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-1- Preglsa/l;)_etectlon of Frequency Error for Bursts Modul at. et?E)y b
Predet erii-ni ng Synbol Sequence Background of ‘'t he |nventignm—This—invertion-
rel ates to frequency error detection of detecting, in quadﬁﬁ{sgﬁe@tHasB cen Replaced

denodul ation of a received signal derived by reception of a

si gnal subjrected to digital angl e nmodul ati on MMH‘E m
carrier by a synmbol sequence to have a constant phase dlffer

each synbol period, a frequency error which a locally generated frequency
has relative to a reception frequency of a reception carrier carrying the'’
recei ved signal. Such-quadrature denodul ation is known i.n the art as

described, for exanple, in Japanese Pat ent Prepublication (A).-No, ° e-
23,742 of 1991. . o

. PRECISE DETECTION OF FREQUENCY ERROR FOR BURSTS
MODULATED BY PREDETERKINED SYMBOL SEQUENCE

BACKGROUND OF THE INVENTION:
This invention relates to frequency error detection
of detscting, in qyidzature demodulation of a zeceived signal
derived by reception of a yransastted signal subjected to digital
5  angle modulation of a transmission carrier by a symbol sequence
40 have a constast phase difference during each symbol period,
a frequency error which a locally generated frequency has relative
toa reception frequency of a zaceptinn carrier carrying the : ®-
received signal, SNﬂ:gmunmnunsdmmﬂnhdimlislmmm11n1mn
10  art as descrided, for example, in Japansse Patent Prepublication
(A) ¥o, 23,702 of 1991,
Poitable telephone and like nobile communication systems
are recently in wide use. In a radio communication aetwork like
the aoblle communication system, communication between a transmitter
15 - station and achile statioms is bidirectionslly carried out by
transmitting from the transmitter station a transmitted signal
on & transmission eézzier of a predetermined cerrier frequency.
For transmission of the transmitted signal to the mobile jo
_ stations, the transmlssion carrier is digital angle modulated |
20 by & predetermined synbol sequence of a symbol rate to proviﬁ.a

a preamble in the tranamitted signal., Each moblle station receives
the transmittsd signal as a received signal with the transmission

. osrrier received as a reception carrier for quadrature demodulation
of the recelved signal. For use in the quadrature demodulation,



Portabl e+ tel ephone and. Ii .ke _mobile conmunication SY SRR LS n Replaced
recently in wde use. In a radio comunication network IiKke

conmmuni cati on system conmuni cation between a transmitter st Emﬁﬂiﬂﬁil :
nobi te stations is bidirectionally carried out by transmtti

transmtter station a transmtted signal on a transm ssion carrier of a
predeterm ned carrier frequency. For transm ssion of the transmtted signal
to the nobile stations, the transm s@i on carrier is digital angle nodul ated
by a predetermned synbol sequence of a synbol rate to provide a preanble
n the {1 ansmddClosf ithts ol YolprIabs bC1ELE s s0RCTO geiomat dogansi 1 { ed
signal as a recelved Si gnté’] wth the transmi ssion carrier received as a
reception cargijpeaf aiegflosh atlecsl desqentyotdiatedoto tthe predebievmiiedi gnal . For
use in the quadrature denodul ation, each nobile station conprises a

| ocal oscil | édmater Eoéquency, ~ -

The transmission carrier has a transmission freguency

5 vwhich ma;vr be subjected to a slight-shift from the predetermined
carrier frequency. The rece:’ﬂ:&.ép carrier therefore has a reception (__
frequency which may be a little different from the predetermined '
carrier frequency. mrthem'xe. the local frequency is liable
to fluctuations froa the. predeternined ca;rier frequency.
30 The fraequency error must conseguently be detected for " .-
the quadrature demodulation, It is possiblo on detecting the
: frequency error to use fhe‘. fact that the transaitted signal .
has a constant phese dj.ffemnce in each symbol period whﬂe_ the
tranamission carrier is nodglated by the ptede.temined. syubol
15 sequence and that the received signal has the constant pﬁse
difference meanwhile. ZIncidentally, the digital angle modulation
nay be GMSK (Caussisn filter minimm shift keying) modulstion,
MSK (minimum (phase) shift keying) modulation, or like modulation,
In the mapner which will later be described in greater
| 20 detail, a conventional freguency error detecting method comprises ’
the step; of: (a) samplidg the received signal by a sampling |
signal of a sampling peried into a prodetermined number of sampled
vectors in each burst, (b) calculating phase errors, each phzse
error accompanying a phase difference between two adjacent ones
25  of the =mampled vectors, (¢) calculating an average of the phase
erzors as a dividend, and (d) dividing the dividend by a divisor
comprising the sampling period, Tt is possible to understand
the predeternined gunber as 2= without loss of generality and



generating a local signal of a local frequency related to the
predeterm ned carrier frequency. The transnission carrier has—a——
transmi ssi on frequency which may be subjected to a slight s%}‘stShf t he
fromthe predeterm ned carrier frequency. The reception carri s laced
has a reception frequency which may be a little different fro "
predeterm ned carrier frequency. Furthernore, the local fr

liable to fluctuations from the %redet erm ned carrier frequency. The
frequency error nust  consequently be detected for the quadrature
denpdul at i on.4o Eafes f1OSKE phaneosrrtet 8s trenutht tioahgie (2reRYsthephase t0 use the
fact that the transmtted signal has a constant phase difference

in each syrdswbrs.period while the transmission "carrier -is nodul ated

by the predeterm ned Tiznﬁgiagsee %ﬁeﬁﬂg %t&&yr&cgf&g& phase ‘;‘
error accoapanying a total phase difference between the first |
5  and the Zu~th sampled vectors with no regaxd to the second through

the (2u-1)-th samplod vestors, Each sampled vector may, however,

- be influencod by a noise component. If thé first or the Zm-th e
sanpled vector is influenced by aa appreciable noise component,
the freguency ervor is influsnced by the noise components and

10  has a detection precision liable to fluctuations resuliing fram
the noise components accompanying the received signal,
SUMMARY OF .T}E'IRVENTIOK:
It is consequently an sbjuct of the present invemtion
to provide a frequency error detécting method of detecting, in
15 quadrature demodulation of a received signal deriyed from a transmitted o,
sigu;l digital angle modulated by a symbol sequence to navé a
constast phase difference 1o each symhol period, 2 frequency
error which & locally generated frequency has relative to a reception
freguency of the received signal and which is precise and accurate,
20 _ Itis mu_m.-llob'ject of this inveption to provide a
frequency error detecting method whieh is of the type described
and by which the freguency ervor is detected with a high deteétion
precision even Af the received signal is accompanied by noise,
| ‘It is still another cbject of this inveation to provide
25 =& frequency exror detecting nethod which is of f.he type described

and which achisves the high detection precision even if a noiasse | .
. compunent accompanies each vector sampled from the zacaiveq. Eignal _ *
after the received signal 13 quadrature demodulated, |



REPLACENENT SHEET Date :27 AUG 1998  -2- signal has the constant - -
phase difference meanvx/m le. Incidentally, the digital .angle Tmodutatien—
may . be GVBK (Gaussian filter —minimum shift keying) nDdlIﬂliiEh&fHasM@ﬁR

(m ni num (phase) shift keying) nodul ation, or |ike nodul ati o
manner which will later be described in greater detail, a: co I ””, "I
frequency error detecting nethod conprises the steps of: (a) sa

received signal by a sanpling signal #of a sanpling period

Tt 18 & different cbject of this invention to provide
| a fzequamy error detecting device-lfor carrying out a frequency
error detecting method-of the type desoribed,.
It is a further different object of fhis invention L
5 %o provide a quadrature demodulsting device in vhich carried
out is a freguency error detecting method of the type described.
Other oﬁjects of this invention will become clear as
the dsscription proceeds,
In accordance with an aspect of this invention, there
10 is provided a frequency error detecting nethod of detecting,
in qoadrature demodulation of a received aignal derived from
a transpitted signal subjected to digital angls modulation by . R
a symbol seguence to have a constant phase difference in each
éynbo]'. poricd, a frequency error of & locklly generated frequency R
15 relative to-a reception frequency of the received signal, which .
frequency exror detecting method comprises the steps of: (a)
sanmpling the received signal by a aampling signal at a sanpling
period into sampled vectors 2m in nusber in each burst, whers
n repragents a predetermined integer: () calnulsﬁng geroth
20 through (20~2)-th phase errors, each phase error accompanying
a phase diffmnce between two adjacent ones of the a&mplad'vectors;'
(e) calcuhting a dividend by using the zeroth through the (2m=2)~th _
phase errors; and (d) dividing the dividend by a d.:l.mor comprising ‘;-
the sampling pericd, wherein the dividend cateulating step comprises
25  the steps of: (A) caleulating zeroth through (n—l}éﬁ; averages,
each average as regards m consecutive cnes of the zeroth through
the (28-2)-th phase errors starting st a g-th phase error of e
ihe zeroth through the (2m~2)-th phase errors with g varied bkhmm



into “a predeternm ned nunber ~of sanpled vectors in 'ach~‘buL§\\‘\£91““
calcul ating phase errors, each phase errar acconpanylmg hase
difference between two adjacent ones of the sanpled asB h“ﬂ
cal cul ati ng an average of the phase errors as a dividend, and

