 d (0 t . th h diff
Gl gnal 3 bel angeteck Hhd % enEPALELS HHASARIn SHAPAERT SR ISHIERGY o

(hat renges 1 & sgfe Qi HERIE, wid olBSylomEpsR e s spaanc no
and [err]/2 radiaPéceive signal, which has been detected, to give a phase
10 signal in a parallel signal form every time a clock signal,
resulting from the division of the symbol period of said
receive signal into N (N is a positive integer) phases,
is supplied;
delay means for generating a delayed phase signal
15 by giving said phase signal a delay equal in length to
said symbol period;

: phase difference detection means for generating a
phase difference signal by subtracting said delayed phase
signal from said phase signal;.and |

20 decision means responsive to said phase difference
signal for generating decision data, which is the result
of the phase decision of said phase difference signal,

further preovided with:
subtracting means, insefted bétweén said phase

25 difference detection means.and said decision means,
for subtracting from a phase difference signal generated
by said phase difference detecting means a correction
value for corrécting the D.C. offset of this phase
difference signal, and supplying the corrected phase

30 difference signal to said decision means ;

‘decision error detection means responsive to the

phase difference signal from said subtracting means and

[ ATY

This Sheet Has Been Reﬂlaced



Each of N square error adders 113-1, ..., 113-N adds the square ea of the

deci sion error every tine a clock --—-—___________23

signal cl; ..., or cNof the corresponding phase is. ent to generate

decision error suns eal, ..., eaN, and clears the deci wm, al,
.5, eaN upon inputting of the clear signal clr. The Iﬂﬂmms

eal, ..., eaN are stored into square error48egisters 115- ,..? 195-N

whi ch sanpl e the decision error suns eal, ..., eaN at the

to said decision data for detecting the difference between
the phase of said phase difference signal and the decision

35 phase of said decision data;

decision error adding means for generating the sum
of said decision errors by adding said decision errors
in the period of the supply of channel number indicating
signals every time said clock signal is supplied and for

40 clearing the sum of said decision errors in response to
a clear signal;

a decision error register for sampling the sum of
Said decision errors at the timing of a.sampling signal
which is supplied, and storing said decision erxor sum;

45 M correction registers for storing said correction
value for each corresponding TDMA channel of said receive
signals;

a selector for selecting said correction value from
one of said M correction registers as indicated by a
50 channel number indicating signal; and
signal processing means further comprising reading
means for reading said decision error sum out of said
decision error register, computing means responsive to ths
read-out decision error sum for computing said correctior

55 value for each of said TDMA channéls, and correction wvalus
storing means for storing these éorrection valués into said
correction registers for the respectively corresponding

channels.
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timng of the sanpling signal load (time t1), and supply the sanpled

decisibn error suns esl, ..., esNto signal processing neans 107A. The
data generated by the square error adders 113-1, ..., 113-N are acceptable

if they are based on the decision errors (pl - dl) in

phases’ of the clock signals clk. Therefore, the decisi omﬂm mmgmuun
means 112 may be replaced with decision -er4®r-detection*nmegnst genesat kng
t he absol ute values of the decision errors (pl - dl). The si gnal
processi ng nmeans 107A responds to the decision error suns esl, ..., esN

whi ch have been read out and. to reception informati.on _inf f
control unit, anascalﬁtﬁ%’i%§e§‘°§&ﬁﬁf:gﬁg P Sk Imegh A gilaw\ QT%?%

one 2 A PSR A L Uit hlO T3 0 5

phase-shift-keying (%/4QPSK).

27. A dgta demodulator, as élaimed in Claim 25, further
provided with:
timing signal generating means, receiving a frame
signal notifying the TDMA channel switching of said
5 receive signal, for generating said clock signal
synchronized with this frame signal, said sampling signal,:
gaid clear signal, and said channel number indicating

signal.

28. A data demodulator, as claimed in Claim 27, wherein:
said sampling signal is prepared immediately before
the end of reception of said receive signal on each TDMA
channel;
5 said clear signal is prepared between the preparation
of said sampling signal and the reception of said frame
-signal; aﬁd )
said channel number indicating signal is prepared

upon reception,of said frame signal.

29. A data demodulator, as claimed in Claim 28, wherein:
said signal processing means further includes I/O

means for reading the sum of said decision errors out of

Ths@wﬁHuBamR laced




i nformati on to have signal sanpling neans 111 sanple the decision data dl
in a seltected phase of the clock signal clk, indicates hase nunber of
t he cl ock.signal clk. The signal processor 1Q7A mﬁltes_fﬁ§~§5ﬁﬁTThg~ﬁha
signal. sl into a sanpling phase register 114-1. The S'%WMMM

-24 -  sanpling circuit 111 sanples the decision data ﬂl"’l}t{/!ﬂﬂr’"l
(in a phase) instructed by a clock signal-ddg -and t he sanmpl i kg

signal sl fromthe phase register 114-1,

said decision error register at the timing of said sampling
5 signal and writing each of said correction values into said

correction registers for the respectively corresponding

channels; and correction value computing means responsive

to the sum of said decision errors, which has been read

out, for computing said correction value for each of said
10 TDMA channels and supplying these correction values to

said 1/0 means;

30. A data demodulator, as claimed in Claim 27, wherein: .
. said computing means computes the average of the sums
of said decision errors in each prescribed period and for
each of said TDMA channels, and adding said average to

5 said correction value stored in said correction register
for the corresponding channel to give a new correction

value.

31. A data demodulator, as claimed in Claim 30, wherein
said prescribed period is one frame period of said TDMA

signals.

32. A data deﬁodulator, as claimed in Claim 30, wherein

said I/0 means further receives receive information

indicating the reception state of said receive signal, anc
said computing means further is responsive to said

5 receive information for correcting said average with a

ot Has Been Reﬁaced

T



and generates at an output term nal 200 denodul ated data d2 at a synbol
rat-e resultisng fromthe optim zi ng adj ust nent of the _synbal synchronism

phase. Incidentally, since "2" is witten in the phase register 114-1 on
t he TDVA channel "1" in FIG 3, the synbol synchronllm‘mmmuﬂuﬂm IIIL
denodul, at ed data d2 is the second phase of the clock s t3
and t4). Wth further reference to FLGS. 1 throdgh®3

operation of the preferred enmbodi ment which takes place vvhen the receive
signal r is an M channel TDMA signal will be descri bed bel ow The
dat a denodul at or d ng M.c vided with
M sanpl i ng phasev{gﬁl g?ﬂ? géi%fdhl&ent Qggg%agﬁﬁoq r@s%%ﬁ' réé he nunber

of channel's, M ;;FaenstosR] MPRREAY LATA e@&fé&@de%y@rﬁaambngawase

correction value to give a new correction value.

33. A data demodulator, as claimed in Claim 32, wherein
said computing means:
computes said average uncofrected if it receives said
receive information indicating the first burst reception
5 of said receive signals, or
computes said average corrected with said weighting .
coefficient if 'it receives said receive information

indicating the reception of the same TDMA channel.

34. A data demodulator provided with:
phase detection means, receiving a receive signal of
an M-channel TDMA formula having undergone = /4QPSK, for
detecting the phase of said receive signal by comparing
5 the phase of said receive signal and that of a reference
signal whose frequency is substantially equal to K (K is
a positive'inieger) times the centé: frequency of said
receive signal, and sampling the phase of said receive
signal, which ﬂas been detected, to give a phase signal
10 in a parallel signal form every time a clock signal,
resulting from the division of'the symbol pericd.of said
receive signal into N (N is.a positive integer) phases,

is -supplied;
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nunber sj (j is an integer neither smaller than 1 nor greater than M 'in
respornse to :the decision error suns esl, ..., esNread out at every
timng of. reception end and to the receive informationinf, and wites

this sanpling phase signal sj into the sanpling ph ster 114-j for
the jth channel. Thus, the sanpling phase registers mjﬁﬂ !I"
wite sanpling phase signals sl, ..., sMofgsdhe respec ﬂWndl ng
TDVA channel s. The si gnal :

delay means for generating a delayed phase signal by
15 giving said phase signal a delay equai in length to said
symbol period;
phase difference detection means for generating.a
phase difference signal by subtracting said delayed phase
signal from said phase signal; and
20 decision means responsive to said phase difference
signal for generating decision data; which is the result
of the phase decision of said phase difference signal,
further provided with:
T: timing signal generating means, receiving a frame
25 signal notifying the TDMA channel switching of said receive
signal, for generating said clock signal synchronized with
this frame signal, a sampling signal prepared immediately
before the end of reception on said TDMA channel, a clear
signal prepared between the preparation of said sampling
30 signal and the reception of said frame signal, and a
channel number indicating signal prepared upon receptioﬁ
of said frame signal;
subtracting means, inserted befween said phase
difference detection means and said decision means, for
35 subtracting frdm a phase difference signal generated by
said phase difference detecting means a correction value
}or correcting the D.C. offset of this phase difference
signal, and supplying the corrected phase difference signzl

to said decision means;
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sanplirng circuit 111 sanples the decision data dl at the sanpling timng
i ndi cated by the sanpling phase channel sj correspondimg_to-the thannel-

nunber i ndicating signal ch and by a clock signal clk. channel
"1" in FIG 3 indicates the synbol synchronismtini ngs“' M Mjﬂl,
data d2 when "2" is witten in the phase_ rggl Ster 114-1

and the TDVA channel "2" shows the synbolsynchroni smtl m ng of the
denodul ated data d2 when "N' is witten in the phase register 114-N (tine

t7). Referring nowto FIG 4, the input/output (1/0O port 202 of the
signal proceaegsor 107Adeensisowudrridre déeecsion neanorrespmnséye, to. theesN from
the square error registers 115-1, ..., 115-N, respectively, upon

conpl eti on on evehgaseTOMfetangeelsignhds Erdacsaidrsuhr@ctdngsmeans and, esN
to said decision data for detecting the difference between
the phase of said phase difference signal and the decision
phase of said decision data;

45 decision error adding means for generating.the sum
of said decision errors by adding said decision error in
the period of the supply of said channel number indicating
signals every time said clock signal is supplied and. for
clearing the sum of said decision errors in response to

50 said clear signal;

a decision error register for sampling the sum of
said decision errors every time said sampling signal is
supplied and storing said decision error sum; |

M correction registers for storing said correction

55 value for each corresponding TDMA channel of said receive
signals;

a selector for selecting said correctidn value from
one of said M correction registers as indicated by said
channel number indicating signal; and

60 signal processing means further comprising reading
means for-reading said decision error sum out of said
decision error register, compgting means responsive to
the read-out decision error sﬁm for computing the average
of the sums of said decision errors in each frame period

65 of said TDMA signals and adding said average to said

mi]fﬂiﬁliii|flﬁlllﬁ



are separately stored in N x Mdecision error storing nenories 205. A

m croprocessor (CPU) 201 conputes the optimal sanpling phase signal sj for

each TDMA channel in response to one or another of these decision error— =

suns esl, ..., esN, and wites this sanpling phase sig
sarpl i ng phase register 114-j for the correspondi ng Tmﬂlﬂmmlnzmjlmrfu
| /O port 202. The CPU 201 operates in actéddance with a orsed
a program ROM 203. One of the techniques to conpute the opti mal

'jﬁrrpl ing phase signal sj for the decision data dl is suitable for -use
en it is desired to gijnec ce| g Si | r ULSts st
signal) to synbol %Sﬁﬁﬁ%e ;PF of Sred Gn EEE) cork@ct@og fé&l§%é¥f%f(gﬂé
corresponding TDMA channel to give a new correction value,
and correction value storing means for storing these

correction values into said correction registers for

70 the respectively corresponding channels.

35. A data demodulator provided with:
phase detection means, receiving a receive signal
for detecting the phase of a receive signal of an M-channel
TDMA formula haVing undergone % /4QPSK by comparing the
5 phase of said receive signal and that of a reference
signal whose frequency is substantially equal to K (K is
a positive integer) times the center frequency of said
receive signal, and sampling 'the phase.of said receive
signal, which has been detected, to give a phase signal
10 in a parallel signal form every time a clock signal,
resulting from the division of the symbol period of
said receive signal into N (N is a positive integer)
phases, is supplied;
delay means for generating a delayed phase signal
15 by giving said phase signal a delay equal to length to
said symbbl pefiod;
phase difference detection means for generating =2
phase difference signal by subﬁracting said deléyed.phase
signal from said phase signal; and

20 decision means responsive to said phase difference
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- 26- upon start of reception. Wen the square error registers 115-1,

.-, 115-N sanpl e the decision error suns esl, esN, respectively, the
signal processor 107A reads out these deci si on error;suas_esl, ..., esNto
find out the. small est decision error sumesi. The t|n1n of the clock -

signal .clk for the square error register 115-8 to glvel s
esi, i.e. the phase of the ith phase clockssi-gnal ci,
opti mal sanpling phase for the decision data dl. Thi s net%od te

the optinmal sanpl’ing phase signal si is applicable irrespective

whet her the nunber of TDMVA channel (s) is one or_ nore.
signal for generatlng decision data, which is the result .

of the phase decision of said phase difference signal:
further provided with:
_ timing signal generating means, receiving a frame

25 signal notifying the TDMA channel switching of said receive
signal, for generating said clock signal synchronized with
this frame signal, a sampling signal prepared immediately
before the end of reception of said TDMA frame, a clear
signal prepared between the preparation of said sampling

30 signal and the reception of said frame signal, and a
channel number indicating signal prepared upon reception
of said frame signal;

subtracting means, inserted between sa;d phase
difference detection means and said decision means, for

35 subtracting from a phase difference signal generated by
said phase difference aetecting means a correction vaiue
for correcting the D.C. offset of this phase difference
signal, and supplying the corrected phase difference
signal to said deeision means;

40 decision error detection mean;.responsive to the
phase difference signal from said subtracting means and
to said decisien data for detecting the difference between
the phase of said phase difference signal and the decision
phase of said decision data;

45 decision error adding means for generating the sum

of said decision errors by adding said decision error in
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Anot her technique to conpute the optiml sanpling phase si is suitable for

use when the receive signal r is a TDVA signal. This is based on the fact

that the drift of the optimal sanpling phase signal si—ts extrenely-small

bet ween burst si gnals in which TDVA signals of the sarrj_ﬂ!channel adj oi n one
a

anot her. The signal processor 107A finds out a new s Ii Mﬂ |
si by subjecting the past sanpling phase yglues si mﬁ

sanpl i ng phase signal si to weighted averaging instead “of conpu |ng an
entirely new optimal sanpling phase signal si for each sanple of the
decision error sunms esl, ..., esN Thus, the signal processor 107A
conputes a wei ghtted paveoagef déa Supplerobrsakdichannedaohmbprt hedi¢aing o
the N h phases by Equation (1), and selects as the new sar‘rEI [ ng p ase
signal si the phadensisteeexy daimesisgadl cleckisigpal is supplied &nd

clearing the sum of said decision'errors in responsé to
50 said clear signal;

a decision error register for .sampling the sum of
said decision errors every time said sampling signal is
supplied and storing said decision error sum;

M correction registers for storing said correction

55 value for each corresponding TbMA,channel of said receive
signals;
) a selector for selecting said correction value from
one of said M correction registers as indicated by said
channel number indicating signal; and

60 signal processing means further comprising reading
means for reading said decision error sum out of said
decision error register and receivihg receive information
indicating the receptibn state of said redeive signals,
computing means for correcting the average of the sums

65 of said decision errors read out in each frame period of
said TDMA signals with a weighting coefficient corresponding
to said receive.information and:adding this average to éaii
correction va;ﬁe stored in said correction register of the
corresponding TDMA channel to give a new correction value,

70 and correction value storing means for storing these

correction values into said correction registers for the

respectively corresponding channels.
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-27- square error register 115-i which gives the small est value of this
wei-ghted average decision error wesi. wesi {(decision error sumesi) . w
+ (value stored in deci sion error storlng nennry~2@5)_ﬁ(1 -.w}

. (1) where O [err] the weighting coefficient M/[er By this

éénp| i'ng phase conputing nethod, the greater the wel_g M m&muﬂ”ﬂ" ,
the sooner the synbol synchronization. Therefore, the I
wei ghti ng | | ot

36. A data demodulator, as claimed in Claim 35, wherein
said computing means:
dbmputes said average uncorrected if it receives said
receive information indicating the first burst reception
.5 of said receive signals, or
computes séid average corrected with éaid weighting
coefficient if it receives said receive information

indicating the reception of the same TDMA channel.
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coefficient wis set greater immediately after the start of reception of
receive signals r on a given channel and, after conpletion of the
synchroni Zation, it is reduced to a smaller value to restrain fluctuations
due. to noi se superinposed on the receive signals r. Wen no receive

signal r is received, the square error nenories 205 are cleared and, when
the reception of receive signals r is to-be§in, the sanpling phase signa
si is determined solely on the basis of the value of the square error
register 115-i. As a result, the synbol synchronlzatlon of burst signals r
Wi th short preanbles is accelerﬁﬁg% int dq& anndulator The CPU 201
varies the weighting coefficie Tagt 8 p Se 1 € receive information
inf notifying the state of the reception of said receive signals r from
said control unit and to the software '

A data demodulator wholly consisting of digital
circuits for TDMA signals subjected to differential phase-
éhift-keying (DPSK). The data demodulator generates a
phase difference signal by subjecting =/4QPSK signals to

5 delayed detection with phase detection means, delay means
and phase difference detection means, éonnected in cascade
and all known to persons skilled in the art, in synchronism
with N-phase clock signals, and reproduces this phase
difference signal into decision data with definition means.