the dividend by a divisor conprising the sanpling period. It

under st and the predeterm ned nunber as 2m w t hout | oss of generallty an

refer to the phase errors as zeroth ghrough (2m 2)-th phase errors. The'
average theoretically depends only an a total phase error acconpanying a

o regard to tone W 0: YR8 dnpfuetid; Tkt 08) biBacfBil TP 0 VED TS T
oot “or T he SRAERL LR Ghvne SCu BhiEp R 15 OMARE. e
Iniuwunhnweldxha;ditﬁuewbasmmt ufthiainvmﬂdon,
there $s provided a freguency error detecting device which is
s for detecting, in quadrature demodulation of a received signal
.deriged from a transmitted signal subjected ¢o digital angle
modﬁla&inn‘by a symbol sequence {0 have a constant phase difference
in each symbol period, a frequency error of & locally generaté_d . .
frequency zelative to a reception frequency of the received signal ‘
10 and which comprises: (a) means for sampling the received signal
by a'unpmg";t a sampling period imto sampled vectors 2m in o
nuMMn;1n1amh'hust.whmnan:hgnnenhsa;ymﬂqhumhuﬂfﬁﬂwgarg K :
(v) means for calculating servth through (2m~2)-th phase erxors,
QO;ﬂmseamnmaQOummnngalﬁwweixﬂknuwehmhumntmo
15 edjacent ones of the sampled v;ctoma: (c) means for calculating
a dividend by using the zeroth through the (2m-2)-th phase exrors;
and (d) means for dividing the dividend by & divisor comprising
the sampling pericd, wherein the dividend caiculnting umé comprises:
(A) means for caloulsting seroth through (a-1)-th averages, each
| 20 aversge s regards m consecutive ofies ‘of the zeroth through the. '
(2u-2)-th phase errors starting at a g-th phase ervor of the
zeroth through the (2n-2)-th phase errors with q varied Yetween
zexo and (m ~ 1), both inclusive; and (B) means for calculating
as the dividend 2 mean value of the zeroth through the (1;:-1)'1'.!1 *
25 a#mnqps. | | ‘
In accordsnce with a further diffexent aspect of this
invention, thers is provided a quad.rf.tuz‘e demodulating device
- ¥hich 1s for demodulating a veceived signal derVied from a sronsmitted



by an appreC| abl e noi se corrponent the frequency error is influenced bv he
noi se corrponent s and has a detection precision liable to fluct at I ons
resulting fromthe noise conponents acconpanyi ng the received iliiBu.mi] 'IIIT ed

SUMMARY OF THE INVENTION It is consequently an object of the pr

invention to provide a frequency error detecting nmethod of dete

quadrature denodul ati on of a received. signal derived froma transmtted
signal digital angle nodul ated by a gynbol sequence to have a constant
phase difference in each synbol period, a frequency error which a locally

I anal and wntimet mbfReeed s eefon rng BEHELRE o EIMBBEY sl TE1E VO
the type  decb kS %ﬁq?‘”%‘?ﬁﬂﬁ‘“ﬂ?m@’“wﬁ% a1 o
in1mmd;auﬁmmmmu'mmarufa.hndﬂy:mman&mitﬁypﬁmm'nﬂwuﬂs
to a reception frequency of the recelved signal is detectedliy
5 - a frequency error detecting a:xangqment'oompmising: (a) mesns ~.
for sampling the reeeived slgnal by a sampling signal ai a sanpling
ﬁetihd into sampled vectors 2m in number in each burst, where
m repregents a predetermined integer; (b) means for caloulating
seroth through {2m-2)-th phase errors, eéch phase SITOr accompanying e
10  a phase difference between two adjacent ones of ﬁxe sampled iréctoz-s;
(c) means for caloulating a Qividend by using the zeroth through
the (2n-2)-th phase errors; and (4) déaisifgridividing the éididend
Py a divisor comprising the sampling period, wherein the dividend
calculating means comprises: (A) ‘means for calculating 2ervth
15  through (m-1)-th averages, each average as regards m cohsecutive
" ones of the gercth throhgh the (2m-2)-th phase errors starting
at a qeth phase'szror of the seroth through the {2m-2)-th phas§ . "
errors with q varied between zero and (m - 1), both inclusive;
and (B) meaps for calculating as the dividend a mean value of
20  the meroth through the (n-1)-th averages.
' BATEF DESCHTPTION 07 TE IRKINC:::
- Fg. 1 shows §amp1ed vectors sampled from a received
signal used in & quadrature demodulator to which the instant |
| invention is applicable;
25 Fig. 2 shows a flow chart for use in describing a:con¥énbion-
- al frequency error detecting method; |
Fig. 3 is a block diagram of a quadrature damndulatbr _
device to which this invention is applicable; and | _ ;\



frequency error is detected with a high detection'precision even if the

recei ved signal is acconpani ed by noise. It is still another object of this
i nvention to provide a frequency error detecting nmethod: whmﬁBhwﬁﬁsBe lmxd
t ype descri bed and which achi eves the high detection precls

noi se conponent acconpani es each REPLACEMENT SHEET -3- v

from the received -signal after the received signal' is qua rature

denodul ated. It is a different objectgof this invention to provide a
frequency ) : .

515.l&anm¢niDDWtﬂuttiuriaainchmcrﬂung}niremumcy'
" error detecting method ascarding to an esbodiment of this inventicn,
TRSCRIPTION OF THE PREFEARED EMBODIMENT: | - e
Roferring to Fig, 1, a frequency error detecting method
5 will be described in general. The frequeacy error detecting R
method 18 used in quadrature demodulation of a reteived signal i
dexrived by reception of a tranﬁmittad signal subdected to digital
angle ﬂodsllltich 'of & transmiseion earrier by a symbel .aquan'ce _
of a predetermined symbol rate to have a constaat phase difference
10  during each symbol period. In the iransaitted signal, the syabol
sequence provides, for example, s preamble, For use in the quadrature
demodulation, 2 loval signal i5 generated:with a locally generated
frequency. The:yzaxhrgmuum$mlﬂnnma$xlma|sframnmwy1umur
‘df:mnnmwstoa.nmeﬁunn1kemhmnfo:aumnqwnmncmnﬁar . .
15 carqnng'ununmetwulsuyml
In the quadrature demodulation, emﬂ:hwﬂn.nf'uuunmunxed
signal is sampled by a sampling signal at a sampling period T
hnoiinu'Mmmmh]kﬂxsmuaulwwtmm,|mm$ltnqmuwmh|a v
" predeternined nunber which is {typically equal .to 128 and can
20  be dencted by 2m without less of generality, It should be noted
hiths:nnlmdmg'um$ltnqwmsmﬂu:auintmyMHuudmﬂa'mﬂmmen
1 and K or 2m. botk inclusive, and that (k - 1) of sero is taken
out of considexation, D |
In Fg, 1, k-th and (k-i)-th sampled vectors X{k) and
25 X(k - 1) are illustrated. The k-th snhpled:vedtor has a k-th
.. inphase or I component 1(k) and 2 k-th guadrature or 'Q component . e
- (k). The k-th and the (k-1)-th sampled vectors are depicted
nna:phamspmmmadefuuﬁ.hyfrandtlaxmsHhhﬂ:intmmmetimch '



errqr detecting device for carrying out a frequency error detecting neth

to provide a quadrature denodul ati ng device in which car
frequency error detecting nmethod of the type described
this invention wll become clear as the description proceeds.

of the type described. It is a further different obj ect'jsﬁ ill]]mi
il

accordance with an aspect of this invention,
error detecting nmethod of detecting, it quadrature denodul ation of a

In

received signal derived froma transmtted signal subjected to digital

angl e nodul at | @endlyaf s YERgin OCloH}Re dre Jnavtoor A Jetmy optiagendd f f er ence

od
o5

.
-

there is provided a frequency

in each synbol period, a frequency error of a locally generat eq \
' frequency rel auMytIDrasml:kqityM thecdpseripylan, t he recei ved ;

10

15

20

25

On the phasa. plane; the k-th unpled vector has & k-th
phase angle or argument (k). The (k-1)-th sampled vector has
a (k-1)-th phass angle &(k - 1), Although depicted as being
glven by an absolute value, sgch a phage angle is messured with
a plus or a ginus sign counterclockwise from the I axis. The
k-th and the {k-1)-th sampled vectors have a p-th phase difference
o(p), where p is equal to (k - 1) and is variable between 1 and
(K- 1), both inclusive, ’

When the digital angle modulation of the transmission
carrier 1s tha GASK modulation menticged hersisabove, such &
phass du‘forence is always equal to 90° of angle in the transmitted
signal during each symbol period. This pha;sa difference of &
constant phase d.iffera;ice ‘13 kept in the sampled vectors during |
each dburst 1f the locally genemted frequency is exactly equal
to the reception frequenéy. The phase difference between the
k-th and the (k-1)-th sampled vectors may, however, be accompanied
by & p-th phase error #(p) which is Aot necessaryly equal to

sero and is exaggeratedly indicated in Fig, 1,

Turning to Fig, 2 with Fig. 1 continuously referred

to, a conventional _rraquency error detecting method will be described

:l_n order to facilisate an understanding of the present inventien,
This conventional frequency error detecting method is for detecting
the feqmency error described in the forsgoing with the CMSK

modulation used,
The transmitted signal is received as the raceivad

aignal at a ﬁ.rat step S1, Each burst of the received signal

\\'\



‘\

signal, whi ch frequehc'y'error det ect | ng rnet hod conprises the steps of:

(a)
sanpti.ng the received signal by a sanpling signal at a sa ' een-Replaced
.into -sanpled vectors 2m in nunber in each burst,; I ” '
represents a predetermned integer; (b) calculating z

(2m 2)-th phase errors, each phase error acconpanyi ng a phase difference
bet ween two adj acent ones of the sanpled vectors; (c) calculating a c
di vi dend by using the zeroth through @he (2m2)-th phase errors; and (d)
di vi ding the dividend by a divisor conprising the sanpling period, wherefn

the dividend ColugidaridthOensSHiRt 05MAI H3%%-th BapsstoRELas X(1X /)

cal culating zéro rough (ml)-th averages, each average as regards m
consecutive Qaeﬂ?]g)_qu x{#} atz£rsabdnd step@Egh Altlivngh (hepeid) uddecegphrge errors

starting at a g-th phase error of the zeroth through the (2m2)-th phase
errors Wwith qinorseticeptitewill e prasnrpd nerely foochaventongeofetheind (B)
' desoription which follows that the first through the K-th ghase
5 angles 3(1) to 4(2m) are calculated at a third prilimipary step
53(P). At a éract:.en thixd step 53. calculated are the first
through the (x-l)-th phase errors $(1) to #(2n - 1), each phase
error ¢(p) accempanylng the p-th ph;so difference between the
k-th and the (k-1)-th sanpled vectors.
10  Attention will be directed to the practical third step
. 83. It As readily understood in Fig, 1 that the k-th phase angle

is given by: . _
8(k) = artan(a(k)/1(0)). (1)
Tha:hﬂ1pﬁumd1ﬂhnmceiséndhhw:
15 ' - coed(p) = (L(k)Q(K - 1) - I{k - 1)Q(k))

JIx(k - 1] x(&)). - (2)
In the GMSK modulation where the comstant phase differeace of _
90° is kept in the p-th phase differences during each burst,
the p-th phase error is given by:
20 -~ #(p) = o(p) - 90°,
Each pha;; error is sufficiently less than ome radian. Equation
(2) therefors becomes: . | BN
coesi(z) & #(). | o
When the GMSK medulation is used, the m@@h&wmcuxs!mmea'
25 substantially common magnitude or absclute value in the received

signal. Therefore:
#(p) = (1(k)Q(k - 1) - 1{k - 1)Q(k))
J(2(x) + (k).



calculatlng as the dividend a nean value of the zeroth through t he (A_LL_Lh__'
averages. In accordance with a different aspect of this invention, . there
is provided a frequency error detecting device which is forTh eﬂ‘
quadr ature denodul ati on of a received signal derived frontat

signal subjected to digital angle nodulation by a synbol seq

const ant phase difference in each synbol period, a frequency error of a

| ocal |y generated frequency relative }o0 a reception frequency of the

recei ved signal and which conpri ses: %%) means for sanpling the received

signal by a sanpling at a sanpling period into npl ed vectors 2min
REPLACEMENT SHEET Dat &t 37fwat:3: rhep SR an average ¢(SA3 the firet through

the (K-1)-th phese errors is calculated as follows:

- .
#(a) = (3/(k - erlﬁ(pJ-

5 nhddimgatalfifn;atqp1£5£m=aﬁnmge¢nrtheIMBseemrmusbw
a divisor comprising the sampling period, the frequency error
is galelulated byr _ 'y
4t = #(a)/(22er), - - £
Attention »ill now be directed to the feurth step Sk.
10  Caloulation of the average is eguivalent to:
#(a) = (1/(x - D)(a(x) - &(2)) - s0°. 3
The k-th sampled vector may be aecompanied‘by a k-th noise component
a{(k) accompanying the k-th phase angle. In this etrant, the
average becomee: ’
5 A(R) = (1/(x - DNa(K) - 3(1)) - 90=
+ (1/(x - Pla*(x) - a* (1)), ..
%here the third term on the right-hand side represents an additional
phase error resulting from the first through the K-‘-th no.'tse components,
Iz Flg. 1, the angle of 90° from the (k-1)-th sampled veetor | ’ '
20  1s depleted by a thin straight line ending st the origis 0 of .
the phase plans, It is now understood that fhe frequency error
isimﬂmmmalbthamuseewwumwu!uwmqmmﬁngthefmun
_ tnnmgbfmeRkﬂ:amnﬂaivmeuus. _
Referring to Fig. 3 with Fig, 1 continuously referred
25 %o, s quadrature demodulator device is for quadrature demodulating
the received signal indicated at R, Inphase and gquadrature components
of the local gigna] are collectively indicated at L and will

be called the local signal, The sampling sigoal 1s indicated -



-4- nunber in each burst, where mrepresents a predeterm ned int'e"ge'r-; (b)
mean$ for calculating zeroth through (2m2)-th phase errors, each phase -
error acconpanyi ng a phase difference between two adj acenm‘iﬁﬁ HaSFBetchRillaced .

sanpl ed vectors; (c) neans for calculating a dividend by u

t hrough t he (2m2) th phase errors; and (d) nmeans for di VI N
by a divisor conprising the sanpllng period, wherein the dividen
cal cul ati ng neans conprises: (A) nmeany for calculating zeroth through
(ml)-th averages, each average as regards m consecutive ones of the zeroth
t hrough t he (%trr?Z) th phase errors starting at a g-th phase error of the
zeroth throug he (2m 2)-th phase errors with q varied o -

By using the ianphase and the quadrature components ' ‘;-.
of the Tooal signal; 2 quadrsture demodulator (DEMOR) 11 demodulates
the recelved aignal inte inphase and quadrature signal components

5 I and Q (the same reference symbols as the I and the Q axes being
used), Supplied with the sampling signal of the sampling peried -~ .~ "' o-
'which is equal to the symbel rate described before, inphase and |
quadrature A/D converters 13 and 1§ convert the inphase and the
quadrature signal components into digital samples whiéh are the

10  inphase amd the quadrature components I(k) and Q(k) described
in the foreguing, |

Supplied:with themphaso and the quadzatire components
and the sampling signal., 8 dig:.taliigiml processor 17 produces
a processor output signal indicative of the frequency' error Af .

15  from time to time, Vhen the conventional frequency error detecting
method is used, the processor 17 carries out the steps .illustrated I8
with reference to Fig. 2. It is poseible to use the guadrature P

. demodulator device ia dealing with the rTeceived signal &s follows

in accordance with this inveation, In eithgx: event, it is readily

20 possi‘b].e to implement the processor 1? by a microprocessor.
It 1s additionally possible to use the microprosessor in dealing
¥ith the received signal for reception, such as collation of
en identification nuaber indicative of a mobile station comprising
the quadrature demodulator device being illustrated,

| 25 . Referring afresh to Fig. 4 and again to Fig, 1, the ' ~

description will procead to a frequency error detecting method
accmxung' to z preferred embodiment of this invention. Speps

similar to those described in connection with the conventional _-' "‘



bet ween zero and (ml), both inclusive; and (B) neans for cal cul ating as

the dividend a nean val ue of the zeroth through the (ml)-fhaverages—Ha——
accordance with a further different aspect of this- |nvent|0ﬁIhzst§h&%EasBe§n laced
provided a quadrature denodulating device which is for

a received signal  derived from a transnitted signal Hm,’gm eﬁ
digital angle nodulation by a synbol sequence to have a cdnsta

difference in each synbol period and Pg whi ch a frequency :‘error of a
| ocal |y generated frequency relative a reception frequency of the

received signal. is detected by a frequency error detectlng arr angenent
conpri sing: (afrequamy drzor datesitisgmetised r"él%b?é@'%ﬁ%ﬂ by \Like safprence si gnal
at a sanpling period into sanpl ed vectors 2min nu i n_each burst, efré
m represents YIPelfat e snshen nf fgEpled Yeetors in, each Fc‘ﬁllétqq'fg zeroth ;
through (2m-t,0 BOASCH Sal 3ySsy 98C"HE2SE £'shVarsanle between 1 and e

2n, both inclusive. Here, (2m - 1) is alwaya taken z.nto account
5  because {(2m - 1) represents an odd.integer.