10 .A first such data demodulator finds out decision
errors from said phase difference signal and decision
data, and achieves symbol synchronism by sampling said
decision data in a clock signal phase involving little
decision error. A second such data dembdulator supplies

15 said phase difference signal to said decision after
correcting its D.C. offset due to a frequency drift.
In these two data demodulators, the formulas for computinc
said decision errors and correction values are flexibly

varied according to preceding burst information.

This Sheet Has Been R laced
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Khown smeans can be utilized for the collection of aforenentioned receive
information inf, Thus, said receiver apparatus detects the receive field
intensity of the [err]/4 QPSK signals received and, if this receive field
intensity is above a prescribed | evé/10wi||l supply the receive information
inf to the signal processor 107 via said control unit. If the receive
‘signals r include any sync signal, sync signal detecting neans known to
those skilled in the art will transmt the receive information inf upon
detection of said sync signal. O, if the receive signals r are in the
formof error detection codes, the error detecting neans of said receiver
unit will transmt the receive information inf upon detection of said
error . detection codes. O, said control unit will transmt the receive
information inf upon detection of a signal

FIG.2
3 dl : ea |
cr~=es2 | (1,10 | (mBtdesan |
~x/2~0 (1,0) (p3 + =4 )
0~ =/2 {o,o) (p3 — =/4 )
/2~ = | (0,1) (p3 — 3z/4 )




eXpected in advance. As described above, since various neans are available
for judging whether or not signals are being received, said radio
apparatus can use a suitable one of themfor this data denodul ator to
supply the receive information inf to the signal processor 107A

Referring to FIG 5, this flow chart shows the second

techni que for conputing the sanpling phase. The CPU 201 reads out decision

errors esl, ..., esNfromthe square 3/10
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efror segisters 115-1, ..., 115-N, respectively, at the tinme of reception
end on a certain TDMA channel (tl if its is the Mh channel) (step 11).
The CPU 201 further reads out the contents of the decision error storing

menories 205 corresponding to these decision errors esl, ..., esN (M1,
MNif it is the Mh channel), conputes the weighted average decision
errors wesl, ..., wesN by Equation (1), anglygpores these weighted average
decision errors wesl, ..., wesNinto the decision error storing nenories
205 (M1, ..., mN) (step 12). The CPU 201 then conputes the sanpling
phase signal si (sMif it is the Mh channel) corresponding to the

smal | est val ue of the weighted average decision errors wesl, ..., wesN

(step 13). Finally, the CPU 201 stores the conmputed sanpling phase signal
si.into the sanpling phase register 114-j (114-Mif it is the Mh
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cm T

channel) (step 14). This flow of sanpling phase conputation is repeated

for each channel of the TDMA signals. Referring nowto FIG 6, a
signal selector 253 of this signal sanpling circuit 111 selects one of the
M sanpling phase signals sl, ..., sMas designated by the channel nunber

i ndicating signal ch. Since the first through Mh channels are used in
repeated cyeles for the TDVA signaﬁé!o the signal selector 253, every tine
t he channel nunmber indicating signal ch is entered, selects the sanpling
- 30- '

FIGS
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Step 11
Y /'-Na-’
Decision errors es read cut of _
N square errcr registers 115 '
. l Step 12
/M

N weighted average dec¢ision
errors Wes computed and stored

into decisizn error memorv 205

¥ ~~-Step 13

Sampling phase s corresponding to
smallest of N weigh*ed average

decisicen errors Ades found out

l Step 14

Found-out sampling phase 3
stored into sampling phase
register 114




phasessignal sj for the next channel (supposed to be jth "channel)
follow ng nodulo M This sanpling phase signal S is used as the contro
signal for another signal selector 252. The signal selector 252 selects
one of N clock signals clk (cl, ..., cN), ci inthis case, according to
t he phase nunber i indicated by the sanplihg phase signal sj. A sanpling
circuit 251 sanples the decision data dl with the phase of the clock
signal ci selected as the optinal san%ling phase, and gener ates

denodul ated data d2 of the synbol r &d. As descri bed above, the data
denodul ator, which is the preferred enbodinent illustrated in FIG 1,
readily permts large scale integration and di spenses with adjustnent
because it wholly consists of digital circuits. As it optimzes the synbol
synchroni sm phase for every
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channel of TDMA signals, denodul ated data d2 with the |least error rate can
be- obt ai ned for each channel. Furthernore this data denodul ator, which
flexibly various the technique to set the sanpling phase signal si for the
deci sion data dl according to the contents of receive signals r, can

achi eve qui ck synmbol synchronization at the tinme of starting the reception
of burst signals and, at the sane time,7 ?@Iize t he reproduction of data .
with less errorss in consecutive reception on the sane TDVA channel even
if the the receive signals r are acconpani ed by nuch noi se.
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431, Referring nowto FIG 7, a data denodulator illustrated in
this drawi ng, which is another preferred enbodi nent of the present
invention, like the one shown in FIG 1, includes phase detector 101 for
receiving a receive signal r having undergone [err]/4 QPSK nodul ation from
an input termnal 100, delay circuit 102, phase difference detector 103,
.decision circuit 104, reference signal generator 105 for generating a
reference signal fr, and timng sigqg 0generator 106. This data
dempdul at or further includes subtracti®n circuit 121 arranged between the
phase difference detector 103 and the decision circuit 104, and signal
processor 107B, which is substantially simlar to its counterpart in the
enbodi nent shown in FIG 1. The

FIG8 | )
o4 l éb
—r ~ —5/2 1,1) pd—(-3x/4)
—x/2~0 | (,0 | pt—(~=/4)
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"2~ = (0,1) | pi—3x/4




si'gnal: processor 107B, though having the same constituent elenents as the
si gnal processor 107A, 'is different in the way it processes signals as
wi |l be described bel ow. If the center frequency of the receive
signal r differs from1/K of the reference signal fr (i.e. if the receive
signal r has a "frequency drift"), a phasg difference signal p3 will have
a DC offset. If this phase difference Vdﬂal p3 having a D.C. offset is
directly supplied to. the decision circuit 104, the decision circuit 104
wi Il generate decision data dil with many errors due to the D.C. offset. To
elimnate this disadvant$gé, the subtractiop circuif 121 subtfapts ffoin

t he phase difference dignal [p3 a %gﬂrection val ue pr
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-32-,, for the frequency drift, and thereby generates a corrected phase
di f.ference signal p4 cleared of the D.C. offset due to the frequency
drift. This corrected phase difference signal p4 is supplied to the
decision circuit 104, which generates decision data dl whose data errors
due to said frequency drift have bggmng educed. Referring to FIG 8
together, decision error detector 122 generates a decision error eb in
response to,the corrected phase difference signal p4 and the deci sion.
data dl. Thus, the decision phases corresponding to the

FIG.10
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‘on error sum eb2 read out of

s
decsieion . error register 126

} ~_Step 22

Correction value pr, read out of cor-

rection register 125, modified in re-
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responsive to said correction value

ps and receive informztion inf, end

‘to deciston error sum b2
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decision data dl (1, 1), (1, 0), (0, 0) and (O, 1) are -3[err]/4,

-[err]/4

[err]/4 and 3[err]/4 ans, respectively. Referring

further to FIG 9 together, decikTHiS SHIRTHASBHE means 124 generates a

decision error sumebl by adding a dﬁEPEA@D err
signal clk N tinmes the synbol rate—+ pha

"5‘3.:

ACEMENT SHET

h- 1.!

clears the decision error sumebl at a- t1Bm ng before tjhg start of
recepti on on each TDVA channel (tinme t2 for channel "1" lan@ 8tGCE1998 f

channel

"2") in response to a clear signal clr. The pdqri
the decision error signals eb are added is one TDMA frjan

od during whi

nd

|
Tf). Were clock signals clk in correct symbol synchrdnismwcth the
receive signals r are obtained, the decision error adder 124 can naintain

an adequate level of frequencypditf DEMODTRLATORACCUr acy even if the

deci si on

o

ABSTRACT

A data demodulatoi'.wholly consisting of digital circuits for TDMA signals
subjected to differential phase-shift-keying (DPSK). The data demodulator generates a

phase difference signal by subjecting n/4QPSK signals to delayed detection with phase

detection means, delay means and phase difference detection means (101, 102, 103),
connected in cascade and all known to persons skilled in the art, in synchronism with
N-phase clock signals, and reproduces this phase dlfference signal into dec1s1on data
with definition means.

A first such data demodulator (104) finds out decision errors from said phase
difference signal and decision data, and achieves symbol synchronism by sampling said
decision data. in a clock signal phase involving little decision error. A second such data
demodulator (112) supplies said phase difference signal to said decision after correcting
its D.C. offset due to a frequency drift.

Fig. 1
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errors ‘eb are added with cl ock signal s clk o J;«Q1 \ qu e I
perl Od (I e. N — 1) The @L%E%g er}r (;%r ..... %poE%dS%‘irb$
ogh

supplied to a decision error. register.126,. ﬂgﬁ ?:lpéi
e e fq&

error sum ebl at the timngs of a sarrpllng Si

and supplies the sanpled decision error sumle alctthe
107B. The signal processor 107B cohﬁut es frequency dri f;_‘ '_QH ectlo

values prl, ..., prMfor each TDVA channel DATE OF RECEIPT.....0.. 0 ...

=

frequency drifts of the 7/4 QPSK signals relative to the reference signal and the reference
phase for phase detection independently of each other, is quick in responding to burst
signals such as TDMA signals, but has no function to optimize symbol synchronism.
This data demodulator, moreover, requires more or less complex circuits for controlling
the phase and frequency, such as said ACT circuit, AFC circuit and phase/frequency

control circuit.
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more of the
abovementioned problems.

According to one aspect of the invention there is disclosed a data demodulator
provided with:

phase detection means for detecting the phase of a :eceive signal having
undergone differential phase-shift-keying (DPSK) by comparing the phase of said receive
signal and that of a reference signal whose frequency is substantially equal to K (K is a
positive integé'r) times the center frequency of said receive signal, and sampling the phase
of said receive signal, which has been detected, to give a phase signal in a parallel signal
form every time a clock signal is supplied, resulting from the division of the symbol
period of said receive signal into N (N is a positive integer) phases, is supplied:

delay means for generating a delayed phase signal by giving said phase signal a
delésl equal in length to said symbol period;

phase difference detection means for generating a phase difference signal by
subtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal, further

provided with:

REPLACEMENT SHEET
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of the receive signals r as will be described belowin response to a

deci sion error sumes3 that has been read out and to receive information
inf, and wites these correction values prl, ..., prMinto respectively
correspondi ng correction data registers 125-1, ..., 125-M A signal

sel ector 123 selects the correction data register 125-j of the jth channel
I ndi cated by a channel nunber indicatiﬁd'signal ch, and supplies the
subtraction circuit 121 mﬁth the correction value prj stored in the

correction dat %l\_e[:%ﬂins{a]ﬁﬁr 11tngg2 tedfis fé% biile. ) said gﬂ'ﬁs@&:ffe?éﬂéé signal and

referring to FI e 5|gn 23 supplies the subtraction
circuit 1?s3nd’\ﬂédi‘516ﬁ‘ QaaOfof %ﬁipﬁﬁn%ﬂ&' dé@lsib"n erréY Of thd basiseof thel diffefeinct between

reception of signals on channel (until time t2), and with the correction
val ue pr Fh@phaseaf shidephiabediffprerice tsiphal mmiethe idecisioh phasgrof] saidodecisiomdeta; " 1"

N decision error adding means each for generating a decision error sum by
adding said decision error every time said clock signal is supplied and for clearing said
decision error sum in response to a clear signal;

N decision error registers each for storing said decision error sum from the
corresponding one of said decision error adding means every time a sampling signal is
supplied;

a sampling phase register for storing sampling phase signals;

sampling means for generating symbol rate demodulated data by sampling said
decision data in a phase indicated by said clock signal and said sampling phase signal; and

signal processing means further comprising reading means for reading out said
decision error sum from each of said N decision error registers, sampling phase
computing means responsive to each of these decision error sums for computing said
sampling phase signal by a prescribed computing technique, and storing means for storing
said sampling.'phase signal into said sampling phase register.

According to another aspect of the invention there is disclosed a data
demodulator provided with:

phase detection means, receiving a receive signal having undergone n/4-shift
quadrature phase-shift-keying (n/4 QPSK), for detecting the phase of said receive signal
by léomparing the phase of said receive signal and that of a reference signal whose
frequency is substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been
detected, to give a phase signal in a parallel signal form every time a clock signal,

resulting from the division of the symbol period of said receive signal into N (N is a

REPLACEMENT SHEET
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¢

(fromtine

t2 through tinme t5). Since the switching of the correction

value pr by the signal selector 123 can be acconplished instantaneously,
this data denodul ator can immediately correct any frequency drift even at

the timng

- 34 - of switching the

channel for receive signals r differing in frequency drift fromone TDVA

channel to
especially

another. This quick swtchi ngsdf the correction value pr is
useful for a data denodul ator which requires

delay means for generating a delayed phase signal by giving said phase signal a
delay equal in length to said symbol period;

phase difference detection means for generating a phase difference signal by

- subtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal, further
provided with: ]

timing signal generating means for generating a sampling signal, a clear signal
and said clock signal,;

decision error squaring means for generating the square of a definition error by
squaring the difference between the phase of said phase difference signal and the decision
phase of said decision data; '

N decision error adding means each for generating the sum of tI;e squares of
decision errors by adding the square of said decision error every time said clock signal of
the corresponding phase is supplied and for clearing the sum of the squares of said
decision errors in response to said clear signal;

N decision error registers each for storing said decision error sum from the
corresponding one of said decision error adding means every time a sampling signal is
supplied;

a sampling phase register for storing sampling phase signals;

sampling means for generating symbol rate demodulated“ data by sampling said
dec_:iéion data in a phase indicated by said clock signal and said sampling phase signal; and

signal processing means further comprising I/O means for reading the sum of the
squares of said decision errors from each of said N decision error registers in a prescribed
period and writing said sampling phase signal into said sampling phase register, and
computing means for sending one of the phases of said clock signal, corresponding to the

smallest value of the squares of said decision errors among the N sums of the squares of

REPLACEMENT SHEET
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14

switching of the correction value pr in a matter of tens of m croseconds
as in a digital cellular telecomunication systemaccording to the

above-cited RCS STD- 27A (the bit rate is 42 kbps, M= 3). Next wil |l
be described the first technique for conputing the correction val ue,
suitable for pronpt setting of the correction values prl, ..., prMat the

time of, for instance, starting the recéﬁfion of burst signals r
The signal processor 107B reads out, every tinme the decision error

egi ster A8 RERRCarbR Wi B bl R ot S inful) bt U/B) Hedsls & sakH

eb2, and conputes t average prj of t I'SI O bon t

channel éaﬁhiﬂﬂigzlﬁﬁséﬁi Bgt. the jth channel) in every fixed period, which is
one frame period Tf ofg TDVA signhal s here. \Were

According to yet another aspect of the invention there is disclosed a data
demodulator provided with:

phase detection means, receiving a receive signal having undergone n/4-shift
quadrature phase—shiftfkeying (n/4 QPSK), for detecting the phase of said receive signal
by comparing the phase of said receive signal and that of a reference signal whose
frequency is substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been
detected, to give a phase signal in a paraliel signal form every time a clock signal,
resulting from the division of the symbol period of said receive signal into N (N is a
positive integer) phases, is supplied;

delay means for generating a delayed phase signal by giving said phase signal a
delay equal in length to said symbol period;

phase difference detection means for generating a phase difference signal by
subtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal, further
provided with:

timing signal generating means for generating a sampling signal, a clear signal
and said clock signal;

-' decision error squéring means for generating the square of a decision error by
squaring the difference between the phase of said phase difference signal and the decision
phase of said decision data;

N decision error adding means each for generating the sum of the squares of said
decision errors by adding the square of said decision error every time said clock signal of

the corresponding phase is supplied and for clearing the sum of the squares of said

decision errors in response to said clear signal; REPLACEMENT SHEET
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3

one frame period Tf consists of H synbols, the decision error eb is added
N x Htinmes, and the average prj is represented by Equation (2). The
signal processor 107B has, in its data RAM 204, M decision error storing
menories 205, in which the decision error suns eb2 are stored on a

channel - by-channel basi s. pri = eb2/ (Nerr]H |
(2) "7 - 35- The val ue prj,

which is the average of decision errors eb on this jth channel, represents
the D.C. offset N decision error registers each for storing said decision error sum from the

corresponding one of said decision error adding means every time a sampling signal is
supplied; |

a sampling phase register for storing sampling phase signals;

sampling means for generating symbol rate demodulated data by sampling said
decision data in a phase indicated by said clock signal and said sampling phase signal; and

signal processing means further comprising input means for reading the sum of
the squares of said decision errors from each of said N decision error registers in a
prescribed period and receiving receive information indicating the reception state of said
receive signal; output means for writing said sampling phase signal into said sampling
phase register; weighted average decision error computing means for computing weighted
average decision errors resulting from the Weightéd averaging of th¢ N sums of the
squares of said decision errors, which have been read out, and of the N sums of the
squares of said decision errors in the preceding adding period; and computing means for
sending one of the phases of said clock signal, corresponding to the smallest value of the
sums of these weighted average decision errors to said output means as said sampling
phase signal.