- Like in the_coﬁvenbimél frequency error deteeting

method, the transmitted signal is received as the xeceived signa;'

at a first step £1. Bach buret of the received signal ia sampled

into the first through the 2m-th sampled veotors X(l) to Xx(2m)

10 at 2 second step 52. The first through the 2u-th phase angles N
4(1) to &(2a) are calculated by using Equation (1) in a subsequent ' .
atep Miich 1s called the third preliminary step in Fig. 2 and
#1ll now be referred to simply as a third step B3, NE

At a fourth guaternary 'step si(1), a q-th average #(q) ; 2

15  of m comsecutive phase errors is calculated with the (p-1)-th
phase error used as & q-th phase error, starting st the g-th
phase error, where q 1s variable between gero and {m - 1), both
inciusive. This q-th average will'herein be t'!asigna.ted simply
by #(q). In this sanner, the first througn the 2m-th phase angles

20  are used_in calculating such averages #(0) through #(m - 1) in
the example being illustrated. At a secend quaternary step S4(2),
an arithmetic mean value #{MV) of ths zeroth through the (m-1)-th
'avengas is ealculated for use as a dividend in place of the
average p(a) described in conjunction with Fig, 2, The first

25  and the second guaternary steps will collectively be referred E

| to as a fourth step S4, at which the dividend 1s celoulated by °’
using the zeroth through the (2m-2)-th phase errors. Subseguently,
the dividend is divtdsd. at a fifth step 5% by the divisor comprising



acconpanyi hg a phase difference between two adjacent ones_of the sanpled .
vectors; (c) means for calculating a dividend by using the zeroth through
the (2m2)-th phase errors; and (d) neans for dividing the T S Bogn Replaced
di vi sor conprising the sanpling period, wherein the divi dendl N
means conprises: (A neans for calculating zeroth thr

aver ages, each average as regards m consecutive ones of the zeroth through
the (2m2)-th phase errors starting_a? a g-th phase error of the zeroth .,
through the (2m2)-th phase errors wi A q varied. between zero and (m- 1),
both inclusive; and (B) nmeans for cal culating as the dividend a nmean val ue
of "t he zeroth ther sanphinghperind [tp-gat thecfreguescy prrer- 44SCRI PTI ON OF THE
DRAWNG Fig. 1 shows sanpled vectors sanpled froqm.a recei ved signal used

in a quadrature demoduifatBs fyThhAter. He " Histaie BonRMIPsLIMHS appli cabl e;
the g-th phase error is acconpanied by a g-th noise component

a'(g). The q~th average is calciflated by:
5 #(a) = (2/n)(a(q + =+ 1) - a{q + 1)) - 90°
' + (1/a)a’(g ¢« m + 3) -'a'(a + 1))

Tt should be noted 4hat the arithmetic mean value 1s o~
saleulated with the sercth through the (2n-2)-th phase scrors |
used in calculating the m avarages is total with the g-th through

10 the {q+n)-th phase errors shifted one by one £rom q of zero up
to q of (m -~ 1), Tt is therefore qualitatively clear that the "o
arithestic mean value is less influenced by the noise components
accompanying the first through the 2n-th sampled vectors thaa
the average used in thé aonventional frequency et.z'or detecting

15 - aethad,

Influense of such noise components will now quantitatively
be considered, Accompanylng the g-th average, a g-th additicnal
yhese error for the m consegutive phase errors will be denoted
by 2(q). Such an additional phase error is glven by .-

20 - @) e /R)a(atase1)-at(ge 1)),

¥When the first through the 2n-th soise components have a divergence U
0", the q-th additlional phase error is given by: ~ - o
%(q) = 237a7/2, | (5)
In the copventional frequency error datecting aethed, the thizxd

25 terq on the right-hand side of Equation (3) 1s apprm:imtely' |

equl tor |

o/(za - 1). ' _ (5)
Comparing Equation (4) with Formmla (5). 1% i appretisted that



Fig. 2 shdws a flow chart for use in describing a conventional frequency ®
error detecting nethod; - -5- Fig. 3 is a block diagramof a quadrature
denodul at or device to which this invention is applicable; anThifShget Hds BaqmReplaced
a flow chart for use in describing a frequency error detectin :
according to an enbodi ment of this invention. DESCRI PTI ON OF

EMBODI MENT Referring to Fig. 1, a frequency error detecting nethod wll be
described in general. The frequendj‘ error detecting nmethod is used in

the additional phm sxror ia analler in the example of this
iavention than in the conventional frequency error detecting
method 1if f,ho predetermined number 2m is equal to or greater |
than 36. The frequeacy error 1s accordingly less in the example | \;._
5  being illustrated tham that deternsaéd by the comvestional frequency |
arror detecting aethod. | | |
Iﬂ'.g.a.zmﬁuillbe reviewsd, In the third prelimipary R
step 83(P) of Fig, 2, the firet through the 2n-th phese sngles ‘.-
8(1) to 4(2n) are calculated. This step is aot uaed in practice
10  $m Pig. 2 with the practical third step 53 used instead and is
mentioned in connectlon with F‘.Ls.l 4 afresh as the third sfep
S3. It is comseguently possible to understand in Figs. 2 and °
i that the first through the (2a-1)-th phase errors or the zeroth .
through the (28-2)-th phase errafs are calculated in the third
15  step 83, |
¥hile this invention has thus far been deecribed in ' .
specific conjunction with a sole preferred embodiment thereof,
1% will nov be readily posaible for one skilled ia the art to - i
put this invention in varicus other manners into practice, For |
20 example, it is possible ;to calculate the dividend in the second |
quatams;y step S4(2) by ealculating similar aean value or median
of the zeroth through the (m~1)-th averages, me.cdnsunt phase
difference is kept in each burst whea the digital angle modulation
18 the MSK modulation or any other like modulation,



quadrature denodul ation of a received signal derived by r_w
transmtted si gnal subj ect ed to digi tal . angl e ation
a transm ssion carrier by a synbol sequence of a predeter lﬂ’”r”ﬂ”!ﬂﬂfﬂ

to have a constant phase difference during each synbol peri

transmtted signal, the synbol sequence provides, for exarrpl & sax
preanbl e. Fof use in the quadrature  denodulation, a _local signal is
generated with a locally generated frequency. The: locally

generated frequency has a frequency edbor [err]f relative ﬂhsahcbt&nepéehnﬁaced

frequency of a reception carrier carrying the received signgl
quadr at ure denodul ati on, each burst of the received signal
sa

sanpling signal at a sarrpl ing period T into first thrdugh K-t
vect ors, wher emmrrm)msrsa predet er m ni ng nunber -which is typ| caI I y

in quadrature denod\thtion of a received sigpal derived from
a transmitted signal subjected to digital angle modulstion by °
a syrbol sequence to have a constant phase difference in each
5 . sysbol period, a frequency error of of a locally gepersted frequency
relative to a reeeption freguency of maid received signal, sajd
frequency erzor detecting method comprising the steps of sampling
said recelved signal by a sampling signal at a sampling period |
into sampled vectors 2m in gusber, where a represents a predetermined
10 integer, calculating seroth through (2n-2)-th phase errors, each
phase error accompanylng a phase difference between ¢{wo adjacent
ones of sa.id sampled vectors, csidula.ting a.ldiWnd by using
said Zeroth through said (2n~2)-th phase errcrs, and dividing R
said dividend by a divisor =ompmings§aid sampling pe_riod.. vwherein . l'
15  said dividend calculating atep comprises the steps of: |
| ecalculating seroth through (m-1)-th averages, emch
average as regurds m consecutive ones of said zeroth through
said (20-2)-th phase errors starting at a g-th phase error of
- said zeroth through said (2m-2)-th phase errors with q varied
20  Detween zero and (n - 1), both imluaiw- and
| ca.lcu]ating as sajd d.wi.dend a mean value of saild zeroth
through said (m-1)-th averages, ~
2, A freguency error detecting method as claimed in
Claim 1, vherein eaid predetermined integer 1s not less than
L1fteen. o .' | B



generality. I't shoul'd be noted in the follow ng that k

l-nteger variable between | and K This edsi ve, Bimlﬁ @quumf
zero is taken out of consi deratlon ﬂ th and (

~vectors X(k) and X(k - 1) are |I_Iu -th sanpl ed vector has a .
k-th in phase.or | conponent I(k) and a k-th quadrature or Q corrponent

Q k). The k-th and the (k-1)-th sanpled vectors are depicted on a.

phase pl ane defined by I and Q axes Wi ch intersect each other at origin O
(oh) and are understood as being orthogonal nerely for sinplicity of the

description. On the #L@Bﬁ% B TeCsbdv &F obiinsd knk - t h- phase,
angl e .or argunent K e (k- I) th sarrpl ed vector has a (k-T)-¢p.

phase angl e [ﬁiﬂn% muemhiﬂpwtﬁbmﬂeeﬂbdahﬁenﬂg GpussianpfLIAeT absol ut e
val ue, such as ase angle is neasured with a plus or a mnus sign
count ercl ockw @Hift keying dodulation,
L, A frequency error detecting method as clained in
Glai.h 9, wherein said predetermined integer is not less than |
f1fteen, |
5. A frequency error detecting method as clsimed in
Claim 1, wherein said digital angle nodula-ﬁ.ﬁ 1s_ninimm phaso
shift keying. S - \
6. A frequency error detecting method as claimed in
Clain 5, wherein said jiedébérmiped integer’.is fot less than
. 9. A frequency srror detecting device for detecting, i e "
in quadrature demodulation of a received signal derived from
a tranamitted signal subjected to digital angle modulation by
a eymbol sequence &b hawe a constaat phase difference in each
L1 syn'bul period, a frequency error of & locally generated frequency
roia:l‘.i.ve to0 2 reception frequency of said received signal. said
frequency exror detecting d.evj.;:e comprising means for sampling
said received signal by & sampling signal at a sampling perioa
into nu.n;led vestars 2u in minber in each burst, where @ represeats
'10 & predetermined integer, means for ealgdlaging sercth through
(2m-2)-th phase errors, each phase error accompanylng a phasc
‘difference between two adjacent ones of sa.id. sampled vectors, {
means for caleuliting a chvidend 'by using aaid seroth through
sald (2m-2)~th phase errors, and means for dividing said dividend
15 by a divisor comprising sald’ supl!.ng period, wherein said dividend
calculating means comprises:



the I+ axis. The k-th and the (k )-th sa

ectors have a p-th phase
di fference 0(p), where p is equal to?’j
I

rrp
riabl e between I and—
(K- 1), both inclusive. Wien the digit ation :
‘transm ssion carrier is the GVBK nodu here” H IIHH“!ﬂ#I]
o x

phase difference is always equal to angle in thex taansmnk
signal during each -6- synbol perlod. Thi s phase difference of a
constant phase difference is kept in ®he sanpled vectors during each burst
if the locally generated frequency 1is exactly equal to the reception

frequency. T(fl‘:‘in.up‘??c%ﬁtmed;)

means for caleulating gercth thrnush (2n-2)-th averages,
eath average 28 regerrls n consecubive ones of ssid sercth through
said (2m-2)-th phase errors starting at & g-th phase error of

20  said seroth through said (2n-2)-th phase errors with q varied
| between zero and (= ~ 1), both tnclusive; and

means for calculating as said dividend 2 mean value
of said geroth throigh said (n-1)-th averages,

8. A frequency error detecting device as claimed in. ' . 1
Claim 7, wherein said gEgi¢tdraimdd infsgmt.ts et lese than t :
fifteen,

9. A frequency error detecting device as elaimed in
Clain 7, whezeln said digital angle nodulation is Geussian filter
sinimun shift keying modulation, - |

10, A freqneﬁcy erroxr det_ecung device as claimed
in Claim 9, wherein said predetermined integer is aot less than
fifteen, ' | '

Il. A frequency error detscting device as claimed ..
in Claim 7, wherein said digital angle modulstion is mipimus |
phlse shift keying mofulation.

12, A frequency error lstecting device as claimed ,
in Claim 11, svherein said predetermined integer is not less than . ‘e
Tifteen, |

13. A quadrature demodulating device for demodulating
a received signal derived from & transmitted ;lighal subjected

to digital angle modulation by a symbol sequence to have a constant
phase difference in each ggabol period with a frequency error
5 of a dooally generated frequency relative to a reception freguency



Tortrerence between the k-th and the (k-1)-th sanpled vectors - may,
however, Dbe acconpanied by a p-th _phas (ﬁrror [err](p) which is

not necessarily equal to zero ZhigShest ‘Bdly indicated in Fig. 1.
Turning to Fig. 2 with Fig. i sly referred to, a -
conventional frequency error det wi ||l be described in order to
facilitate an” understanding of the presenWi s -
conventional frequency error detecting nethod is for etecting the
frequency error described in the for egl'ﬂ ng with thfummlmmm' used.
The transmtted signal is received as the.received ' ’mnt step

Sl .- Each bur st{cosid % coptimbeddd signal is sanpled into t'he " i Bst *t hr ough

the K-th sanpled vectors X(I) to X(K) or X(2m) at a second step S2.

Al t hough her ei nfussidcessived sigaal detdcted by ja fxuquencyberror detentdngerel y for

conveni ence of the description which-follows that the first
arrangement comprising means for sampling said received signal
by a mplmg signal at a sanpling period into sampled vectors
2m in pusber in each burst, where am repreunﬁ a predetermined

10 integer, means for calculating zeroth through (Zn-é)-th phase

errors, each j:hase error accompanying a phase diflerence detween v

two adjacent ones of said sampled.vectgrs, means for caloulating
'8 dividend by using said seroth through said (2m-2)-th phase
errors, and means for dividing said dﬁvtde;xd by a divisor comprising
15 8ald sampling period, whereln said dividend calculating meaas
comprises: : ‘
means for calculating zeroth through (m-1)-th averages, .
each average as regerds m consecutive ones of said zeroth through
_ said (2m-2)-th phase errors starting at a ¢-th phase error of
20  sald geroth through said (2m~2)-th phase errors with q varied
between serc and (m - 1), both inclusive; and IR
- means.for calculating as said dividend a mean value - i
of said zeroth through eaid (m-1)-th averages, |
. _ b, A iMnﬁ:&epoduhthg device as claimed in
Claim 1), wherein said predeternined integer is net lese than
fifteen, ' _ '
15. A quadrature demodulating device as elained in
Clain 13, wherein said digital angle modulation is Caussian filter
ainimn sheft keying modulation. |
16. A quadrature demodulating device as claimed in
Claim 15, wherein said predetermined integer is not less than
fifteen, '



thraugh.the K-th pRaSK.AdRES %(I) to a(2m are .cal cm\
prelimnary step S3 1Ct i cal third step S3, cal EM ﬂ#

first through t he (MJMM&HH errors [err](l) to [err] ”'K%B]ﬁ'
phase error [err](p t he R th phase difference bet vieer

k-th and the (k-1)-th sanpled vectors. "Attention will be directed to the

practical third step £B. mmi?%( g:lm}nigrat the k-th .
phase angle is given by: [er?]%E arctan E)/IEk) .°

(1) The p- twhepdin sfid digitibapioBodiativh \ERinkiiim ?mém]kéﬁhgmoﬁhﬁﬁaﬂk - 1),
L(k - 1)QK)) /([err]X(k - I)[err]X(k)[err] (2)
I n the GVBK nodul at i onl18heAequddeatre damadulating dewicecis fclaimeahineClaiim PN err] i s
kept in the p-th phase di fferences during each burst, the p-th phase P
whetemsaldpredeﬁcrmmadmgerismtlessthanﬁﬁeen _ g
5 19. Ameﬂxodofdctecnngﬁ'equemyermt,saldmethodbemg L
substantially as herein described with reference to Figs 3 and 4 of the accompanying
drawings. '

20. A device for dirccting frequency error, said device being
_ substantially as herein described with reference to Figs 3 and 4 of the accompanying
10  drawings. : | |
 21. A quadrature demodulating device, said device being
substantially as herein described with refercnce to Figs 3 and 4 of the accompanying -
drawings. , R4



error-is _g—i ven by: [err](p) [err]{.lp L ach phase error is
suff|C|entIy | ess than one radian. ‘ﬁerefore e

cos[err](p) = [err](P). Wien the GVB used,

vect ors have a substantially comon soI ute v [m

received signal. Therefore: [err](p) (I(k)Q(k- Il - 1(k -IlY

[err] REPLACEI\/EI\FI‘ SHEET Date .27 AUG 1998’
-t - - — - s ..“‘.. 40 SUBSTanT m‘ gach

burst, Zeroth to (m-1)-th averages are calculated (s4(1)), each

average #(q) as regards = consecutive ones of the phase errors

startug at a g-th phase error of the phase errora with q varied
10  between zero and (m ~ 1), both inclusive, The frequnncy error

is calculated by dividing a mean value (3(2)) of theue R averages

by 2 dﬂ.ﬂsﬁr cmpnsj_ng thg sampling peried,
(M. 4)



-T-"At.a f-ourthwg_f'ep S4, an average [err](A) of thefiTst tThrough the

(K-I)-th phase errors is calculated as follows: K-1 [ cahisbhef)HasBédnReplaced -
T))[éerr] [err](p). p=1 Dividing at a fifth step S5 th wﬂf m he-
ention w

phase errors by a divisor conprising the sanpling perio cy -

error i-s calculated by: [err]f =TJerr](A/ (2[err]T n now

be directed to the fourth step S4. -"Cal cul ation ' Y
' : : 20 C

ABSTEACT OF THE DICIOSUEE:
PRECISE DETECTION-OF- FREQUENCY ERROR FOR BURSTS -MODULATED BY
PREDETERMINED SYMBOL SHQUENCE .
¥ith a received aignal quadrature demodulated and with
each burat of the received signal sampled (52) into 2m sampled '
vectors, a frequency error of a local_frequency is detected by
calculating zeroth to (2m-2)-th phase errors, each phase error
5  accompanying a phase difference which ie present between two
. adjacent ones of the sampled vectors and is constant during sach
burst, Zeroth to (n—l.)-th averages are caloulated (B!&(l)).. each
averaée #(q) as regards m consecutive ones of the phase errors ‘o
starting at a g~th phase error of the phase errors vith g varied
10 between gzero and {m - 1), both inclusive, The frequancy error
is calculated by dividing & mean value (4(2)) of thesé m averages
by a divisor comprising the sampling pericd,

(Pag. 4)



of The @average is equiVaient to: [err](A)———tTT(RT"—I))( err](K) -

Terr1(l)) - 90. - (3) The k- thTh,g IHasjBeev B@/
_acconpanied by a k-th noi se conponent a' |ng the -ﬁ

phase angle. In this event, the average b (17 (K-

1)) ([err] (K -_[err](l))---90, + (/1 ( K- err (K) [err](I)) mhere

the. third term on the right-hand side represents an additional
phase error resulting fromthe first ghrough the K-th noise conponents.