According to yet another aspect of the invention there is disclosed a data
demodulator provided with:

phase detection means, for detecting the phase of a receive signal having
undergone differential phase-shift-keying (DPSK) by comparing the phase of said receive
sigﬁal and that of a reference signal whose frequency is substantially equal to K (K is a
positive integer) times the center frequency of said receive signal, and sampling the phase

of said receive signal, which has been detected, to give a phase signal in a parallel signal

form every time a clock signal, resulting from the division of the symbol period of said
receive signal into N (N is a positive integer) phases, is supplied;

delay means for generating a delayg i ng said phase signal
Y g S T REPLACEHENT SHERY | S21d phase sig

by one symbol;

2 1 JAN 1997




gquantity of the phase difference signal p4. If this average prj is

- obtained on, for instance, the Mh channel, the correction value prM
currently set for the Mh channel. w Il be deviating fromthe proper
correction value by the average prj. Therefore, the signal processor 107B
adds this average prj to the correction_value prMstored in the
correction data register 125-Mfor the Mih channel as indicated by
Formula (3), and wites the sumof this addition into the correction data
regi ster 125-M ; I J! : r :

ebal (N[err]ry  Pose diffeiake defichibh qn%@% e Rebrating & phasE dfffefinod <itdt v
prMis a gibifabGaesdid Melag&d pRaEE SthndPirdf. said$hab@kiphMt @sli phase difference
signal p4 onthe Mh T channel will thereafter have no D.C. offset,
and the M h chadevidionvimeandeespbmsivectd said plese idifferemticeadigriah dor generating decision

| ue

data, which is the result of the phase decision of said phase difference signal, wherein:
said receive signals are M-channel (M is a positive integer) time division multi-
access (TDMA) signals,

further provided with:

decision error computing means responsive to said phase difference signal and
said decision data for computing a decision error on the basis of the difference between
the phase of said phase difference signal and the decision phase of said decision data;

N decision error adding means each for generating a decision error sum by
adding said decision error every time said clock signal is supplied and for clearing saiﬁ
decision error sum in response to a clear signal; i

N decision error registers each for storing said decision error sum from the
corresponding one of said decision error adding means every time a sampling signal is
supplied;

M ézimpling phase registers for storing a sampling phase signal for each of said
channels;

sampling means for generating symbol rate demodulated data by sampling said
definition data in a phase indicated by said clock signal, said M sampling phase signals,
and a channel number indicating signal; and

'. signal processing means further comprising reading means for reading out said
decision error sum for each of said channels from each of said N decision error registers,
sampling phase computing means responsive to each of these decision error sums for
computing said sampling phase signal for each channel by a prescribed computing

technique, and storing means for storing each of said sampling phase signals into one or

another of said M sampling phase registers. REPLACEMENT SHEET
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frequency drift. Next will be described the second technique for
conputing the correction value, suitable for correcting frequency drifts
of TDMA signals fromthe sane conmuni cation partner station (on the sane
channel ). Center frequency fluctuations of receive signals r being
consecutively received.on the sane TDVA channel are in many cases |ikely
to be extrenely small between ad10|n|ng -Barsts. In such a case, if the
correction value pr is -36 -

According to yet another aspect of the invention there is disclosed a data
demodulator provided with:

phase detection ‘means, receiving a receive signal having undergone mw/4-shift
quadrature phase-shift-keying (n/4 QPSK), for detecting the phase of said receive signal
by comparing the phase of said receive signal and that of a reference signal whose
frequency is substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been
detected, to give a phase signal in é parallel signal form evefy time a clock signal,
resulting from the division of the symbol period of said receive signal into N (N is a
positive integer) phases, is supplied;

delay means for generating a delayed phase signal by giving said phase signal a
delay equal in length to: said symbol period;

phase differenice detection means for generating a phase difference s1gnal by
subtracting said delayed phase signal from sald phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal, wherein:

said receive signals are M-channel (M is a positive integer) time division multi-
access (TDMA) signals,

further provided with:

timing signal generating means, receiving a frame signal notifying the TDMA
frame switching of said receive signal, for generating éaid clock signal synchronized with
this frame signal, a sampling signal prepared immediately before the end of reception of
said TDMA frame, a clear signal prepared between the preparation of said sampling
signal and the reception of said frame signal, and a channel number indicating signal
prepared upon reception of said frame signal;

decision error squaring means for generating the square of a decision error by

squaring the difference between the phase of said phase difference between the phase of

said phase difference signal and the decision phase of said decision data; - -
’ : ° REPLACEMENT SHEET
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the corresponding phase is supplied and for clearing the sum of the squares of said
decision errors in response to said clear signal;

N decision error registers each for storing said decision error sum from the
corresponding one of said decision error adding means every time a sampling signal is
supplied;

M sampling phase registers for storing sampling phase signals for each of said
channels; |

sampling means for generating symbol rate demodulated data by sampling said
decision data in a phase indicated by said clock signal, said M sampling phase signals,
and said channel number indicating s1gna1 and -

signal processing means further comprising I/O means' for reading the sum of the
squares of said decision errors from each of said N decision error registers at the
generation timing of said sampling signal and writing each of said sampling phase signals
into said sampling phase register of the corresponding channel, and computing means for
sending one 6f the phases of said clock signal, corresponding to the smallest value of the
squares of said decision errors among the N sums of the squares of said decision errors,
which have been read out, to said I/O means as said sampling phase signal.

According to yet another aspect of the invention there is disclosed a data
demodulator provided with:

-. phase detection means, receiving a receive signal having undergone n/4-shift
quadrature phase-shift-keying (x/4 QPSK), for detecting the phase of said receive signal
by comparing the phase of said receive signal and that of a reference signal whose
frequency is substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been

detected, to give a phase signal in a parallel signal form every time a clock signal,
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correction. Therefore, imediately after the start of ﬁﬁééérv?#é 5 Eﬁ
signals r, the value of the weight coefficient v is|sdt greater, and ift is
reduced to a snaller value after the conpletion of firdqu2ricyANr®©92 :
correction, when the correction value prM becones sngl lfer than a
prescribed level, to restrain the fluctuations of the' | ug prM
due to receiver noise. In particular, bylksetting th meiqhtinq coeffi ient
to 1l at the tine of receiving the first burst signal (the sane as
the first ' | ye. | l.aue e o f a

. . ?&Hﬁ@‘ohﬁiﬂu fiit dH@g@g%@%@@@r g ot of sgi &'}Sce&e Sighal hed'N aqsl fs £

be i medi ately rrecte any rec I've sign
being . positive integer) phases, is supplied;

delay means for generating a delayed phase signal by giving said phase signal a
delay equal to said symbol period;

phase difference detection means for generating a phase difference signal by
subtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase deciéion of said phase difference signal, wherein:

said receive signals are M-channel (M is a positive integer) time division multi-
access (TDMA) signals,

further provided with:

timing signal generating means, receiving a frame signal notifying the TDMA

frame switching of said receive signal, for generating said clock signal synchronized with
this frame signal, a sampling signal prepared immediately before the end of reception of
said TDMA frame, clear signal prepared between the preparation of said sampling signal
and the reception of said frame signal, and a channel number indicgting signal prepared
upon receptidﬁ of said frame signal;

decision error squaring means for generating the square of a decision error by
squaring the difference signal and the decision phase of said decision data;

N decision error adding means each for generating the sum of the squares of said
decision errors by adding the square of said decision error every time said clock signal of
the..corresponding phase is supplied and for clearing the sum of the squares of said
decision errors in response to said clear signal;

N decision error registers each for storing said decision error sum from the
corresponding one of said decision error adding means every time a sampling signal is
supplied;

M sampling phase registers for storing sampling phase signals for each of said

channels;
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and said channel number indicating signal; and

signal processing means further comprising input means for reading the sum of
the squares of said decision errors from each of said N decision error registers at the
generation timing of said sampling signal and receiving receive information indicating the
reception state of said receive signal; output means for writing each of said sampling
phase signals into said sampling phase register for the corresponding channel; wéighted
average decision error computing means for computing weighted average decision errors
resulting from the weighted averagiﬂg of the N sums of the squares of said decision
errors, which have been read out, and of the N sums of the squares of said decision errors
in the preceding adding -periéd with a vf/eighting coefficient corresponding to said receive
information; and computing means for sending one of the phases of said clock signal,
corresponding to the smallest value of the sums of these weighted average decision errors
to said output means as said sampling phase signal.

According to yet another aspect of the invention there is disclosed a data
demodulator provided with:

phase detection means, for detecting the phase of a receive signal of an M-
channel (M is a positive integer) time division multi-access (TDMA) formula having
undergone differential phase-shift-keying (DPSK) by comparing the phase of said receive
signal and that of a reference signal whose frequency is substantially equal to K (K is a
poéitive integer) times the center frequency of said receive signal, and sampling the phase
of said receive signal, and sampling the phase of said receive signal, which has been
detected, to give a phase signal in a parallel signal form every time a clock signal,
resulting from the division of the symbol period of said receive signal into N (N is a
positive integer) phases, is supplied;

delay means for generating a delayed phase signal by giving said phase signal a

delay equal in length to said symbol period;



figure shows the second technique for correction valug...conputati-en- The
signal processor 107B reads out the decision errof Eiim.eb2:framifhe
decision error register 126 at tl, the ending ti F—FDh-stgnals on t he

M h channel (step 21). The signal processor 107B th néqmﬁﬁe h
channel correction value prM correspondi q% to the |d¢ci%si r ebp from
0

the correction data register 125-M and ‘Conput es val ue
prMby Fornula (4), wusing the read-out correctionj|value prM the deEl si on
error sum eb2 anghiseediffetrios | ddekchiofs frhéams &6k %énéﬂﬁ P e l
prepared in response to the receive information inf and varies over
(step 22). sibtraetihy said idelayed phase signal fremvaidlphale sigaileand he new correct l on
value prMinto the correction data register 125-M (step 23).

decision means responsive to said phase difference signal for generating decision

data, which is the result of the phase decision of said phase difference signal,

further provided with:

subtracting means, inserted between said phase difference detection means and
said decision means, for subtracting from a phase difference signal generated by said
phase difference detécting means a correction value for correcting the D.C. offset of this
phase difference signal, and supplying the corrected phase difference signal to said
decision means;

decision error detection means responsive to the phase difference signal from said
subtracting means and to said decision data for detecting the difference between the phase
of said phase difference signal and the decision phase of said decision data;

decision error adding means for generating the sum of said decision errors by
adding said decision errors in the period of the supply of channel number indicating
signals every time said clock signal is supplied and for clearing the sum of said decision
errors in respbnse to a clear signal;

a decision error register for sampling the sum of said decision errors at the
timing of a sampling signal which is supplied, and storing said decision error sum;

M correction registers for storing said correction value for each corresponding
TDMA channel for said receive signals;

) a selector for selecting said correction value from one of said M correction

registers as indicated by a channel number indicating signal; and

signal processing means further comprising reading means for reading said
decision error sum out of said decision error register, computing‘means responsive to the
read-out decision error sum for computing said correction value for each of said TDMA
channels, and correction value storing means for storing these correction values into said

correction registers for the respectively corresponding channels.
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FIG 7,

The flow described so far is repeated in
signals on every channel. Since the data de
whi ch is another preferred enbodi nent of

WLAGWFMT I‘SHEI:T )
t fre—present - enti on,

whol Iy consists of digital circuits as stated abpvp #H@Eﬁﬁ ermts
fr

| arge scale integration and dispenses V\n{; adj usy nmgn

S y TDMVA} cl
data d2 with the least error rate can be obtai net for every channe].

Furthernore, the AdcoRling to yet another aspect of the inv

drift

corrected instantaneously on ev

ere is disclosed a data
demodulator provided with:

phase detection means, receiving a receive signal of an M-channel M is a
positive integer) time division multi-access (TDMA) formula having undergone w/4-shift
quadrature phase-shift-keying (n/4 QPSK), for detecting the phase of said receive signal
by comparing the phase of said receive signal and that of a reference signal whose
frequency is substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receivé signal, which has been
detected, to give a phase sigpal in a parallel signal form every time a clock signal,
resulting from the division of the symbol period of said receive signal into N (N is a
positive integer) phases, is supplied;

delay means for generating a delayed phase signal by giving said phase signal a
delay equal in length to said symbol period;

phase difference detection means for generating a phase difference signal by
subtracting said delayed phase signalﬁfrom said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal,

further provided with:

timing signal generating means, receiving a frame signal notifying the TDMA
channel switching of said receive signal, for generating said clock signal synchronized
with this frame signal, a sampling signal prepared immediately before the end of reception
on .s'aid TDMA channel, a clear signal prepared betwéen the preparation of said sampling
signal and the reception of said frame signal, and a channel number indicating signal
prepared upon reception of said frame signal;

subtracting means, inserted between said phase difference detection means and
said decision means, for subtracting from a phase difference signal generated by said

phase difference detecting means a correction value for correcting the D.C. offset of this



constant for this frequency drift correction can be 1] T
according to the reception state of receive signal sm&%gﬁﬁﬁﬁ ency
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subtracting means and to said decision data for.detecting the difference between the phase
of said phase difference signal and the decision phase of said decision data;
decision error adding means for generating the sum of said decision errors by
adding said decision error in the period of the supply of said channel number indicating
-signals every time said clock signal is supplied and for clearing the sum of said decision
errors in response to said clear signal;
a decision error register for sampling the sum of said decision errors every time
said sampling signals supplied and storing said decision error sum;
M correction registers for storing said correction value for each corresponding
TDMA channel of said receive signals;
a selector for selecting said correction value from one of said M correction
registers as indicated by said channel number indicating signal; and
signal processing means further comprising reading means for reading said
decision error sum out of said decision error register, computing means responsive to the
read-out decision error sum for computing the average of the sums of said decision errors
in each frame period of said TDMA signals and adding said average to said corrected
value stored in said correction register of the corresponding TDMA channel to give a new
correction value, and correction value storing means for storing these_ correction values
intd lsaid correction registers for the respectively corresponding channels.
According to yet another aspect of the invention there is disclosed a data
demodulator provided with:
phase detection means, receiving a receive signal for detecting the phase of a
receive signal of an M-channel (M is a positive integer) time division multi-access
(TDMA) formula having undergone n/4-shift quadrature phase-shift-keying (n/4 QPSK),

by comparing the phase of said receive signal and that of a reference signal whose
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pronptly achi eve said synbol synchronization and ency
drift into a normal reception state on every. TDMA |c to
r epr oduce denodul ated data in a nornal receptlon stjate wth a Iom/error
rate even in the presence of much noise. Al t houghr—the—Tmventton has

been descr ifR@ded¥yti substantially equal to K (K is a positive integer) times the center frequency of

said receive signal and sampling the phase of said receive signal, which has been detected,
.to give a phase signal in a parallel signal form every time a clock signal resulting from the
division of the symbol period of said receive signal into N (N is a positive integer)
phases, is supplied;

delay means for generating a delayed phase signal by giving said phase signal a
delay equal to length to said symbol period;

phase difference detection means for generating a phase difference signal by
suﬁtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal:

further provided with:

i timing signal generating means, receiving a frame signal notifying the TDMA
channel sWitching of said receive signal, for generating said clock signal synchronized
with this frame signal, a sampling signal prepared immediately before the end of reception
of said TDMA frame, a clear signal prepared between the preparation of said sampling
signal and the reception of said frame signal, and a channel number indicating signal
prepared upon reception of said frame signal;

subtracting means, inserted between said phase difference detection means and
said decision means, for subtracting from phase difference signal generated by said phase
difference detecting means a correction value for correcting the D.C. offset of this phase
différence signal, and supplying the corrected phase difference signal to said decision
means;

decision error detection means responsive to the phase difference signal from said
subtracting means and to said decision data for detecting the difference between the phase
of said phase difference signal and the decision phase of said decision data;

decision error adding means for generating the sum of said decision errors by

adding said decision error in the period of the supply of said channel number indicating



H
[}

reference to specific enbodi nents, this descriptionis not neant to be
construed in a limting sense. Various nodifications of the disclosed
enbodi nents, as well as other enbodi ments of the invention, will becomne
apparent to persons skilled in the art upon reference to the description
of the invention. It is therefore contequqted that the appended cl ai ns
w Il cover any such nodifications or enbodinents as fall within the true

scope of the invention. _
-40-  CLAI dinal is every time said clock signal is supplied and for clearing the sum of said decision

errors in response to said clear signal;

a decision error register for sampling the sum of said decision errors every time
said sampling signals supplied and storing said decision error sum;

M correction registers for storing said correction value for each corresponding
TDMA channel of said receive signals;

a selector for selecting said correction value from one of said M correction
registers as indicated by said channel number indicating signal; and

signal processing means further comprising reading means for reading said
decision error sum out of said decision error register and receiving receive information
indicating the reception state of said receive signals, cdmputing means for correcting the
average of the sums of said decision errors read out in each frame period of said TDMA
signals with a weighting coefficient corresponding to said receive information and adding
this average to said correction value stored in said correction register of the corresponding
TDMA channel to give a new correction value, and correction value storing means for
storing these correction values into said correction registers for the respectively

corresponding channels.

[ REPLACEMENT SHEET




1. A data denodul ator provided wth: phase detection neans for
detecting the phase of a receive signal having undgf ' |
phase-'shift-keying (DPSK) by conparing the phase of js&EBLAGERHNTeSHERTgMa
and that of a reference signal whose frequency is sybqrantiatty-equal
(Kis-a positive integer) tines the center frequendy of%\Ba‘iéﬁNrggfi

signal, and sanpling the phase of said receive signalf, i ﬂ b

detected, to give a phase signal in a parajgel signgl L4orm-every 1] a
clock signal is supplied, resulting fromthe divisign of the synbol eriod
of said receive signal into N(Nis a positive intederyphases—Ts y
~suppl i ed: 3REEF BDESEREBS TP Or09RE Sdisicd del ayed phase signal by

gi ving said phase signal a deTay equa mﬁfgngth to said synbol period;

phase difference det ectisoabbRénteritiongen@idicithgr aolpfds dEédengcandi gnal
by subtracting said del ayed phase signal from said phase signal; and
deci si on neans r e3pvrRtagest of stiel priegsat dinfvieatéar evishlgkgcotermeyener at i ng

decision data, which is the resul f the phas eci sigon _of said phase
di fference signal ,‘P?Tﬁ?rh‘e%rmﬁr (fté’&?ﬁﬁ’?‘ﬁ %8 eseripeion When

taken in conjunction with the accompanying drawings,
wherein:

FIG. 1 ié‘a block diagram of a preferred embodiment
of the invention;

FIG. 2 is a chart showing tﬁe values of the phase
difference signal p3, the decision data dl and the square -
ea of the decision error in the embodiment illustrated
in FIG. 1;

FIG. 3 is a timing chart of signals in the embodiment
shown in FIG. 1;

FIG. 4 is a detailed block diagram of the signal
processor 107A in the embodiment shown in FIG. 1;

"“ FIG. 5 is a flow chart showing one of the operations
of the signal processor 107A illustrated in FIG. 4;

FIG. 6 is a detailed block diagram of the signal
sampling circuit 111 in the embodiment shown in FIG. 1;

FIG. 7 is a block diagram of another preferred
embodiment of the-invention;

FIG. S is a chart showing the values of the phase
difference signal gi, the decision data dl1 and ﬁhe decision
error eb in the embodiment illustrated in FIG. 7;

FIG. 9 is a timingiﬁhart of signals in the embodiment

shown in FIG. 7; and
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deci sion error conputing neans responsive to sai ghase~d+i el si gnal
and said decision data for conputing a decisionfelr on the bagi g of the
di fference between the phase of said phase diffegregn 134%@97% he
deci si on phase of said decision data; N Hetision error i ng nmeans

each for generating a decision error sumby add} ng said decision ferror
every tine said clock signal is supplied and fortTteatrg-said__ddci sion
error sumin response to a clear signal;-19- N deci sion error

regi sters each for storing said decision error sumfromthe corresponding

one of said decision error addin% means every tine a sanpling signal is
suppl i ed; a FH&npl? nlf ghadev rdirdt 8pOYT on6r PRgERABPEFAGLIPPaSe

data by sampl i gL HARRLFORCBACE (0B phECE T HARCAD o by eai d ol ock

signal and said sanpling phase signal; and

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIGS. 1, 2 and 3 together, this data
demodulator constitutes part of the base station apparatus
of a digital cellular telecommunication system of a TDMA
formulé. This base stétion apparatus includes a transmitter
" unit (not shown) for transmitting M-channel TDMA signals,
a receiver unit (not shown) for receiving =/4 QPSK signalé
of ‘the 800 MHz band transmitted over a designated channel
among the M TDMA signal channels, and ajcontrol unit (not
shown) for controlling said transmitter: unit and receiver
) unit. The high frequency section of said receiver unit
converts the received % /4 QPSK signals into receive
signals r of an intermediate frequency (455 kHz, for
instance) band. The data demodulator receives this
=/4QPSK-modulated receive signals r at an input terminal

100.

The data demodulator, wholly consisting of digital
circuits, includes phase detector 101, delay circuit 102,
phase differenée detector 103, decision circuit ‘104, and
reference signal generator or oscillator 105 for generating
a reference signal fr of a frequency substantially equal
to K (K is a positive integer) times the center frequency

of the receive signal x, all known means to persons skilled
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- 41 - si gnal processing nmeans further conprising readi ng nmeans
for reading out said decision error sumfromeach of said N decision error
regi sters, sanpling phase conputing neans responsive to each of these
decision error suns for conputing said sanpling phase signal by a
prescribed computing techni que, and storing nmeans for storing said
sanpling phase signal into said sanpling phase register. 2. A dat a
denodul ator, as clainmed in claim1, wherei®)said receive signal has
undergone [err]/4;shift quadrature phase-shift-keying ([err]/4 QPSK). 3.

A data denodul ator, as clainmed in claim 1, wherein said decision error

conputing neans ifn Q8@ §EON fHObhE gkl dtrgtoR A Phpasneatiaker6ah d
decision error by squaring the difference between the phase of said phase
di fference si gnalofarikhet hecelb siignal phasmmoths ainpudetesniomldanl. tok A
data denodul ator,_as clained in claim 1, wherein said decision error

conputing neans i XCHs dRYE L RO, SeERFIERgPIASH Off She greRaiYei fdTRa &

deci sion error byby comparing the zero cross point of this wave-shaped
receive signal r and that of a signal resultinglfrom the
frequency division of the reference signal fr by K. The
phase detector 101 further samples this detected phase N
times per symbol (period Ts) of the receive signal r with
N-phase (N is a positive integer) clock signals clk, i.e.
cl, ..., cN, from a timing signal generator 106A; and
gives this sampled detected phase as the phase signal pl
of the receive signal r. Thus, the phase detector 101
outputs N-phase signals pl per symbol in numerical data
in a pdrallel form in response to the receive signal r,
the reference signal fr and the clock signals clk. The
accuracy of the.phase detection of the receive signal r
by tha phase detector is 2% /K radians.

The phase signal pl is supplied to the delaylcircuit

102, which generates a delayed phase signal p2 by dglaying
the phase signal pl by one symbol. The phase difference
detector 103 generates a phase difference signal p3 by
subtracting thé delayed phase signal p2 from the phase
signal pl (p3 = pl - p2). The phase difference signal p3
is the difference between the phase signal pl earlier by
one symbol (the delayed phase signal p2) and a newly

received phase signal pl, i.e. a signal resulting from

. a1
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corrput_iing the absolute value of the difference betved®tPLAGEMESE0fr ai d

phase difference signal and the decision phase of |s Ston--dat 4. 5.
A data denodul ator, as clainmed in claim1, further proxgclejl Wi th titmfng
signal+ generating neans for generating said clock|silgral’, AN 9% a i ng

signal -and said clear signal. 6. a data denoqul r—as_claifeg in
claim1, wherein said signal processing medhs i s piovi ded wi t h:
i nput/output (1/Q nmeans for reading said deci sion Error—stmf+om-each of
said N decision error registers in a prescribed period and witing said
sanpl i ng phase sidglaleddetectabf SEMNPI|7 NMorhesRcLEgtSd fecedRd signal r.
conputi ng neans responsive to said N decision error suns, which have been
read out, for serf@engeehsiasf ciheuphdddscofparsisdtbeoplkasy gafferenamid |/ 0

means as said S%ﬁ%hé?%ﬁ?@%ﬁﬁ gléggﬂétermined value, and generates

decision data dl of a two-column four-value signal (see

FIG. 2). Thus, the decision circuit 104 determines which
of four ranges including (—irto.-z/Z) r (-=/2 to 0), |
(0 to #/2) and (x/2 to =) the phase difference signal p3
belongs to, and generates decision data dl corresponding

‘ to the defined range, i.e. (1, 1), (1, 0), (0, 0) or (0, 1).
Here, N pairs of decision data dl are generated per symboi
bf the receive signal . )

The constituent elements which characterize this
preferred embodiment will be described below. Here,
timing signal generator 106 receives a frame signal é
from the control unit o% said base station apparatus every
time the receive TDMA channel (frame) is switched (times
t2 and t6), and generates a charnel number indicating

.sigﬁél ch synchfonized with the frame signal £, a clock
sigﬂai clk, a clear signal clr and a sampling signal load
(see FIG. 3). Thus, the timing signal generator 106
generates the qlock signal clk beginning at the switching
times t2 and té of the TDMA channel, the channel number
indicating signal ch upon reception of the frame signal £,
the sampling signal load at the final ones of tﬁe reception
timing for a specific TDMA channei (times tl and t5), and

the clear signal clr immediately after the generation of

the sampling signal (times t2 and t6).



-42 - 7. A data denodul ator, as clained in r.ei.n said
conputing neans sends said clock signal phase cpr %éﬁbhdlﬁbkr@ 1 hi
smat | est val ue of said decision error sumas sa d"EEWﬁTTﬁU“ phase isi gnal
8. ‘A data denodul ator, as clained in claim7, whe rﬁl ﬁ%ﬂ / @ nmeans
further receives receive information indicatin he recept tgte of
said receive signal, and said conputing neans furthe+—+s~¢espnjsive to
said receive information for correctingssaid dgcision error sumsjwith a
wei ghting coefficient corresponding to“Said receive 1nformatien— and
sendi ng sai d cfock signal phase indicating the snallest val ue of these

ted d d | A dat
ol ator e o 2 it e Reglr el TPr QS Aron, Bt 0 mestertstorron
sumus the vei ghtsd ayer %ﬂ\%&fxa gadnsieﬁes' QM?éd{ heSUBLd Bfe LAEnRISGEI NG

addi ng period and of a ed sum of ~sai ecision errors.
are consecutive. 1In this case, the timing signal generator

—

106 does not generate the channel number indicating signal
ch, but generates the sampling signal load and the clear
signal clr in prescribed periods, here in the same frame
periods Tf as when tﬁe receive signals r are M-channel
TDMA signals.

Decision error squaring circuit 112 generafes the
square ea of the decision error in response to the ﬁlphasé
phase difference signal,gz'and the decision data dl (see
FIG. 2). Thus, the squares of the differences between
decision phases -3%/4, -%#/4, ®/4 and 37/4 radians
respectively corresponding to the decision data dl (1, 1),
(, 0), (0, 0) and (0, 1) and the phase represented by
the phase signal p3 are obtained at the output of the
circuiéxllz in the felationship of correspondence shown
in FIG. 2. When the receive signal r is a =/2-shifted
BPSK signal, the decision circuit 104 decides which of
the two rahges (-7to0) and (0 to=x ) the.éhase difference
signal gi belongs to, and generates a decision datum 4l

" corresponding io that range, i.e. (1) or (0). Thefefore,
the decision phase corresponding to the decision data 4l
of the ®/2-shifted BPSK signal are'—x/2 and @ /2 radians.

Each of N square error adders 113-1, ..., 113-N adds

the square ea of the decision error every time a clock



10. A data denodul ator, as clainmed in Caim?7, wherein said sanpling
means conpri ses: a first selector contrpl [1 nunber

i ndicating signal to select one of said sanpling}p QQAE¥M§NF@ﬁ@B? a
second sel ector controlled by said sanpling phase s gnal from sai i rst

sel ector - to select one of said N-phase clock sigha s,2 AN 1997 a
‘sanpling circuit for generating said synbol rate HeTDduIated dat aj b
‘sanpling said decision data with the clock” 33gna sel ected by sail d-second
selector. 11. A .data denodul ator provided with phase

det ecti on means, receiving a receive signal having undergone [err]/4-shift
quadrature pha_se-shlsfi%ngfydlng LLersd /e FSKle dRiredBb8eidN@nbbE P:@%%%e@gﬂ
sai d receive signal y comparing thephase of said receive signal and that
of a reference signab yhosmtef Hequenny eirsosUhstsaetilal | y. egall &md Klekrss a
positive integer) tines the center frequency of said receive signal, and
sanpling the phase Ghes%ﬁq}ﬁa9§ePV§°%|%ﬁmﬁlEE%M'T%1 haaN jran igeveking oft she

give a phase signal ip.2 farahl gl ST 983l afQIIBAYRLYoE MEePeBL 00K ST QIR

are stored into square error registers 115-1, ..., 115-N,

which sample the decision error sums eal, ..., eaN at the
timing of the sampling signal load (time tl), and suﬁply

‘ the sampled decision error sums esl, ..., esN to signal
processing means 107A. The data_génerated by the square
error adders 113-1, ..., 113-N are.acceptable if they aré*
based on the decision errors (pl - d41) in ﬁhe different
phases of the clock signals clk. Thefefore, the decision
error squaring means 112 may be replaced with decision
error detection means generating the absolute values iof
the decision errérs (pl - 4dl).

The signal processing means 107A responds to thé

decision error sums esl, ..., esN which have been read
out and to reception information inf from said control
unit, and calculates a sampling phase signal sl by a
sampling phase caleculating technique to be described
below. This sampling phase signal sl, which'is instructing
information to-have signal sampling means lll'sample the
decision data dl in a selected phase of the clock signal
clk, indicates the phase number of the.clock signal clk.
The signal processor 107A writes the sampling phase signal

sl into a sampling phase register 11l4-1l. The signal
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resulting fromthe division of the synbol period of said receive signal

into N(Nis a positive integer) phases, is supplied, ay
nmeans for generating a del ayed phase signal by gl%i@%ﬁg gm@ﬁaggdﬁl nal a

delay equal in length to said synbol period;
detection neans for generating a phase difference
sai d del ayed phase signal fromsaid phase signa
nmeans responsive to said phase difference si

data, which is the result of the phase decis n of
signal, further provided wth: timng s
for generating a sanpling signal, a clear signal

rgnce
5i jgna radti ng
Anf 2 1 JAN 9 deci si on
fprigenerating ddcilsi on
sal d phase differjence

Lgnal generati-rg-eans

sampling circuit 111 samples the decision data dl at a
timing (in a phase) instructed by a clock signal clk and
the sampling phase signal sl from the phase register 114-1,
and generates at an output terminal 200 demodulated data d2
at a symbol rate resulting from the optimizing adjustment
of the symbol synchronism phase. Incidentally, since "2"
is.written in the phase register 114-1 on the TDMA channel
"1" in FIG. 3; the symbol synchronism timing of the
demodulated data d2 is the second phase of the clock
signal clk (times t3 and t4).

- ﬁith further reference to FIGS. 1 through 3, the
operation of the preferred embodiment which takes place
when the receive signal r is an M-channel TDMA signal will
be described below.

The data demodulator for demodulating M-channel TDMA
s;gnals is provided with M sampling phase registers 114-1,
.;., 114-M cbrresponding to the number of channels, M.