In Fig. 1,7 the angle of 90[err] from the (k-1)-th sanpled vect of*
I's depicted by a thin strayght Iine erqding at the origin O of the phase
pl-ane. It is now rstodd that thelfrequency error is influenced by the
noi se comnponents C@npanyi Ng the firdt through the K-th sanpl ed
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weetorsTRererring to Fig. 3 with Fig. 1 COﬂ[InUOUny refert ed to
uadr at'ure denodul ator device is for quadrihisiShet B BoghH, gﬁdeﬁlg the .

ignal indicated at R In phase and quadr
ignal are collectively indicated at L
ocal _signal. ' '

. -The sanpling signal is.indicate
nd the quadrature conponents of the |ocal signal,

- signal conponents | and.Q (the
axes being used). Supplied wt

ale refere
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which is equal to the synbol rate de ped before,
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and the: Q.
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é?ved
ts of the Iocal
called
using the in phase
a quadr at ur e denodul at or
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Sanpl es-;.v\,hi ch are the in'phase and the quadrature—conponents | (k) and Qk)
.desgribed in the foregoing. = -8-.Suppli ethiysHett Hak'Beeh Regiltase and 3h’§
‘quadrtat ure conponents and the sarrpl i ng g | signal
processor 17 produces a processor out puﬂﬂlﬂ“muwu ive of tThe
frequency error [err]f fromtime to tine i onal frequency

error det'ecting nethod is used, the processor 17 carriers out the steps
illustrated with reference to Fig. 2. It is possible to use the quadrature

denodul at or device in dealing w eived signal as follows in
accordance with this inventi on.t STAR’T

1

t ransmitted .'a:f?,u! ‘Y-l(g.'ll_cpl -h" 51
Gs recelvad s-'pw( : [
.._émk bui_'sf' sam },—!eal .ht.-t‘o $3
X{4) ~ YXlzm)
3
oL colendtate, sy - -
&0~ & Comd T
\ . <
-
B calculale dveidie qﬁ( ) ¢ c
e e e aaipaiirhidnt ooth 7 £ 5. g GO e
¢5ﬁ’)~¢ (b4m) Cpi= g-ﬂ] .54&)_ |
- i | I
Caf_cflafe meéan l’t'(fl g_.é'[u'v). NP s
of $Cg) [ =0~m-1] |
| i <o ?c..late.
2 Af' 3




3

In ‘ei tHer event, it is readily possible to inplenment the proces jw_ 7 Q
m c[ oprocessor. It is additionally possible to use the nicrgi 8% §%b%\§n

'

dealing with the received signal for reception, such as collation of an
i dentification nunber indicative of a nobile station conprising the
quadr ature denodul ator device being illustrated. Referring afresh to Fig. 4
and again to Fig. 1, the description w-lt proceed to a frequency error

detecting nethod -accor ¢i.pg; 4.0 eL ed. REhQAE PR +4f pifits i nvention
Steps simlar to those 3@2%?%b%%mggﬁ%bénec%fbnadfth tEe conventi ona
frequency error detectingMPtintR W |AredtepRisi BhaVBRPIHYRAUERE r ef er ence
synbol s.  The nunbgackofoundngf ehe I@gértiisn:i n each burst will now be denoted

e e g e g L

odd integer. 1n quadrature demodulation of a received signal derived by reception of a
transmitted signal subjected to digital angle moduiation of a
transmission carrier by a symbol sequence to have a constant phase
difference during each symbol period, a frequency error which a locally
generated- frequency has relative to a reception frequency of a reéeption
carrier carrying the received signal. Such quadrature demodulation is
known in the art as described, for example, in Japanese Patent
Prepublication (A No, 23,742 of 1991. L.

Portable telephone and 1ike mobiie communication systems are
recently in wide use. In a radio communication network 1ike the mobile
communication system, communication between a transmitter station. and
mobile stations is bidirectionally carried out by transmitting from the
transmitter station a transmitted signal on a transmission carrier of a
predetermined carrier frequency.

For transmission of the.transmitted.iignal to the mobile stations,
the transmission carrier 1i1s digital angle modulated by a predetermined
symbol sequence of a symbol rate to prdvide a preamble in the transmitted
signal. Each mobile station receives the transmitted signal as a received
signal with the transmission carrier received as a reception carrier for
quadrature demoduiation of the received signal. For use in the quadrature
demodulation, each mobile station comprises a Jlocal oscillator for
generating a local 'signal of a local frequency related to the
predetermined carrier frequency.

The transmission carrier has a transmission frequency which may be
subjected to a slight shift from the from the pre@etermined carrier
frequency. The reception carrier therefore has a reception frequency
which may be a little different from the prédetermined carrier frequency.
Furthermore, the Tlocal frequency is Tiable to fluétuations from' the'
predetermined carrier frequency.

The frequency error must consequently be detected for the
quadrature demodulation. It is possible on detecting the frequency error

. to use the fact that the transmitted signal has a constant phase
difference in each symbol period while the fransmission carrier is”
modulated by the predetermined symbol sequence and that the received

' REPLACEMENT SHEET

7 AUG 1998

(DL | [ S




; ' e+ i e

Li ke in"the conventional frequency error detecting nmethod, the transnitted
signal is received as the received signal at a first step S1. Each burst of .
the received signal is sanpled into the first through the 2mth sanpl ed
vectors X(1) to X(2m at a second step S2. The first through the 2mth
phase angles [err](l) to [err](2m are calculated by using Equation (1) in
a subsequent step which is called the tdrird prelininary step in Fig. 2 and

wi |1 now be ref&rhedal 0tt§e"$ tj@rg aphsgu [ £90RcSOneath el OhLdeAHAN ST NERY
g

step $4(1), a g-th_ average m consecuti ve se errors is

cal cul at ed wi EhoktRE (lbglf) s BRY oPe et a‘@a‘éssd]a{)h I‘?ﬁEe"‘é‘?‘r"iS’F‘ shift
starting at thkeyiggl hmqim.aamoarrMSK Wiwigni ung dphaseqr isabfte I@gnmermozle‘ra:ham,d ém -
1), both incl ysiVeoquiafftns a-th average wi Il herein be designated sinply

by [err](a). In |s manner, the first. through the 2m.th phase angles are
used in cal cul ati nB‘ sﬂ\@hméﬂf@(aﬂﬁ‘sc“[ é"”’j (l@fer be”described in greater det

conventional frequency error detecting method comprises the steps of: (a)
sampling the received signal by a sampling signal of a sampling period
into a predetermined number of sampled vectors in each burst, (b)
calculating phase errors, each phase error accompanying a “phase
difference between two adjacent ones of the sampled vectors, (c)
calculating an average of the phase errors as a dividend, and (d
dividing the dividend by a divisor comprising the sampling period. It is
possible to understand the predetermined number as 2m without loss of
generality and to refer to the phaSe errors as zeroth through (2m-2)-th
phase errors.

The average theoretically depends only on a tota] phase error
accompanying a total phase difference between the first and the 2m-th
sampled vectors with no regard to the second through the (2m-1)-th
sampled vectors. Each sampled vectors maysy however, be influenced by a
noise component. If the first or the 2m-th sampled vector is influenced
by an appreciable noise component, the frequency error!is influenced by
the noise components and has a detection precision 11abye to fluctuations
resulting from the noise components accompanying the received signal.

SUMMARY OF THE INVENTION

It is consequently an object of the present invention to provide a
frequency error detecting method_of detecting, in quadrature demodulation
of a received signal derived from a transmitted signal digital angle
modulated by a symbol sequence to have a constant phase-difference in
each symbol period, a frequency error which a locally generated frequency
has relative to a reception frequency of the received signal and which is
precise and accurate.

It is another object of this inventjon to provide a frequency error
detecting method which is of the type described and by which the
frequency error is detected with a high detection precision even if the
received signal is accompanied by noise.

It is still another object of this invention to provide a frequency
error detecting method which is of the type described and which achieves
the high detection precision even if a noise component accompanies each
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[err](m - 1) in the exanple being illustrated. At a

second quaternary step S4(2), an' arithnetic nean value [err] (W) of
the zeroth through the (m1)-th averages is calculated for use as a

dividend in place of the average [err](A) described in conjunction with
The first and the second quaternary steps wll collectively be
-9- a fourth step S4, at which the dividend is cal cul ated

Fi g.

2.
referred to as

by using the zeroth through the (2ﬁ%2)-th phase errors.

Sub- sequent khyctort Rempididvirdemdthe SredkMiededighal aafielt thet egreIbedysitghel diyvi sor

corrprl si ng tqna r%%'}'rpel "%dgeate(ad to get the frequency error [err]f.

It is a different object of this invention to provide a frequency
_error detecting device for carrying out a frequency error detecting
method of the type described.

It is a further different object of this invention to provide a
quadrature demodulating device in which carried out is a frequency error
detecting method of the type described.

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

In accordance with an aspect of this invention, there is provided a
frequency error detecting method of detecting,-in quadrature demodulation
of a received signal derived from a transmitted signal subjected to
digital angle modulation by a symbol sequence to have a constant phase
difference in each symbol period, a frequency error of a locally
generated frequency relative to a reception frequency of the received
signal, which frequency error detecting method comprises the steps bf:
(a) sampling the received signal by a sampling signal at a sampling
period into sampled vectors 2m in number in each burst, where m
represents a predetermined integer; (b) calculating zeroth through
(2m-2)-th phase errors, each phase error accompanying a phase difference
between two adjacent ones of the sampled vectors; (c) calculating a
dividend by using the zeroth through the (2m-2)-th phase errors; and (d
dividing the dividend by .a divisor comprising the sampling period,
wherein the dividend calculating step comprises the steps of: - (A)
calculating zeroth through (m-1)-th averages, each average as regards m
consecutive ones of the zeroth through the {(2m-2)-~th phase errors
starting at a g-th phase error of the zeroth through the (2m-2)-th phase
errors with q varied between zero and (m-1), both inclusive; and (B)
calculating as the dividend a mean value of the zeroth through the
(m-1)-th averages.
| Ih accordance with a different aspect of this invention, there is
provided a frequency error detecting device which is for detecting, in
quadrature demodulation of a received sidnal derived from a transmitted
signal subjected to digital angle modulation by a symbol sequence to have
a constant phase difference in each symbol period, a frequency error of a
locally generated frequency relative to & reception frequency of the
received signal and which comprises: (a) means for sampling the received
signal by a sampling at a sampling period into sampled vectors 2m in