The signal processor 107A calculates a sampling phase

nunmber Ei (i is an integer neither smaller than 1 nor
greater than M) in response to the decision error sums

esl, ..., esN read out at every timing of reception end

and to the receive information iﬁi, and writes this sampling
phase signal sj into the sampling phase register 114-j for
the ith channel. Thus, the sampling phase registers 114-1,
+<-, 114-M write sampling phase signals sl, ..., sM of the

respectively corrgsponding TDMA channels. The signal



and said cl ock si gnal ; decision error squaryp NEANS: T0r -~
generating the square of a definition error by sqjavﬂﬁé”ﬁﬁ *

et Qif el ence
bet ween t he phase of said phase difference signal @angl the decisionj phase
of said.decision data; N deci sion error agdin® felN1999ch; f pr
generating the sumof the squares of decision errgr$ by adding the kquare
of said decision error every tinme said clock signaf of—tteTorrespondi ng
phase is supplied and for clearing the sumof the $quares of said dpcision
errors in response to said clear signal; . N deci sion error

regi sters each for storing said decision erfor sumfromthe corresponding
one of said decision error adding neans every tinme a sanpling signal is
suppl i ed; a sanpling phase register for storing sanpling phase

si gnal s; samplimy aiegnstf bkl geneles ithy dpabseion sesaddhnttultieed

data by sanpling said _decisiqgn data in hase indicated. by said cl.ock
si gnal “and sai d safpPPhiPHIFdSEng; tﬁfgﬁatgﬁde e samP:g}%ﬁha%?ogﬁé%nsr}e%gg%eans
further conpri si ng LEO. DBANRS o0k F B AAnhEP riktiDef iddicating signal ch

and by a clock Signal clk. The TDMA channel "1" in FIG. 3

D

indicates the symbol synchronism timings of the demodulated
data 42 when "2" is written in the phase register 114-1
(times t3 and t4), and the TDMA channel "2" shows the
symbol sfnchronism timing of the demodulated data d2 when
"N" is written in the phase register 114-N (time t7).
Referring now to FIG. 4, the input/output (x/0) portl
202 of the signal processor 107A reads out the decision
error sums esl, ..., esN from the square error registers
115-1, ..., 115-N, respectively, upon completion on every
TDMA channel. These decision error sums esl, ..., esN
are separately stored in N x M decision error storing
memories 205. A microprocessor (CPU) 201 computes the
optimal sampiing phase signal sj for each TDMA channel in
response to one or another of these decision error sums
esl, ..., esN, and writes this sampling phase signal sj
into the sampling phase register 11l4-j for the corresponding
TDMA channel via the I/0 port 202. The CPU 201 operates
in accordance Qith a program stored in a program ROM 203.
One of thé techniques to compute the optimal sampling
phase signal sj for the decision data dl is suitable for
use when it is desired to subject a receive signal r in

a burst state (burst signal) to symbol synchronization
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squares of said decision errors fromeach of said N fgegi3], l
registers in a prescribed period and witing said sp Fiﬁgg%ﬁgégh§?5 al
into said sanpling phase register, and conputing mepng for sending jone of
t he phases of said clock signal, corresponding to thg 2 1 JAN 1997
-44 - smal | est val ue of the squares of said decisipnjerrors anong fthe N
suns of the squares of said decision errors, which haVveeen—Tead outj to
said input/output (1/0O neans as said sanpli26ig phasg signal. 12. |

dat a denodul at or prqvi ded with: phase detection neans, receiving a
recei ve signal having undergone [err]/4-shift quadrature

phase-shi ft-keying (& rdv=d+BEecdfiicdet amenn@h&hs?mgr%r spddl seegi ve
signal by conparing the phase of said receive signal and that of a
reference signal whds®1l, ..., 115-N sample the decision error sums esl, ...,

esN, respectively, the signal processor 107A reads out
these decisioh error sums esl, ..., esN to find out the
smallest decision error sum esi. The timing of the clock
signal clk for the square error register 115-8 to give
thfé.smallest sum esi, i.e. the phase of the ith phase
clock signal ci, is selected as the optimal sampling phase
for the decision data dl. This method to compﬁte the
optimal sampling phase signal si is épplicablegirrespective
©f whether the number of TDMA channel(s) is one or more.
Another technique to compute the optimal sampling
phase si is suitable for use when the receive signal r is
a TDMA signal. This is based on the fact that the drift
of the optimal sampling phase signal si is extremely small
between burst signals in which TDMA signals of the same
channel adjoin one another. The signal processor 107A
finds out a new sampling phase signal si by subjecting
the past sampling phase values si and a newly computed
sampling phase signal si to weighted averaging instead
of computing an entirely new optimal sampling phase signal
si for each'sémple of the decision error sums'gii,....,
esN. Thus, the.signal processor 107A coﬁputes a weighted
average decision error wesi for each of the first to the
Nth phases by Equation (1), and selects as the new sampling

phase signal si the phase of the clock signal ci of the



frequency is substantially equal to K (Kis a positive integer) tines the

center frequency of said receive signal, and sanpli e of I d
receive signal, which has been detected, to give a pﬁ?ﬁég‘s{r&gﬁ@fsﬁ#a
parall el signal formevery tine a clock signal, resjulting fromthe

di vision of the synbol period of said receive signaljint@ NJAN 1997a
positive.integer) phases, is supplied; del ay jmeans for gendrgting
a del ayed phase signal by giving said phasesignal & deray equar—T1 ljength
to said synbol peri od; phase difference detlection neans for

generating a phase difference signal by subtracting said delayed phase
signal from said pRasersiedRak: r8hter 115-1 WHEEhS§ LR TRABS shLPRAULS W¥EuL O

sai d phase differenCe signal for generating decision data, which is the

result of the phasefdetiswetnghted avbrpbasdedisibarence seghal , further

provi ded with: . timng signal generating means for generating a

sanpling-signal, aveskdr {lsfFigﬁa‘ﬁiOfarﬁ}'@éi g le§d k «s¥ ghalvalue stored dacj sjon

error squaring means for generatling the square, ofo.f 4884 S! oL-8M°" .Y )
whexre 0 = the weighting coefficient w £ 1.

By this sampling phase computing method, the greater
the weighting coefficient w, the sooner the symbol
synchronization. Therefore, the value of the weighting
coefficient w is set greater immediately after the start
of reception of receive signals ¥ on a given channel and,?
after completion of the synchronization, it is reduced to
a smaller value to restrain fluctuations due to noise
superimposed on the receive signals r. When no receive
signal r is received, the square error memories 205 are
cleared and, when the reception of receive signals r is
to begin, the sampling phase.signal si is determined
sdielf on the basis of the value of the sgquare error
register 115-i. As a result, the symbol synchronization
of burst signals r with short preambles is accelerated
in this data demodulator. The CPU 201 varies the weighting
coefficient w in response to the receive information inf
notifying the étate of the reception of said receive
signals r from said control unit and to the software
program of the program ROM 203. Incidentally, éince it

is undesirable to let the square error memories 205 to be

cleared by any instantaneous interruption of the receive



squaring the difference between the phase of said phasg
and t he.deci sion phase of said decision data;

addi ng nmeans each for generating the sum of the squarg
errors by adding the square of said decision error evp
signal of the corresponding phase is supplied and fof

CRERLACEWBHE € 4E gl
FN-dectston e

|t

urh of

the squares of said decision errors in re;&pnse to sphid clear signal

45 - N deci sion error registers eath for sto
error sumfromthe . correspondi ng one of said decision
every tine a sanpling signal is supplied; a

ry—sarddecrstor
error addi ng neans
sanpl i ng phase

register for storinggnalpt) NhepBagRabig@dakssor 107A requires protecting

means to prevent the sguare error memories 205 from being

cleared and the sampling phase signal si from varying

abruptly in time of instantaneous interruption of the

receive signal r.

Known means can be utilized for the collection of

aforementioned receive information inf. Thus, said

receiver apparatus detects the receive field intensity of
the = /4 QPSK signals received and, if this receive field
intensity is above a prescribed level, will supply the .
receive information inf to the signal processor 107 via
said control unit. If the receive signals r include any
sync signal, sync signal detecting means known to those
skilled in the art will transmit the receive information
inf upon detection of said sync signal. Or, if the receive
signals r are in the form of error detection codes, the
error detecting means Sf said receiver unit will transmit
the receive information inf upon detection of said error
detection codes. Or, said control unit will trahsmit

the receive information inf upon detection of a signal
expected in advance. As described above, since various
means are available for judging whether or not signals are
being received, said radio apparatus can use a suitable

one of them for this data demodulator to supply the receive
information inf to the signal processor 107A.

Referring to FIG. 5, this flow chart shows the second
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sanpling neans for generating symbol rate denodul at ga—tdata—by—samting said
deci sion data in a phase indicated by said clock sign&WPhﬁﬂmﬁéﬂdﬁgﬁﬂbFing
phase signal; and si gnal processing nmeans flurfiher conpri Singji nput
means for reading the sumof the squares of said decisigg gAgop§7frow1each
of said N decision error registers in a prescribed|pgrio receijvifng
receive information indicating the recepLLQB_state at-t—t+eeet+ve-sifgnal ;
out put nmeans for witing said sanpling phaSé signal f[into said sanpling
phase register; wekighted average decision error conpuiing neans 1or
conputing wei ghted average decision errors resulting fromthe wei ghted
averagi ng of the Netheqgaé fde compuaims the sanslidecpbprea. erTher SPUWRPEh have
been read out, and of the N sums of the squares of said decision errors in
the preceding addi ¥Rpdferrbddedifd onopprRENESheans 1 &N SETRITHS SAB2ET the
phases of said clock signal,, corr ndi ng the I t he
suns of these wei gfted gsg}%ﬁ%rsdégﬁg Fon er r%?ss I\?’o ]%g? ékgﬁ‘%epl:?? lrérlgaglfsle as said
sanpling phase sigi@ of dSceptioh daldonlaneeet Al rDRAOYhaRkIM (R if its

phase detection neans, for detecting the phase of a receive signal having
is the Mth channel) (step 11). The CPU 201 further reads

el
—h

out the contents of the decision error storing memories 205
corresponding to these decision errors esl, ..., esN (M-1,
..;, M-N if it is the Mth channel), computes the weighted
average decision errors gg§l,'..., wesN by Equation (1),
and stores fhese weighted average decision errors wesl, “
Neey yggg'into the decision error storing memories 205
'(M—l, «e., m-N) (step 12). The CPU 201 then computes the
sampling phase signal si (sM if it is the Mth channel)
corregsponding to the smallest value of the weighied average
decision errors wesl, ..., wesN (step 13). Finally, the
CPU éOl stores the computed sampling phase signal si into
the sampling phase register 114-3j (114-M if it is the Mth

channel) (step 14). This flow of sampling phase computation

-~

is repeated for each channel of the TDMA signals.._

Referring now to FIG. 6, a signal selector 253 of this
signal sampling circuit 111 selects one of the M éampling
phase signals él, ..., SM as designated by the channel
number indicating signal ch. Since the first through Mth
channels are used in repeated cycles for the TDMA signals,
the signal selector 253, every time thé channel number

indicating signal ch is entered, selects the sampling



or don | REPLACEM
~undergone differential phase-shift-keying (DPSK) by compart+tig t,ENTSHﬁgr

said receirve signal and that of a reference signal whosge fre uenc I S
substantially equal to K (Kis a positive integer) tingsjt 7
frequency of said receive signal, and sanpling the phasp f sald receije
signal ;- which has been detected, to give a gﬁpge signal{in a parallel
signal ‘formevery tine a clock signal, resulting fromtre—diwsian _of tHe
synbol period of said receive signal into N (N is a positive integer)

phases, is supplied, del ay nmeans for generating a del ayed phase
signal by del ayi n@whaaai dighasessi goal thdyhexte chghel; (supposed to be -jth
- 46- phase difference detection means for generating a phase

di fference signal dhannelbt fadlovgngareiulel Mied Thhiaseasplind fhama sdighajhase
signal; and sj is.used_as the control signal for another signal
selector 252, The signal selector 252 selects one of

N clock signals clk (cl, ..., cN), ci in this case, _
accérding to the phase number i indicated by the sampling
phase signal sj. A sampling circuit 251 samples the
decision data dl with the phase of the clock signal ci
selected as the optimal sampling phase, and generates
démodulatgd data d2 of the symbol rate.

) As deséribed above, the data demodulator, which is
the éreferred embodiment illustrated in FIG. 1, readily
perhits large scale integration and dispenses with
adjustment because it wholly consists of digital circuits.
As it optimizes the symbol synchronism phase for every
channel of TDMA signals, demodulated data 42 with the
leéSt error rate can be obtained for each channel.
Furthermore this data demodulator, which flexibly various
the technique to set the sampling phase signal si for the
decision data dl according to the contents of receive
signals r, can achieve quick symbol synchronization at
the time of starting the reception of burst signals and,
at the same time, realize the reproduction of data with
less errors in consecutive reception on the same TDMA

channel even if the the receive signals r are accompaniel

by much noise.



deci si.on nmeans responsive to said phase difference s"g'na-l'-fﬁr—geﬂrw tNg
decision data, which is the result of the phase dec|sRgHAGEMERT $H5RAS

di fference signal, wherein: said receive s{ghals are Mchahnel (M
is a positive integer) tine division multi- access { TPV 1SjANYGT

further. provided wth: deci sion error conpyting neans resppngsive
to said phase difference signal and said dédision dft! '

decision error on the basis of the difference betweeh the phase of sajd
phase difference signal and the decision phase of sal'd deCiSion data;

N decision error addin ans_each for eratin deci si [LOf,-sum.by
addi ng sard.decisipn.e%F%%r53gﬁyn?Y ° sard gVogkgggangﬁmgéﬁéké%ﬁi%&f@éﬁf%&ﬁd
clearing said —decisia LAt AN (RILPROIGLhArApeLedtrsd Wbodinent N
deci sion error registers each r storing sai ecrsion error sumfromthe
correspondi ng one off & préeens PAveRtdn AddkadtKeabfie e¥RéWn tilEF TG sanpl i ng
signal is supplied, M sanpl i ng phase registers for storing a
sanpl i ng phase si gitatluders phalkeofletacitbr 101 for receiving a receive signal

r having undergone = /4 QPSK modulation from an input
terminal 100, delay circuit 102, phase difference detector
103, decision circuit 104, reference signal generator 105
for generating a reference signal fr, and timing ;ignal
generator 106. This data demodulator further includes
. subtraction circuit 121 arranged between the phase

‘difference detector 103 and the decision circuit 104,I
and signal processor 107B, which is substantially similar
to its.counterpart in the embodiment shown in FIG. 1. The
signal processor 1l07B, though having ‘the same constituent
elements as the signal processor 107A, is different in the
way it processes signals as will be described below.

" If the center frequency of the receive signal x
differs from 1/K of the reference signal fr (i.e. if
the rgceive signal r has a "frequency drift"), a phase
differ;nce signal p3 will have a D.C. offset. If this
phase difference signal p3 having a D.C. offset is
directly supbiied to the decision circuit 104, the
decision circuit 104 will generate decision data dl
with many errors due to the D.C. offsef. To eliminate
this disadvantage, the subtraction circuit 121 subtracts

from the phase difference signal p3 a correction value pr



ghanngls; sanpling nmeans for generating synbol rate denodul ated
ata by sanpling said definition data in a phase indf ealnd ' ck
signal, said Msanpling phase signals, and a channel Qﬂﬁﬁggﬁ%ﬂﬁfgégém
si gnal.; and si gnal processing nmeans further {cgnprising readijn
nmeans for reading out said decision error sumfor edch o2 isdAN ¥dannells
fromeach of said N decision error register§2‘“sanplin phase conputifn
nmeans responsive to each of these decision error sung for ConpurImg said
sanpl i ng phase signal for each channel by a prescribaed_conputing
techni que, and stqring, nmeans for storing each ,of ' L0g_ Pk

P D FE R a et | s ST Sy 2 C82fected

signals into one t | agp registers.
-47 - phase difference signal p4 cleared of the D.C. offset due

to the frequency drift. This corrected phase difference
signal p4 is supplied to the decision circuit 104, which
generates decision data dl whose data errors due to said
frequency drift have been reduced.

Referrihg to FIG. 8 together, decision error detector
122 generates a decision error eb in response to the
corrected phase difference signal p4 and the decision
data dl. Thus, the decision phases corresponding to the
decision data d1 (1, 1), (1, 0), (0, 0) and (0, 1) are
-3%/4, -%/4 , /4 and 37 /4 radians, respectively.

Referring furthgr to FIG. 9 together, decision error
adding means 124 generates a decision error sum ebl' by
adding a decision error 'eb every time a clock sign;l clk
N times the symbol ratg, i.e. having N phases, is entered,
ané.clears the decision error sum ebl at a timing before
the start of reception on each TDMA channel (time t2 for
channel "1" and timg t6 for channel "2") in response to
a clear signal clr. The period during which the decision
error signals eb are added is one TDMA frame period
(period Tf). :Where clock signals clk in correct symbol
synchronism with the receive_signals r are obtained, the
decision error adder 124 can maintain an adequate level
of frequency drift estimating accuracy even if the decision
errors eb are added with clock signals clk of a period

equal to the symbol period (i.e. N = 1).
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14. . A data denodul ator, as clained in claim13, patrer e‘irr%,__& it elve
signal has undergone [err]/4-shift quadrature pha_eR REAGEMEDY | o [@rr]/4
QPSK). 15. A data denodul ator, as clainmed in cliaijm 13, wherei ai d

r

t

deci sion error conputing means is decision error siquar prgJAN887 f d
generating said decision error by squar_ig?_t he diflf e ence between
phase of said phase difference signal and the defipitromphase of sd d
deci sion data. 16. A data denodul ator, as claingd in claim 13, erein
said decision error conputing nmeans is absol ute value conputing nmeans for
generating said deci S RIJi1QHcRYer FORPIN D1t e ahpplite val saiadididtm

di fference between the phase of said phasedifference signal and the

deci si on phase oérse drelgitairon2€at @hicH samples dhbaddeipiion ae0rQr s
clainmed in claim13, further provided with timng signal _generating neans,
recei ving a franebkianathendtinfipgagof he Smi@l?aﬁﬁénagv\&%ﬁi heimgs stef d
receive signal, for generating said clock signal synchronized with this
frame signal, sa®f &ahplandg sipghaes €Bg £ QFﬁﬁéF?naﬁﬂr%ﬁiﬁ%I@gﬁel

nunber indicati ngo Séﬁgas!i.gnajfproceA datlaoﬂae.rmdul ator, as clainmed i n cl ai .m

e

17, wher ein: ssor

The signal processor 107B computes frequency drift
correction valueé prl, ..., prM for each TDMA channel
of the receive signals r as will be described below in
response to a decision error sum es3 that has been read
oﬁt and to receive information inf, and writes_these
correction values prl, ..., prM into respectively
correéponding correction data regisfers 125-1, ..., 125-M.
A sighal selector 123 selects the correction data register
125-j of the.jﬁh channel indicated by a channel number
indicating signal ch, and supplies the subtraction circuit
121 with the correction value prj stored in the cor;ection
da££ register 125-j as the correction value E;- Thus,

- referring to FIG. 9, the signal selector 123 supplies the
subtraction circuit 121 with the correction value pr = prM
at the timing of the reception of siénals on channel M
(until time t2), and with the correction vaiﬁe pr = prl
at the timing;of the reception of signals on channel "1"

(from time t2 through time ts). Since the switching of

the correction value pr by the signal selector 123 can be

accomplished instantaneously, this data demodulator can

immediately correct any frequency drift even at the timing
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said sanpling signal is prepared immediately before the end of reception of

said Teceive signal on each TDVA channel

Rgﬁg&l‘ﬁ%ﬁﬁr%%e&q? I(:eiptsi on

prepared between the preparation of said sanpling |si

of said frame signal; and sai d channel ndnfjer indicatingjsijgnal is
prepar éd upon reception of said frame signal. 19. 2A JANA9YE MYl at or
as clai-ned in claim 18, wherein said signal £ ocegdsiing neans furtgher

conpri ses: i nput/out put (1/ 0O means Yor rleadl ng sard dect sifon

error sumfromeach of said N decision error reg

ers every tine said

sanpling signal is supplied, and witing said sanpling phase signal into

sai d sanpling phass seditehehgf ofie tdteaiiy FoROREEBIVENEIIRALs L Efering

in frequency drift from one TDMA channel to another.
This quick switching of the correction value pr is

especially useful for a data demodulator which requires

‘switching of the correction value pr in a matter of tens

of microseconds as in a digital cellular telecommunication
system according to the above-cited RCS STD-27A (the bit
rate is 42 kbps( M= 3).

Next will be described the first techniqué for
computing the correction value,.suitable for ﬁfompt
éetting of the correction values prl, ..., prM at the
time of,.for instance, starﬁing thF reception of burst
signals r.

The signal processor 107B reads out, every time the
decision error register 126 samples the decision error
sum eb2, this decision error sum eb2, and computes the
averagehggi of the decision errors eb on this channel
(supposed to be the jth channel) in every fixed period,
which is one frame period Tf of TDMA signals here. Where
one frame period Tf consists of H symbols; the decisiop
error gg is added N x H times, and the average prj is
represented by Equation (2). The signal processor 107B
has, in its data RAM 204, M decision error storing memories
205, in which the decision error sums eb2 are stored on
a channel-by-channel basis.

prj = eb2/(N. H) cee (2)
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whi ch have been rggd ou?, for sendPng one of the phéﬁé@ﬂg%ﬁéfﬁéLEQBck
signal to said I/O neans as said sanpl i ng phase sig ) i

denoddt ator, as clained in claim 18, wherein said s
conputi ng neans sends said clock signal phase corres
val ue of said decision error sumas said s I ng 1 - .
A data denodul ator, as clainmed in claim18, wherein paid |/O neans furjther
receives receive information indicating the reception state of sald receive

signal, and i d uting ans further i spensive.tq said

receive information fo?l%ecg(rér?gl’cg:t P-ﬁé's"g?hcr}ﬂeicsl s‘ﬁ%%n_agﬁ?gégsgﬁséém lt%logl

wei ghting coeffi il GOEeBRORALRI LR SRidhe 1, CCebY¥EsEALE FRd iPL. Y¥Eset

sendi ng said cl ock signalphase indf"cating the snallest value of these

corrected deci si onpRintdtySwdcthe PRASe S@ifidrieicehasgnalgpal . 1P%his A data |

denodul ator, as clainmed in Caim18, wherein said corrected deci sion
average prj is obtained on, for instance, the Mth channel,

| | est

the correction value prM currently set for the Mth channel
will be deviating from the proper correction value by the
average prj. Therefore, the signal processor 107B adds
this average prj to the correction value prM stored in

the correction data register 125-M for the M-th channel

as indicated by Formula (3), and writes. the sum of this.\
addition into the correction data register 125-M as a

new correction value prM.

PrM < PrM + eb2/(N . H) eee (3)

If this new correction value prM is a sufficiently
corrected value, the corrected phase difference signal p4
on the Mth TDMA channel will thereafter have no D.C. offset,
anduthe Mth channel will be cleared of the impact of the
frequency drift.

Next will be described the second technique for
computing the correction value: suitable for correcting
frequency drifts of TDMA signals from the same communication .
partner statién {on the same channel).'

Center frequency fluctuations of receive signals ¢
being consecutively received.&n the same TDMA channel are
in many cases likely to belextremely small between adjoining

bursts. In such a case, if the correction value pr is
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error sumis the weighted average of said decision erro@E?HﬁT.ﬁ@It§WEET
precedi ng addi ng period, and of a newly added sum of saqrd-deciSion err ¢rs.
23. A data denodul ator provided with: phade jdet ecti on neans,
recei ving a receive signal having undergone [err]/4-sHifit 2qudlNAIU e
phase-shift-keying ([err]/4 QPSK), for detecting the ﬁhese of said regeilve
signal by conparing the phase of said recei¥e-signal |and that of a
reference signal whose frequency is substantially eq to K (K. is.a
positive integer) tines the center frequency of said receive signal, and
sanpling the phase_ of. said.teceiye.signal I ch has been. detected, t

give a phase signal®iiF% B4 aﬁlégmﬁgﬁﬁa$u§Q) e §P§°ffﬁ8té°E|6%ﬁé%?%ﬁ%f,
resulting fromth EVIRSY 0 i Iy Gyt | |

into N(Nis a pgfsﬁ%/lv ?%tt efgaeit)%ﬁ‘%gg’g%‘"’ ﬁ(;rreg%%r?l &eg?ﬁt 88?!;-8&:(1%1[)123?4 rrleuaens
for generating a dsf assd eRlkaseuskdnathdyadtiested Faudtihasensqaamtiey kel ay
equal in length to said synbol period; phase difference detection
means for gener at ifupcuentys drdiftbetrntlee Sxpsancky ofsmhthantdisg setaingialyayed

phase signal from sai-d phase signal; and _
receive signals r is likely to be reduced. Therefore,

according to this correction value computing technigue,
the correction value pr is computed with weighting by a
weighting coefficient v as indicated by Formula (4).
PrM < prM + (eb2 /(N-H)) + V¥
= prM + eb2 - vl eee (4)

Wwhere 0 = weighting coefficient v <1, vl = v/(N - H).

According to the second correction value computing
technique, the greater the value of the weightin&
coeffiéient v, the shorter the period of frequency drift
~correction. Therefore, immediately after the start of
regeiving burst signals r, the value of the weight
coe}ficienf v is set greater, and it is reduced to a
smaller value aftér the complétion of frequency drift
correction, when the correétion value prM becomes smaller
tha; a prescribed level, to restrain the fluctuations of
the correction value prM due to receiver noise. 1In
particular, bf setting the weighting coefficient to 1
at the time of receiving the first burst signal r (the
same as by the first correctiﬁn value computiné technicue) ,
the frequency drift can be immediately corrected. To

judge whether or not any receive signal r is being
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for generating decision data, which is the result of tHh
sai d phase difference signal, wherein: sai d reqeilve,si I r
M channel (Mis a positive integer) tinme division nulti- c%ésgﬂﬁﬂéwﬁ)_

si gnal s,

means, receiving a frame signal notifying t
receive signal, for generating said clock signal synchrd

deci si on nmeans responsive to said phase diﬁEPgr(ej@Q@Ts&;ml
e phase— t-St of

further provided wth: 7. timng 4 . ng
%e TDMA  frare switching of sai

frane signal, a sanpling signal prepared i mediately before the end of

reception of

21 £ed D] | UhordyOLRE! oSNl IERA SaCLBCR L I Eines

preparation of sald sanpling

and the reception of sai ranme

signal, and a chapped raylher tohdheakifS: Sh¥¥¥rred embodiment of FIG. 1

can be used, i.e. according to the receive information inf

d

supplied from the control unit to the signal processor 107B.

Incidentally, since it is undesirable to let the definition
error memories 205 to be cleared by any instantaneous
interruption of the redeive signal r, the signal processor
107B requires protecting means to pfevent the decision
error memories 205 from being cleared and the correction
value pr from varying abruptly in time of instantaneous
interruption of the.receive signal r.

Referring to FIG. 10 together; the flow chart of thié
figure shows the second technique for correction value
computation. The signal processor 1l07B reads out the
decision error sum eb2 from the decision error register
126 at tl, the ending time of TDMA signals on the Mth
chaﬁhel (step 21). The signal processor 107B than reads
the Mth channel correction value prM corresponding to the
decision error eb2 from the correction data register 125-M,
and computes a new correction value prM by Formula (4),
using the read-out correction value prM, the decision
error sum ggg'énd the weighting coefficient v (or V1)
which has been prepared in response to the receive
information inf and varies over time (step 22). Finally,
the signal processor 1l07B stores the new correction value

prM into the correction data register 125-M (step 23).



prepared upon reception of said frame signal; [T ST
squaring neans for generating the square of a deci;i%ﬂqzﬁFggkﬁ}”kgau%ring
the difference between the phase of said phase dif{efence signal ahd t he
deci sion phase of said decision data; N fleCi 9 PyAN 1997 apldﬁ ng

means each for generating the sumof the squares of paid decision e'érors

by adding the square of said.decision error-3very {il ifgnal of
t he correspondi ng phase is supplied and for clearipg the sum of the lsquares
of said decision’errors in response to said clear signal; N
decision error registers each for storing said decision error sumfromthe
correspondi ng oneTdf 3Py desrsibrd 59 diaraddi ngraehed BYethe theRePEi®anpl i ng
signal is suppli e%; . M sanpl i ng phase registers for storing

sanpl i ng phase si §rafSMpofigngts A0 S¥sFY ChaRRGEs: sanpl i ng neans

for generating synbol denoduyl at S | i | dee sion data
i n a phase indicated b%i‘}s‘gledg%? oé:j?(@as%(gjer’]nagﬁﬂggggﬁ %Fg‘é%‘r%’??%gd p Thse s é’rfal S,

which is another preferred embodiment of the present

invention, wholly consists of digital circuits as stated
above, it readily permits large scale-integration and
dispenses with adjustment. As_any frequency drift is
corrected instantaneously on every TDMA channel,
demodulated data-gz with the least:error rate can be
obtained for every channel. Furthermore, the\time
constant for this fréquency drift correction Ean be
flexibly varied according to the reception state of
receive signals r, so that frequency drift correction
can Le accomplished promptly at the time of starting the
reception of bufsﬁ signals r and with high resistance to
noise during.consecutive reception.

As hitherto described, data demodulators according
té.the invenﬁion readily permit large scale integration
and dispense with adjustment because all their circuits
including symbol synchronization circuits or frequency
drift correcting circuits are digitized. Since these
data demodulators flexibly vary the setting of the phase
adjustment parameter for symbol synthronism and the
correction parameter for frequency drift correction with
the signal processor 107A and 107B and by a plurality of

computing techniques includinglthe varying of the weighting



and sai d channel nunber indicating signal; and Rl ghalt %?6hé85|hg

means further conprising |I/O neans for reading the su11 e sguares
said decision errors fromeach of said N decision err ﬁ g&?@ t h
-50- . generation timng of said sanpling signal and B f sajd
sanpling phase signals : into said sanpling phase reg r—of fhe

correspondi ng channel, and conputi ng neans- §ot send
of said clock signal, corresponding to the smallest v
of said decision errors anong the N suns of the squares of said decision

errors, whi ch h gen read Qut., . to sald I al.d s
phase signal. %XSfP TR dar —d(?ﬁ*gdtﬂ aror prn(‘)é\/l(gl éj%rb%tn? £ Qe ggpe%ﬁgon
detection means, gegfl VdHGdi%eCisYGnat N 1AW HaWd8l0eRErhetElideshi Tt

of being able not only to promptly achieve said symbol

synchronization and correct any frequency drift into a
normal reception state on every TDMA channel but also..
to reproduce demodulated data in a normal reception state
with a low error rate even in the presence of much noise.
Although the invention has been described with
reference to specific embodiments, this description is
not meant to be construed in a limiting sense.. Various .
modifications of the disclosed embodiments, as well as
other embodiﬁents of the invention, will become aéparent
to persons skilled in the art upon reference to the
description of the invention. It is therefore contemplated
that the appehded claims will cover any such modifications
or embodiments as fall within the true scope of the

invention.



sai d receive signal the phase of said y el Xerisi: gnal rEhg t hat

quadratJure phase-shi-ft- 'k"'e"y'i ni\\é r]/4 QPSK), for detecting_ the phase.of
of a reference si g.lency i's substantiaf | y—eetrat—t %‘(Kus a

positive integer) t-he"‘ cent er frequency of sai recel V. and
sanpling the phase ‘of said receive si gnal , whi ch hasj} bge 2«“@@&2

give a phase signal in a parallel signal ?%rm every t{i a cl ock su:ln I,
resulting fromthe division of the synbol period of a|d receive sign

into N (N iGLAIMBbsitive integer) phases, is suppliet- det-ay—means

for generatjng angéllla ygd (ﬁ@ﬁ\%grgfogﬁad%ﬁmagl ving said phase signal a delay

equal to sakd sy se difference detection neans for

generating a phase dif e t d h
Signal from said st ABHRE P muf o %ﬁﬁ?aﬁl@ B8 ol relelyRY Sl 33ine
sai d phase |
result of tlﬁldgpg%hggﬁ%e%?@?ha%)g%gl ase éﬁ qul rer1cemgla%lﬁaIhagévxjrpﬁra’sra(ia(?S f]écgﬁle
sai d recei Vigori QR that3fea Mféﬂ%ﬁé@@ﬂgnﬂ'wvhéseafr&ﬁéhéy isesubBaf@Aly) edualMeo ® VK 55 @n
mul t.i - access (TDVA) signals,

positive integer) times the center frequency of said receive signal, and sampling the phase

of said receive signal, which has been detected, to give a phase signal in a parallel signal
form every time a clock signal is supplied, resulting from the division of the symbol
period of said receive signal into N (N is a positive integer) phases, is supplied:

delay means for generating a delayed phase signal by giving said phase signal a
delay equal in length to said symbol period;

phase difference detection means for generating a phase difference signal by
subtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal, further
provided with:

decision error computing means responsive to said phase difference signal and
said decision data for computing a decision error on the basis of the difference between
the phase of said phase difference signal and the decision phase of said decision data;

N decision error adding means each for generating a decision error sum by
adding said decision error every time said clock signal is supplied and for clearing said
decision error sum in response to a clear signal; |