[
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In this fourth step, it will again be assuned that the g-th phase error is
acconpani ed by a g-th noise conponent a'(q). The g-th average is

cal cul-ated by: [err](q) = (I/m([err](g + m+ 1) - [err](qg + 1)) - 90[err]
+ (I/m(a'(g+m+1) - a(q+ 1)). It should be noted that the arithnetic
mean value is calculated with the zeroth through the (2m2)-th phase errors
used in calculating the m averages in_%ptal with the g-th through the
(g+tm-th phase errors shifted one by ohe fromqg of zero up'to q of (m- 1).
It is therefanabeualn teath vialrgt cl eferet hatefriaserdsi thpeddetemmaaed valteger;s (bess

i nfluenced bypd;pe ﬂf}' &l @@Hmae%%tﬁcemawozmgmt e JHaEé%&BF?%Bc@ Nehadl? th
sanpl ed vectors than averag used convent i gnal %uency
error detect|?ﬂ§°ﬁtﬁq$BBPa"y’"g a phase difference between two adjacent ones of

sampled vectors; (c) means for calculating a dividend by using the zeroth
through the (2m-2)-th phase errors; and (d) means for dividing the
dividend by a divisor comprising the sampling period, wherein the
dividend calculating means comprises: (A) means for calculating zeroth
through (m-1)-th averages, each average as regards m consecutive ones of
the zeroth through the (2m-2)-th phase errors starting at a g-th phase
error of the zeroth through the (2m-2)~-th phase errors with q varied
between zero and (m-1), both inclusive; and (B) means for calculating as
the dividend a mean value of the zeroth through the (m-1)=th averages.

- In accordance with a further different aspect of this invention,
there 1is provided a quadrature demodulating device which is for
demodulating a received signal derived from a transmitted signal
subjected to digital angle modulation by a symbol sequence to have a
constant phase difference in each symbol period and in which a frequency
error of a locally generated frequency retative to a reception frequency
of the received signal. is detected by a ‘frequency error detecting
arrangement cdmprising: (a) means for sampling the received signal by a
sampling signal at a sampling period into sampled vectors 2m in number in

" each burst, where m represents a predetermined integer; (b) means for
calculating zeroth through <(2m)-th phase errors, each phase error
accompanying a phase difference between two adjacent ones of the sampied
vectors; (c) means for calculating a dividend by using the zeroth through
the (2m-2)-th phase errors; and (d) means for dividing the dividend by a
divisor comprising the sampling period, wherein the dividend calculating
means comprises: (A) means for calculating =zeroth through {(m-1)-th
averadges, each average as regards m consecutive ones of the zeroth
through the (2m-2)-th phase errors starting at a g-th phase error of the
zeroth through the (2m-2)-th phase errors with q varied between zero and
(m - 1), both inclusive; and (B) means for calculating as the dividend a
mean value of the zerdth through the (m-1)-th averages.

BRIEF DESCRIPTION OF THE DRAWING:

' Fig. 1 shows sampled vectors sampled from a received signal used in

a guadrature demodulator to which the instant invention is applicable;
Fig. 2 shows a flow chart for use in describing a conventional
frequency error detecting method; '

|
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consj der ed.

of such noise conponents wll now quantitatively be
Acconpanying the g-th average, a g-th additional phase err

for thé mconsecutive phase errors will be denoted by E(Q). Such

addi ti onal

[err], the

or
an

phase error is given by: E(q) = (1/[err])(a' (g + m+ 1) - a (q +
1)). Wen the first through the 2mth noi se conponents have a divergence

g-th additional phase error is given by: E(q) = 2[err]

(4) In the conventional frequency errgr detecting nethod, the third termon
the right-hand side of Equation (3) is approximtely equal to: [err]/(2m -
Fig. 3 is a block diagram of a( gyadcaiusar fepdEtptari 8evice) toi th

1)

Fornu]a (5) ,whiith ithi appresiiah 6d bpAtcdthe; addi tional phase error is snal

in the exanple o&ighié inve

shows Q§|f?gwtc %Pt for use in describing a frequency error
detecting method according to an embodiment of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 1, a frequency error detecting method will be
described in general. The frequency error detecting method is used in
quadrature demodulation of a received signal derived by reception of a
transmitted signal subjected to digital angle modulation of a
transmission carrier by a symbol sequence of a predetermined symbol rate
to have a constant phase difference during each symbol period. In the
transmitted signal, the symbol sequence provideé, for example, a
preambie. For use in the quadrature demodulation, a local éigna] is
generated with a locally generated frequency. The locally generated
frequency has a frequency error A4f relative to a reception frequency of
a reception carrier carrying the received signal. _

In the quadrature demodulation, each burst of the received signal
is sampled by a sampling signal at a sampling period T intd first through
K-th sampled vectors, where K represents a predetermining number which is
typically equal to 128 and can be denoted by 2m without Jloss of
generality. It should be noted in the following that k represents an
integer variab]é between 1 and K or 2m, both inclusive, and that <k - 1)
of zero is taken out of consideration.

In Fig. 1, k?th and (k-1)-th sampled vectors X(k) and Xk = 1) are
illustrated. The k-th sampled vector has a k-th in phase or I component
Itk and a k-th quadrature or Q component Q(k). The k-~th and the
(k—l)—th sampled vectors are depicted on a phase plane defined by I and Q
axes which intersect each other at origin O (oh) and are understood as
being orthogonal merely for simplicity of the description. _

On the phase plane, the k-th sampled vector has k-th phase angle or
argument &(k}. The (k-1)-th sampled vector has a (k-1)-th phase angle
a(k-1). Although depicted as being given by an absolute value, such as a
phase angle is measured with a plus or a .minus sign counterclockwise from
the I axis. The k-th and the (k-1)-th sampled vectors have a p-th phase
difference ©(p), where p is equal to (k - 1) and is varjable between 1

and (K - 1), both inclusive.

When the digital angle modulation of the transmission carrier is
the GMSK modulation mentioned hereinabove, such a phase difference is
always equal to 90° of angle in the transmitted signai during each

er

...........................
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‘in the conventional frequency error detecting nethod if the predeternined
nunmber 2mis equal to or greater than 30 (i.e., if mis not less than 15).°
The f.requency error is accordingly less in the exanple being illustrated
than that determ ned by the conventional frequency error detecting mnethod.

Figs. 2
of Figs.

and 4 will be revi ewed. In the third prelimnary step S3(P)
2, the first through the 2mth phase angles-[err] (1) to [err](2m

are cal cul at ed. This step is not used in practice in Fig. 2 with the

practi cal
-10- Fig.
to -

third step S3 used instead-@nd is nentioned in connection with
4o ESiriBs. TREs JHabs diFEERaBof LlednStERNFRIUEYiFoeroROSSID! €
kept in the sampled vectors during each burst if the locally genérated
'frequency is exactly equal to the reception frequency. The phase
difference between the k-th and the <(k-1)-th sampled vectors may,
however, be accompanied by a p-th phase error d&(p)> which is not
necessarily equal to zero and is exaggeratedly indicated in Fig. 1.

Turning to Fig. 2 with Fig. 1 continuously referred to, a
conventional frequency error detecting method will be described in order
to facilitate an understanding of +the present invention. This
conventional frequency error detecting method is for detecting the
frequency error described in the foregoing with the GMSK modulation used.

The transmitted signal is received as the received signal at a
first step S1. Each burst of the received signal is sampled into the
first through the K-th sampled vectors X(1) to X(K) or X(2m) at a second

.step S2. Although herein unnecessary in practice, it will be presumed
merely for convenience of the description which follows that the first
through the K-th phase angles a(1) to &(2m) are calculated at a third
preliminary step S3(P). At a practical third step S3, calculated are the
first through the (K-1)-th phase errors 2(1) to o(2m - 1), each phase
error ¢(p) accompanying the p-th phase difference between the k-th and
the (k-1)-th sampled vectors. '

Attention will be directed to the practical third step S3. It is
readily understood in Fig. 1 that the k-th phase angle is given by:

8(k) = arctan(Q(k)/I¢k)). n

The p-th phase difference is given by:

cos 8¢p) = (ICKIQCKk - 1) - ICk - 12QCk))

Klxek - D] [xao ). @

In the GMSK modulation where the constant phase difference of 90°
is kept in the p-th phase differences during each burst, the p-th phase
error is given by: '

- #(p) = 6(p) - 90°. .

Each phase error is sufficiently less than one radian. Equation

(2) therefore becomes: '
Cos 8(p) = ¢(p).

‘When the GMSK modulation is used, the sampled- vectors have a
substantially common magnitude or absolute value in the received signal.
Therefore:

#(p) = (I(kIQCk - 1 - I(k -1XQCk))

AT1%(K) + 02(k>)- REPLACEMENT SHEET




“understand in Figs. 2 and 4 that the first through the (2m1)-th phase
errors or the zeroth through the (2m2)-th phase errors are calculated in

the third step S3. Wiile this invention has thus far been described
in specific conjunction with a sole preferred enbodi nent thereof,

it will

now be readily possible for one skilled ih the art to put this invention in
various other manners into practice. For exanple, it is possible
calculate the dividend in the second gquaternary step S4(2) by cal cul ating

simlar nean value or nedian of the zeroth throu

h
averages. The codsét anfoptase te f $4r emcaveagrReftA)i PTedbn gUﬁ§tthﬁwﬂhth

digital angie)madsHadk idPord $s daheuviavRKasmdudati on or any other [like

nmodul ati on.