N decision error registers each for storing said decision error sum from the
corresponding one of said decision error adding means every time a sampling signal is
supplied;

a sampling phase register for storing sampling phase signals;

sampling means for generating symbol rate demodulated data by sampling said

decision data in a phase indicated by said clock signal and said sampling phase signal; and
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and the deci sion phase of said decision data;
computing means responsive to each of these decision error sums for computing said

sampling phase signal by a prescribed computing technique, and storing means for storing
said sampling phase signal into said sampling phase register.
2. A data demodulator, as claimed in claim 1, wherein said receive signal has
undergone 7/4-shift quadrature phase—shift—keying (n/4 QPSK).
3. A data demodulator, as claimed in claim 1, wherein said decision errer
computing means is decision error squaring means for generating said decision error by
squaring the difference between the phase of said phase difference signal and the decision
phase of said decision eata.
4, A data demodulator, as claimed in claim 1, wherein said decision error
computing means is absolute value computing means for generating said decision error by
computing the absolute value of the difference between the phase of said phase difference
signal and the decision phase of said decision data.
5. A data demodulator, as claimed in claim 1, further provided with timing signal
generating means for generating said clock signal, said sampling signal and said clear
signal.
6. a data demodulator, as claimed in claim 1, wherein said signal processing means
is provided with:

input/output (I/0) means for reading said decision error sum from each of said N
decision error registers in a prescribed period and Writing said sampling phase signal into
said sampling phase register, and

computing means responsive to said N decision error sums, which have been
read out, for sending one of the phases of said clock signal to said /O means as said

sampling phase signal.
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N deci sion error adding neans each for generating the sumof the squares of
sai d decision-errors—by-adding the square of said decision error _every

time said clock si naI of “JMFHQ rrespondi ng phasp R@nggpmpq;@gm for

clearing the sun”‘ mm'“m f said decision| eFrGrs—+a-respande to
said clear signa ISI on error r egi ers each {93%
I Sji

sai d deci sion error sum fromthe corres@dnding o
ed, Misanpl i ng

addi ng neans every tine a sanpling signal is sup
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channel s; gener ati'ng
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signal, sal ase S|gnals and sai d channel nunber indicating
si gnal ; angialdsamplmgpﬁdsg@agnapr ocessing nmeans further conprising input means
for read| ng the sumof the squares of said decision errors fromeach of

said N decB8si on @ data degodfistos ad claireed gerolaimt 7o wherein rsgidofl/Q anehns diaptheng

signal and receiving receive information indicating the
receives receive information indicating the reception state of said receive signal, and said

computing means further is responsive to said receive information for correcting said
decision error sums with a weighting coefficient corresponding to said receive
information, and sending said clock signal phase indicating the smallest value of these
corrected decision error sums as said sampling phase signal.
9. A data demodulator, as claimed in claim 8, wherein said corrected decision error
sum us the weighted average of said decision error sum for the preceding adding period
and of a newly added sum of said decision errors.
10. A data demodulator, as claimed in Claim 7, wherein said sampling means
comprises:

a first selector controlled by a channel number indicating signal to select one of
said sampling phase signals;

a second selector controlled by said sampling phase signal from said first selector
to select one of said N-phase clock signals, and

a sampling circuit for generating said symbol rate demodulated data by sampling
said decision data with the clock signal selected by said second selector.
11. A data demodulator provided with:

| phase detection means, receiving a receive signal having undergone m/4-shift

quadrature phase-shift-keying (n/4 QPSK), for detecting the phase of said receive signal
by comparing the phase of said receive signal and that of a reference signal whose
frequency is substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been

detected, to give a phase signal in a parallel signal form every time a clock signal,
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A data dem)dul ator
provided with: delay means for generating a delayed phase signal by giving said phase signal a

delay equal in length to said symbol period;

phase difference detection means for generating a phase difference signal by
subtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal, further
provided with:

timing signal generating means for generating a sampling signal, a clear signal
and said clock signal;

decision error squaring means for generating the square of a definition error by

- squaring the difference between the phase of said phase difference signal and the decision |

phase of said decision data;

N decision error adding means each for generating the sum of the squares of
decision errors by adding the square of said decision error every time said clock signal of
the correspoﬁding phase is supplied and for clearing the sum of the squares of said
decision errors in response to said clear signal;

N decision error registers each for storing said decision error sum from the
corresponding one of said decision error adding means every time a sampling signal is
supplied;

a sampling phase fegister for storing sampling phase signals;

sampling means for generating symbol rate demodulated data by sampling said
decision data in a phase indicated by said clock signal and said sampling phase signal; and

signal processing means further comprising I/O means for reading the sum of the
squares of said decision errors from each of said N decision error registers in a prescribed
period and writing said sampling phase signal into said sampling phase register, and

computing means for sending one of the phases of said clock signal, corresponding to the
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by comparing the phase of said receive signal and that of a reference signal whose
frequenc.y is substanﬁally equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been
detected, to give a phase signal in a parallel signal form every time a clock signal,
resulting from the division of the symbol period of said receive signal into N (N is a
positive integer) phases, is supplied; '

delay means fo_i generating a delayed phase signal by giving said phase signal a
delay equal in length to said symbol period;

phase difference detection means for generating a phase difference signal by
subtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal, further
provided with:

timing signal | generating means for generating a sampling signal, a clear signal
and said clock signal;

decision error squarmg means for generating the square of a decision error by
squaring the difference between the phase of said phase difference signal and the decision
phase of said decision data;

N decision error adding means each for generating the sum of the squares of said
decision errors by adding the square of said decision error every time said clock signal of
the corresponding phase is supplied and for clearing the sum of the squares of said

decision errors in response to said clear signal;
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subtracting neans, inserted between said phase difference detection neans
and said decision means, for subtracting froma phase difference signal

generated by said phase difference detecting nmeans a correction val ue for
correcting the D.C. offset of this phase di ffereﬂ-cﬂmmmummlm plyi ng
the corrected phase difference signal to said deci ﬂ_

deci sion error detection neans responsive io the pha§e i fference &i gnal
fromsaid subtracting neans and to said decision data for detecting the

di fference bet W@@rhécﬁg)rp Eﬁ%ﬁ_re%@tggs?ggcho?&sﬁoﬂhé f@idea&asich S R the
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errors in the period of the supply of channel nunber indicating
- 53 - supplied; '

a sampling phase register for storing sampling phase signals;

sampling means for generating symbol rate demodulated data by sampling said
decision data in a phase indicated by said clock signal and said sampling phase signal; and

signal processing means further comprising input means for reading the sum of
the squares of said decision errors from each of said N decision error registers in a
prescribed period and récéiving_ receive information indicating the reception state of said
receive signal; output means fér.wri_ting said sampling phase signal into said sampling
phase register; weighted average dQcision error computing means for computing weighted
average decision errors resulting frbm the weighted averaging of the N sums of the
squares of said decision errors, whiéh have been read out, and of the N sums of the
squares of said decision errors in the preceding adding period; and computing means for
sending one of the phases of said clock signal, correspbnding to the smallest value of the
sums of these weighted average decision errors to said output means as said sampling
phase signal.A
13. A data demodulator provided with:

phase detection means, for detecting the phase of a receive signal having
undergone differential phase-shift-keying (DPSK) by comparing the phase of said receive
signal and that of a reference signal Whose frequency is substantially equal to K (K is a
posiﬁve integer) times the éentcr frequency of said receive signal, and sampling the phase
of said receive signal, which ha_s been detected, to give a phase signal in a parallel signal

form every time a clock signal, resulting from the division of the symbol period of said

receive signal into N (N is a positive integer) phases, is supplied;

by one symbol;




'
3

signals every tine said clock signal is supplied and for clearing the sum

of said decision errors in response to a clear si gnal~———————"a—ﬁeci si on
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access (TDMA) signals,

ue for

further provided with:

decision error computing means responsive to said phase difference signal and
said decision data for cdmputing a decision error on the basis of the difference between
the phase of said phase difference signal and the decision phase of said decision data;

N decision error adding means each for generatihg a decision error sum by
adding said decision error every time said clock signal is supplied and for clearing said
decision error sum in response to a clear signal;

N decision error registers each for storing said decision error sum from the

* corresponding one of said decision error adding means every time a sampling signal is
supplied;

M sampling phase registers for storing a sampling phase signal for each of said
channels;

sampling means for generating symbol rate demodulated data by sampling said
definition data in a phase indicated by said clock signal, said M sampling phase signals,
and a channel number indicating signal; and

| signal processing.means further comprising reading means for reading out said
decision error sum for each of said channels from each of said N decision error registers,
sampling phase computing means responsive to each of these decision error sums for
computing said sampling phase signal for each channel by a prescribed computing

technique, and storing means for storing each of said sampling phase signals into one or

another of said M sampling phase registers. e ‘r
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27. A data denodul ator, as clainmed in claim25, further provided wth:
timng signal generating neans, receiving a frame signal notifying Lhe TDIVA
channel swi tching of said receive signal, for generati nﬁ sai d clock

synchronized with this franme signal, said sanpling IME EHll" IMM&IH‘HP

signal, and said channel nunber |nd|cat|ng si gnal .
denodul ator, as clained in claim27, whérein: Sai d sanpling signa
is prepared i nmedi ately before the end of reception of said receive signal

on each TDMp Chaﬁngﬁta de odulator,sa%' gaan%afn El'aﬂﬂail 3, | WhedbinP&Hi (?qe%‘f\?é’\@%galt B

preparation of sai sarrp I ng signha e recéption o

si gnal ; angndergone n/4-shift qummmmkdyﬂ@@mqmml gnal is prepared upon
reception of said frame signal.

15. A data demodulator, as claimed in claim 13, wherein said decision error
computing means is decision error squaring means er generating said decision error by
squaring the difference between the phase of said phase difference signal and the
definition phase of said decision data.
16. A data demodulator, as claimed in claim 13, wherein said decision error
computing means is absolute value computing means for generating said decision error by
computing the absolute value of the difference between the phase of said phase difference
signal and the decision phase of said decision data.
17. A data demodulator, as claimed in claim 13, further provided with timing signal
generating means, receiving a frame signal notifying the TDMA channel switching of said
receive signal, for generating said clock signal synchronized with this frame signal, said
sampling signal, said clear signal, and said channel number indicating signal.
18. A data demodulator, as claimed in claim 17, wherein:

said sampling signal is prepared immediately before the end of reception of said
receive signai' on each TDMA channel;

said clear signal is prepared between the preparation of said sampling signal and
the reception of said frame signal; and

said channel number indicating signal is prepared upon reception of said frame
signal.
19.-. A data demodulator, as claimed in claim 18, wherein said signal processing
means further comprises:

input/output (I/O) means for reading said decision error sum from each of said N
decision error registers every time said sampling signal is supplied, and writing said

sampling phase signal into said sampling phase register for the corresponding chanoel,
and . REPLACEMENT SHEET
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29. A data denodul ator, as claimed in claim28 sai d
si gnal proces&&ng-mewLurt her includes I/0O neans fBﬁPLAGE\ﬂFWQ SHREY sjum of

sai d decision Tﬂb!rs out of said decision error repi rTer ar-the trm ng of

s ecartn o OIRIMARR 2,201 2 corf b o e, o

correction re
correction val ue. conputlng neans responsi%e to the sum-ef-said. deC|S|on

errors, which has been read out, for conputing saifd correction valye for

cach of oaid TOMofgife i deauiBl 8 Sk R B0l R e
sai d COWpuﬁ'édalgoﬁEB%fS &I 0RE of iRe PHEYEE sald %16@% §g§|§ ! Tﬁﬁ'lﬁ% %igg a%nsg%ﬁj

errors in each prescribed period and for eac ( _
addi ng sai dampkmgpiease isignahi d correcti on value stored in said correction
regi ster for the correspondi ng channel to

20. A data demodulator, as claimed in claim 18, wherein said sampling phase

computing means sends said clock signal phase corresponding to the smallest value of said
decision error sum as said sampling phase signal.
21. A data demodulator, as claimed in claim 18, wherein said I/O means further
receives receive information indicating the reception state of said receive signal, and

said computing means further is responsive to said receive information for
correcting said decision error sums with a weighting coefficient corresponding to said
receive information, and sending said clock signal phase indicating the smallest value of
these corrected decision error sums as said sampling phase signal. ‘
22. A data demodulator, as claimed in Claim 18, wherein said corrected decision
error sum is the weighted average of said decision error sum for the preceding adding
period, and of a newly added sum of said decision errors.
23. A data demodulator provided with:

phaéé detection means, receiving a receive signal having undergone w/4-shift
quadrature phase-shift-keying (n/4 QPSK), for detecting the phase of said receive signal
by comparing the phase of said receive signal and that of a reference signal whose
frequency is Substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been
detécted, to give a phase signal in a parallel signal .form every time a clock signal,
resulting from the division of the symbol period of said receive signal into N (N is a
positive integer) phases, is supplied;

delay means for generating a delayed phase signal by giving said phase signal a
delay equal in length to said symbol period;

phase difference detection means for generating a phase difference signal by

subtracting said delayed phase signal from said phase signal; and
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give a new correction val ue. A dat a denodul at of ,REPLACEAE R Hi: Y
claim 30, wherein said pr@srfrTbed period is one frang| pgrrod-of—sardTOVA

p
si gnal s. | ator, as claimed in clajm3 %m siald
| / O neans furmﬂlmlmmmmcel ve information indicafih h ?g& I lon
state of said recelvie 3 gsa sai d conput ng_.nea.ns._.f.ur.L.h@r S
responswe to.said receive information f%- correcting said average wth a
wei ghting coefficient corresponding to said receive i hformtiom—amd

adding this cor rcf‘e%isg@ ﬂ%&ﬁsa&g%cﬁn&vgatb%aﬂ]%{aﬁec&ff%ge \Céf;“a}g%f RurYe -aﬁnngglg’cision

correction valu

wher ei n saifly C&’l@i@h‘ the rEKA(oF the phase dems ‘é&ﬁsphﬁ% ‘ﬁﬁ%¥| e Wehﬁﬁl ed if

it receives sali receive 1nfor t I on cat I'ng t I’St recept i on

of said receive gidfstefie signals are M—chaﬁﬁBIF(M @Sa posilve ieRPP tifie difisicROmuiti h
said weighting coefficient if it receives said receive information

i ndi cati ncactéss (TDMA) signalsf t he same TDMVA channel .
| further provided with:

timing signal generating means, receiving a frame signal notifying the TDMA
frathe switching of said receive signal, for generating said clock signal synchronized with
this frame signal, a sampling sigﬁél prepared immediately before the end of reception of
said TDMA frame, a clear signal pré,_pared between the preparation of said sampling
Signal and the reception of said frame signal, and a channel number indicating signal
prepared upon reception of said frame signal;
~ decision error squaring means _for -generating the square of a decision error by
sﬁuafing the difference between the phasé -of said phase difference signal and the decision
phase of said decision data;
N decision error adding means each for generating the sum of the squares of said
decision errors by adding .the square of said decision error every time said clock signal of
~ the c_orrespohding phase is supplied and for clearing the sum of the squares of said
decision errors in response to said clear signal;
| N decision error 'regist_ers- each for storing said decision error sum from the
correspdnding one of said decisioh .error adding means every time a sampling signal is
supplied; |
o M sampling phase registefs for storing sampling phase signals for each of said
channels;
sampling means for generating symbol rate demodulated data by sampling said
decision data in a phase indicated by ééid clock signal, said M sampling phase signals,
and said channel number indicating'signal; and
- signal processing means fu_rther ;:omprising 1/O means for reading the sum of the

squares of said decision errors from each of said N decision error registers at the
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-55- 34. A data denpdul ator provided with: _ -phas.&dnf ection
nmeans, receiving | a Tee ve S|gnal of an M channel (M i REPL[AQEME\W@;;—;-T

integer) tine d| “—aCCess (TDVA) fornmul a havi 1g uuucl gone
[err]/4-shift WQM e-shift- keying ([err]/4 QSK) %L(r)’r&rfgg mg
t he phase of sai d r ll/ by corrparl ng the phas vfe
signal and that of a r et er"en gnal frequency s.suhs.LanI._L.a.L_L,)a
equal to K (Kis a positive |nteger) t| nmes the center ffequency of said

beon " det e EpauidtDBRTBE baiR sdeliufi S 3ha 3Rinel 68 of S ﬁ%ﬂpl%?w y G
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receive si gnal positive 1 nteger

del ay meansgerddig 686f fel phdséd (ﬁeslaﬁi’ E6cPERAR, %bﬁ@@'on@i)‘lg % Yﬁé’&nﬁ?&sﬁvﬁn@%? the

signal a
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squares of said decision errors among the N sums of the squares of said decision errors,
which have been read out, to said I/O means as said sampling phase signal.
24, A data demodulator provided with:

phase detection means, receiving a receive signal having undergone 7/4-shift
quadrature phase-shift-keying (n/4 QPSK), for detecting the phase of said receive signai
by comparing the phase of said receive signal and fhat of a reference signal whose
frequency is substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been
detected, to give a phase signal in a parall:el signal form every time' a clock signal,
resulting from the division of the symbol périod of said receive signal into N (N is a
positive integer) phases, is supplied;

delay means for gencrating a delayed phase signal by giving said phase signal a
delay equal to said symbol period;

phasé difference detection means for generating a phase difference signal by
subtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase diffeljence signal for generating decision
data, which is the result of the phase decision of said phase difference signal, wherein;

said receive signals are M-channel (M is a positive integer) time division multi-
accéss (TDMA) signals,

further provided with:

timing signal geherating means, receiving a frame signal notifying the TDMA
frame switching of said receive signal, for generating said clock signal synchronized with
this frame signal, a sampling signal prepared immediately before the end of reception of

said TDMA frame, a clear signal prepared between the preparation of said sampling
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del ay equal ina-length to said synbol period;

det ecti on neans for genérating-a- phase di fference sign
sai d del ayed p\ltg'luﬁmg'ﬂ”m ai d phase signal; and
means responsi I }gmfﬁfference signal for gn
data, which is the‘result ‘& e phase dgfrsron of sai

si gnal , further provided with: timng
means, receiving a frane signal notifying the TDVA chnnel

sai d T eceignatianathe 1664 ptdANGH sHid Teansé sfinsl, Qall £ chillel MRBEF Picatihg N
this frane signal, a sanplrng si gnal prepared I medi atel y before t Re end of
reception prepars@uﬂoﬂ'w&pﬁdmoﬁ‘aﬁd framelsigmal;si gnal prepared between the
preparati on of said sanpling signal and the reception of said frane
signal,, and a chimiséin ewrobequaringi mearnsrigr gegerating freeppiaredofl palecisemeptron by of
sai d frarre si gnal ; subtracting neans, inserted between said phase
differ encéqt;@tlm: Ehedhffﬁ’@aﬁ% betreen &he phase of 83id phaseifferencs signaltand dhe decisionm a

phase di ff@ﬁ nal, generated by said phase difference detecti ng means
a correct {RH5%of $9dd PeisieR d3@et i ng the D.C. offset of this

N decision error adding means each for generating the sum of the squares of said

decision errors by adding the square of said decision error every time said clock signal of
the corresponding phase is supplied and for clearing the sum of the squares of said
decision errors in response to said clear signal;

N decision error registers each for storing said decision error sum from the
corresponding one of said decision error adding means every time a sampling signal is
supplied;

M sampling phase registers for storing sampling phase signals for each of said
channels;

sampling means for generating symbol rate demodulated data by sampling said
decision data in a phase indicated by said clock signal, said M sampling phase signals,
and said channel number indicating signal; and

signal processing means further comprising input means for reading the sum of
the squares of said decision errors from each of said N decision error registers at the
generation timing of said sampling signal and receiving receive information indicating the
reception state of said receive signal; output means for writing each of said sampling
pheee signals into said sampling phase register for the corresponding channel; weighted
average decision error computing means for computing weighted average decision errors
resulting from the weighred averaging of the N sums of .the squares of said decision
errors, which have been read out, and of the N sums of the squares of said decision errors
in the preceding adding period with a weighting coefficient corresponding to said receive

information; and computing means for sending one of the phases of said clock signal,



phase difference signal, and supplying the correct eﬁ” EMENT érence
signal to sai i on neans; VR

deci si on error tectlon responsive to the ph 54= d| ffe sl ghal
fromsaid su s and to said decision data -bé‘ig%f'l

di fference bet @y f said phase difference 5| qnal and_uqe

deci si on phase of sa’rd dat a; -62- deci|si on error addi ng}means

for generating the sum of sai "d decision errors by \ddi ng sa. g—eecTsTon
error in the erl d of the s ai d ch “in
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of said de cl ear signal;
deci si on e(r&l’r %h& E%E@%aﬁ‘?“qsag‘gnp Qﬁgé}%éﬁg&lof sai d decision errors every
time 25. A data demodulator provided with:

phase detection means, for detecting the phase of a receive signal of an M-
channel (M is a positive integer) time division multi-access (TDMA) formula having
undergone differential phase-shift-keying (DPSK) by comparing the phase of said receive
signal and that of a reference signal whose frequency is substantially equal to K (K is a
positive integer) times the center frequency of said receive signal, and sampling the phase
of said receive signal, which has been detected, to give a phase signal in a parallel signal
form every time a clock signal, resulting from the division of the symbol period of said
receive signal into N (N is a positive integer) phases, is supi:lied;

delay means fo;' generating a delayed phase signal by giving said phase signal a
delay equal in length to 'said symbol period;

phase difference detection means for generating a phase difference signal by
subtracting said delayed phase signal from said phase signal; and

decision means responsive to said phase difference signal for generating decision
data, which 1s the result of the phase decision of said phase difference signal,

further provided with:

subtracting means, inserted between said phase difference detection means and
said decision means, for subtracting from a phase difference signal generated by said
phase difference detecting means a correction value for correcting the D.C. offset of this
phése difference signal, and supplying the corrected phase difference signal to said
decision means; |

decision error detection means responsive to the phase difference signal from said
subtracting means and to said decision data for detecting the difference between the phase
of said phase difference signal and the decision phase of said decision data;

decision error adding means for generating the sum of said decision errors by

adding said decision errors in the period of the supply of channel number indicating



said sanmpling signals supplied and storing said decision error sum
M correction registers for storing said correction-value-fer-each. _
correspondi ng TDMA channel of said receive si gnalaﬂ' a sel ector.

for selecting said correction value fromone of s mu‘u Lu HHH”"L

regi sters as indicated by said channel nunber indic L ; d
signal processing neans further conprisin®dreadi ng neans for read! ng said
deci sion error sumout of said decision error register, conputing neans
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t he suns of onerrors °in ea rame perio I gRal s

and addi ng e?ﬁ%'gixf‘i’e%?@lgs% tg)gi%gér%%f;rect ed value stored in said correction

regi ster of e correspon channel to give a new correction val ue,

and correction vaj Wecisiof"dritt FEpaer foR' savipling Ndie t SHE6 Of GAId BEisON rPOrVaR the
Into said correction registers for the respectively correspondi ng channel s.

35. A daimingefakampliag sipgnal/which issupplied, and storingodaid dedisio® etropsumgpans,
receiving a receive signal for detecting the phase of a receive signal of
an M- channel (M iM eorpetioniregisters foyestyring said doviestiam value tfor gacheearresponding
TDMA channel for said receive signals;
a selector for selecting said correction value from one of said M correction
registers as indicated by a channel number indicating signal; and
signal processing means further comprising reading means for reading said
decision error sum out of said decision error register, computing means responsive to the
read-out decision error sum for computing said correction value for each of said TDMA
channels, and corre'ct::ion value storing means for storing these correction values into said
correction registers for the respectively corresponding channels.
26. A data demodulator, as claimed in claim 25, wherein said receive signal has
undergone nt/4-shift quadrature phase-shift-keying (n/4 QPSK).
217. A data demodulator, as claimed in claim 25, farther provided with:
timiﬁg signal generating means, receiving a frame signal notifying the TDMA
channel switching of éaid receive signal, for generating said clock signal synchronized
with this frame signal, said sampling signal, said clear signal, and said channel number
indicating signal.
28. A data demodulator, as claimed in claim 27, wherein:
-- said sampling signal is prepared immediateiy before the end of reception of said
receive signal on each TDMA channel;
said clear signal is prepared between the preparation of said sampling signal and

the reception of said frame signal; and

said channel number indicating signal is prepared upon reception of said frame

ignal.
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(TDVMA) fornmul a having undergone [err]/4-shift quadrature phase-shift-keying
([err]/4 QPSK), by conparing the phase of said receive- si gnal and that of

a reference signal whose frequency is substantia to K (K |s a
positive integer) tinmes the center frequency of '@ and
sampling the phase of said receive signal, which has d, to

give a phase signal in a parallel signal 5F40rm every tine a "l bck* signal ,
-57- resulting fromthe division of the symbol period of said receive

Zlalggsl rr{egtnggyoﬁ “a a&?‘?‘ﬂ‘zdltﬁo\é’g?sl %ﬂ%ﬁﬂﬁgg a§§n & S;P\B: :ngdsai d phase
TS TS Sy e B
subtractingy;g adéélsﬁﬁi @M‘Efk BRASE sfidOaRsidd effof Qégistﬁbaﬁ EheS tiHing ;ofasﬁﬂi sampling
signal and writing each of said correction values into said correction registers for the
respectively corresponding channels; and correction value computing meahs responsive to
the sum of said decision errors, which has been read out, for computing said correction
value for each of said TDMA channels and supplying these correction values to said I/O
means. |
30. A data demodulator; as claimed in claim 27, wherein:
said computing means computes the average of the sums of said decision errors
in each prescribed period and for each of said TDMA channels, and adding said average
t<:) said correction value stored in said correction register for the corresponding channel to
_ give a new correction value.
31. A data demodulator, as claimed in claim 30, wherein said prescribed period is
one frame period of said TDMA signals.
32. A data demodulator, as claimed in claim 30, wherein said /O means further
receives receive information indicating the reception state of said receive signal, and
said computing means further is responsive to said receive information for
correcting said average with a weighting coefficient corresponding to said receive
information, and adding this corrected average to said correction value to give a new
correction value. |
33.'. A data demodulator, as claimed in Claim 32, wherein said computing means:
computes said average uncorrected if it receives said receive information
indicating the first burst reception of said receive signals, or

computes said average corrected with said weighting coefficient if it receives said

receive information indicating the reception of the same TDMA channel.
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deci si on neans responsive to said phase difference signal for generating
decision data, which is the result of the phase decision of said phase
di fference signal: further provided wth;: timng signa
generating neans, receiving a franme signal notlfylng the~FTBMA channel

switching of said receive signal, for generating. s si gnal
synchronized wth this frame signal, a ﬁnpllng S /@[
cf ”ﬁ si gnal

i mmedi ately before the end of 'reception of said TDVA
prepared bgjween t aﬁéﬁi {le | sampl ing signal and St he reception
of said frame signal, nne er indicating signal- prepared upon

reception of sai ﬂhafséaﬂ@iec‘iioﬁnﬂieans receiving % YBLdine sighgl

bet ween sai d phase difference det ectlon nmeans an sal dad(gim sl on means afor

subt r act i nfodifivaimegeip filedivkRnCAGRI-fdce3TDIMAS foinasla Biivin nﬂxdei@aaé 9:/4—sh1ft
di fference detecting nmeans a correction value ftor correct| ng the D. C

of fset of tyimdratupdphasedhifi-keying én/di QRSK), fondeteutiyy thenghakd of ssidrrecdieel sighas e
difference signal to said decision neans; deci sion error
det ecti on heaoesmpaciogothei phase ©ft $aid pecedee dighdle arsh dhat sofga aleferenne sighal whose
frequency is substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been
detected, to give a phase signal in a parallei signal form every time a clock signal,
resulting from the division of the symbol period of said receive signal into N (N is a
positive integer) phéscs, is supplied;
delay means for generating a delayed phase signal by giving said phase signal a
dela):r equal in length to said symbol period;
" phase difference detection means for generating a phase difference signal by
subtractmg said delayed phase signal from said phase signal; and
decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference signal,
further provided with:
timing signal generating means, receiving a frame signal notifying the TDMA
channel switching of said receive signal, for generating said clock signal synchronized
with this frame signal, a sampling signal prepared immediately before the end of reception
on said TDMA channel, a clear signal prepared between the preparation of said sampling
signal and the reception of said frame signal, and a channel number indicating signal
prepared upon reception of said frame signal;
subtracting means, inserted between said phase difference detection means and
said decision means, for subtracting from a phase difference signal generated by said

phase difference detecting means a correction value for correcting the D.C. offset of this

phase difference signal, and supplying the corrected phase difference signal to said

decision means; REPLACEMENT SHEET
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subtracting neans and to said decision data for detecting-the difference

bet ween the phase—_of_said phase difference signal and t{h&EHEAGEMENT gl,qa&e"{
: _ T

of said decision data,; : ~deci sion error addi ng ngan
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said clock signal is shpp'fie*d-and for cle¥ing the sum gf isaid decision: !

~errors in response to said clear signal; 4. decisi or a deci sion j
error register f SR 1.d. LS1 QN e LSy f -yt
sai d sanpling si %ﬁﬁ I's rgd&gip?}:%& gaﬁ &%Rgsfegﬁ?%gégr% @@5’1’ GiffsreneE, signal friom said
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correspondi ng

S recel ve

of said phase difference signal and the decision phase of said decision data;

decision error adding means for generating the sum of said decision errors by
adding said decision error in the period of the supply of said channel number indicating
signals every time said clock signal is supplied and for clearing the sum of said decision
errors in response to said clear signal;

a decision error fegister for sampling the sum of said decision errors every time
said sampling signals supplied and storing said decision error sum;

M correction registers for storing said correction value for each corresponding
TDMA channel of said receive signals;

a selector for selecting said correction value from one of said M correction
registers as indicated by said channel number indicating signal; and

signal processing means further comprising reading means for reading said
decision error sum out of said decision error register, computing means responsive to the
read-out decision error sum for computing the average of the sums of said decision €ITOors
in each frame period of said TDMA signals and adding said average to said corrected
value stored in said correction register of the corresponding TDMA channel to give a new
correction value, and correction value storing means for storing these correction values
into said correction registers for the respectively corresponding channels.
35. A data demodulator provided with:

-. phase detection means, receiving a receive signal for detecting the phase of a
receive signal of an M-channel (M is a positive integer) time division multi-access
(TDMA) formula having undergone n/4-shift quadrature phase-shifi-keying (n/4 QPSK),
by comparing the phase of said receive signal and that of a reference signal whose
frequency is substantially equal to K (K is a positive integer) times the center frequency of
said receive signal, and sampling the phase of said receive signal, which has been

detected, to give a phase signal in a parallel signal form every time a clock signal,



a sel ector for sel-ecting said correction value fromone of said M
correction ers as |nd| cated by said channel nunber indicating
signal; and @ pr\oce55| ng nmeans further conprising reading
means for readr n error sumout of said decision error

regi ster and recei V|’~ngn i nformati.gg . i ndicating the reception state
of said receive signals, conputing neans for correcting the average of the
sums of said decision errors réad out in each frane period of said TDVA

si gnal s wi tasulingefrgint iheglies®hf oft thensyndwl ipesipd rodi saigl tescivei signaddefov (N is a
information and adding this average to said -correction value stored in
sai d cor r epesitbye intagerk phasest is swppbedir espondi ng TDMVA channel to give a new
correction value, and correction val u&F stori ngq neans for stor:ﬂqg t hese

correction val uedel P)ﬁf‘??a%if‘lf EHEraing ofelavedi Rhags sigpy by ﬁ’ém}ge‘éad‘é _ s&?e?‘&‘_lala
corre_spondl g&%{t\e:l S. : 'grﬁgld sym,%oqpeno‘germdul ator, as claimed in claim35,

wherei n sa onputes said average uncorrected if
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of said receive rage correct

sai d vei ghgdb%cﬁﬂfgz{lh GefaPld phask ts@nﬁlcﬁbﬂ’lesﬁldsﬂiage signal; and

decision means responsive to said phase difference signal for generating decision
data, which is the result of the phase decision of said phase difference sighal:

further provided with:

timing signal generating means, receiving a frame signal notifying the TDMA
channel switching of said receive signal, for generating said clock signal synchronized
with this frame signal, a sampling signal prepared immediately before the end of reception
of said TDMA frame, a clear signal prepared between the preparation of said sampling
signal and the reception of said frame signal, and a channel number indicating signal
prepared upon reception of said frame signal;

subtracting means, inserted between said phase difference detection means and
said decision means, for subtracting from a phase difference signal generated by said
phase difference detecting means a correction value for correcting the D.C. offset of this
phase difference signal, and supplying the corrected phase difference signal to said
decision means;

decision error detection means responsive to the phase differenqe signal from said
subtracting means and to said decision data for detecting the difference between the phase
of said phase difference signal and the decision phase of said decision data;

decision error adding means for generating the sum of said decision errors by
adding said decision error in the period of the supply of said channel number indicating

signals every time said clock signal is supplied and for clearing the sum of said decision

errors in response to said clear signal;
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receive information indicating the reception of the same TDVA channel .
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a decision error register for sampling the sum of said decision errors every time
said sampling signal is suppiied and storing said decision error sum;

M correction registers for storing said correction value for each corresponding
TDMA channel of said receive signals; |

a selector for selecting said correction value from one of said M correction
registers as indicated by said channel number indicating signal; and

signal processing means further comprising reading means for reading said
decision error sum out of said decision error register and receiving receive information
indicating the reception state of said receive signals, computing means for correcting the
average of the sums of said decision errors read out in each frame period of said TDMA
signals with a weighting coefficient corresponding to said receive information and adding
this average to said correction value stored in said correction register of the corresponding
TDMA channel to give a new correction value, and correction value storing means for
storing these correction values into said correction registers for the respectively
corresponding channels.
36. A data demodulator, as claimed in claim 35, wherein said computing means:

computes said average uncorrected if it receives said receive information
indicating the first burst reception of said receive signals, or

computes said average corrected with said weighting coefficient if it receives said

receive information indicating the reception of the same TDMA channel.
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DATA DEMODULATOR
ABSTRACT

A data de,modulator wholly consisting of digital circuits for TDMA signals
subjected to differentiél phase-shift-keying (DPSK). The data demodulator generates a
phase difference signal by subjecting 7/4QPSK signals to delayed detection with phase
detection means, delay means and phase difference détection means (101, 102, 103),
connected in cascade and all known to persons skilled in the art, in synchronism with
N-phase clock signals, and reproduces this phase difference signal igm decision data
with definition means. - .

| A first such data lde_modulator (104) finds out decision errors from said phase
difference signal and decision data, and achieves symbol synchronism by sampling said
decision data in a clock'.signal phase involving little decision error. A second such data
demodulator (112)_s_1_ip§1ies said phase difference signal to said decision after correcting
its D.C. offséf due toa fteQuency drift.
Fig. 1 |