K-1
ACAY = (/K - INZ, &#(p).
p:

the (m1l)-

to

th

Dividing at a fifth step S5 the average of the phase errors by a

divisor comprising the sampling period, the frequency error is calculated
by: :
af = &(AY/(2rT).
Attention will now. be directed to the fourth step S4. Calculation
of the average is equivalent to:
FA) = (1/(K - 1EE - 8(1)) - 90°. (3 _

The k-th sampled vector may be accompanied by a k-th noise
component a' (k) accompanying the k-th phase angle. 1In this event, the
average becomes:

ARy = (/K - 1) EK - adi)) - 90°.
+ (/K - DIRYK) - a'(1)),

where the third - term on the right~hand side represents an
additional phase error resulting from the first through the K-th noise
components. In Fig. 1, the angle of 90° from the (k-1)-th sampled
vector is depicted by a thin straight line ending at the origin 0 of the
phase plane. It is now understood that the frequency error is influenced
by the noise components accompanying the first through the K-th sampled
vectors.

Referring to Fig. 3 with Fig. 1 continuously referred to, a
guadrature demodulator device is for quadrature demodulating the received
signal indicated at R. In phase and quadrature components of the local
signal are collectively indicated at L and will be called the Tlocal
signal. . The sampling signal is indicated at S.

By using the in phase and the quadrature components of the local
signal, a quadrature demodulator (DEMOD) 11 demodulates the received
signal into in phase and.quadrature signal components I and Q (the same
reference symbols as the I and the Q axes being used). Supplied with the
sampling signal of the sampling period which is equal to the symbol rate
described before, in phase and quadrature A/D converters 13 and 15
convert the in phase and the quadrature signal components into digital
sampies which are the in phase and the quadrature components I(k) and
QCk) described in the foreéoing. :

e =
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-11- THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: - 1. A frequency
-error detectioning nethod detecting, in quadrature denodul ation of a
recei ved signal derived froma transmtted signal subjected to digital
angl e nodul ation by a synbol sequence to have a constant phase difference
I n each synbol period, a frequency error of a locally generated frequency
relative to a reception frequency of said received signal, said frequency
error detecting nethod conprising thegsteps of sanpling said received

signal by a Sa”plﬂu'ﬂgh%'dgﬂﬂh althe 15 2Pl Engwdpet éoﬂiadl'&"ttu?e @cﬁfﬁ@ﬁeﬁﬁs Y§E QS

2m in nunber, m resents, a et erm ned g
zerot h throubaﬂ‘pa 2319{1711 ’phaas 1géft1abr§1gna1 processor 17 produces a processor
output signal indicative of the frequency error A4f from time to time.

When the conventional frequency error detecting method is used, the
processor 17 carriers out the steps illustrated with reference to Fig.
2. It is possible to use the quadrature demodulator device in dealing
with the received signal as follows in accordance with this invention.
In either event, it is readily possible to implement the processor 17 by
a microprocessor. It is additionally possible to use the microprocessor
in dealing with the received signal for reception, such as collation of
an identification number indicative of a mobile station comprising the
quadrature demodulator device being illustrated.

Referring afresh to Fig. 4 and again to Fig. 1, the description
will proceed to a frequency error detecting method according to a
preferred embodiment of this invention. Steps similar to those described
in connection with the conventional frequency error detecting method will
be designated by 1ike reference symbols. The number of sampled vectors
in eaph‘burst will now be denoted solely by 2m. That is, k is variable
between 1 and 2m, both inclusive. Here, (2m - 1) is always taken into
account because (2m ~ 1) represents an odd integer. ! '

Like in the conventional frequency error detectipg method, the
transmitted signal is received as the received signal at a first step
S1. . Each burst of the received signal is sampled into the first through
the 2m-th sampled vectors X(1) to X(2m) at a second step S2. The first
through the 2m-th phase angles 3(1) to a(2m) are calculated by using
Equation (1) in a subsequent step which is called the third preliminary
step in Fig. 2 and will now be referred to simply as a third step S3.

At a fourth quaternary step S4(1), a g-th average elq) of m
consecutive phase errors is calculated with the (p-1)-th phase error used
as a g-th phase error, starting at the g-th phase error, where g is
variable between zero and (m - 1), both inclusive. This g-th average
will herein be designated simply by &{gq)>. 1In this manner, the first
through the 2m-th phase angles are used in calculating such averages (0>
through .etm - 1) in the example: be{ng illustrated. At a second
guaternary step S$4¢(2), an arithmetic mean value .&(MV) of the zeroth
through the (m-1)-th averages is calculated for use as a dividend in
place of the average .&(A) described in conjunction with Fig. 2. The
first and the second quaternary steps will collectively be refer%ed to as

er, calcula t|ng
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- each phase error acconpanying a phase difference between two adjacent ones

of said sanpled vectors, calculating a dividend by using said zeroth

t hrough said (2m2)-th phase errors, and dividing said dividend by a

di vi sor conpri sing sai d sanpling period, wherein sai d

di vidend cal cul ating step conprises the steps of: calculating zeroth
through (ml)-th averages, each average as regards m consecutive ones of
said zeroth through said (2m2)-th phase errors starting at a g-th phase
error of said zeroth t hrough said (2n}§) th phase errors with q varled
bet ween zero a cal cul ating, as

bot h |
o o’ Cn0 o aur L seeb sl anlgh ey v, £ 5T h e by U106 tellerergat

2. A frequédhcgugherther (2de?edhi rpglasret kocbras Sitapquedtly,n Deai dividend is
divided at a fifth step S5 by the divisor comprising the sampling period
to get the frequency error 4f.

In this fourth step, it will again be assumed that the g-th phase
error is accompanied by a g-th noise component a'(q>. The g-th average
is calculated by: _ .

Q) = (1/m(E(q + m+ 1) - &(g + 12) - 90°

. + (1/m@'¢(qg+m+ 1) -a'(qg+ 1)).

It should be noted that the arithmetic mean value is calculated
with the zeroth through the (2m-2)-th phase errors used in calculating
the m averages in total with the q¥th throﬁgh the (d+m)—th phase errors
shifted one by one from q of zero up to q of (m - 1). It is therefore
qualitatively clear that the arithmetic mean value is less influenced by
the noise components accompanying the first through the 2m-th sampled
vectors than the average used in the conventional frequency error
detecting method. ’

: Influence of such noise components wjll now quantitatively be
considered. Accompanying the g-th average, a g-th additional phase error

for the m consecutive phase errors will be denoted by E(q). Such_an:

additional phase error is given by:

B = (/mda'q +m+ 1) - a'tg+ 1.
When the first through the 2m-th noise components have a divérgence C,
the g-th additional phase error is given by:

E(Q) = 20/m3/2' (4)
In the conventional frequency error detect_i_ng method, the third term on
the right-hand side of Equation (3) is approximately equal to:

' o/2m - 1) (5

Comparing Equation (4) with Formula (5), it is appreciated that the
additional phase error is smaller in the example of this invention than
in the conventional frequency error detecting method if the predetermined

number 2m is equal to or greater than 30 (i.e., if m is not less than 15). The frequency
error is accordingly less in the example being illustrated than that determined by the
conventional frequency error detecting method.

Figs. 2 and- 4 will be reviewed. In the third preliminary step
S3(P) of Figs. 2, the first through the 2m-th phase angles &(1) to a(2m)
are calculated. This step is not used "in practice in Fig. 2 with the
practical third step S3 used instead and is mentioned in connection with

5|
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wher ei n* sai d predeterm ned integer is not less than fifteen. 3. - A
frequency error detecting nethod as clained in Caim 1, wherein said
digital angle nodulating is Gaussian filter m ninumshift key nodul ati on.
4, A frequency error detecting nethod as claimed in Caim 3, wherein
said predetermned integer is not less than fifteen. 5. A frequency
error detecting nethod as clained in Caim 1, wherein said digital angle
nodul ation is m ni mum phase shift kEyiﬂg. 6. A frequency error ‘
detecting nethod as clained in dai 5, wherein said predeternined
integer is ndtigl eksafieah £5ftheenthivd ster SBreqilerigy coneaauenrtlyd@retivilfg to
gevi _ced ffor undéletesd iimgf(ijgs.i 2 quaid‘t afhdt ethderpail @litoagh ofhea (2ecKi-tiedomisgnal
erived froma transmtted signal subjegted tg diait g hatd by
a symbol seq&éﬁ%res or ngéero%h gtrﬁrougsn ?i\e C(rzﬁ“(%) & ghge @1"1’0@@ ir% GRP&&}QHGO%
the third step S3.

While this invention has thus far been described in specific
conjunction with a sole preferred embodiment thereof, it will now be
readily possible for one skilled inh the art to put this inventiop in
various other manners into practice. For example, it is possible to
calculate the dividend in the second quaternary step S4(2) by calculating
simtlar mean value or median of the zeroth through the (m-1)-th
averages. The constant phase difference is kept in each burst when the
digital angle modulation is the MSK modulation or any other 1like

modulation.
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élconstant phase difference in each synbol period, a

locally generated frequency relative to a reception fre
-12- received signal, said frequency error detecting d mﬂﬁr ” Ju ,
means for sanpling sald received signal -by a sanpling s ng

period into sanpled vectors 2m in nunber in each burst. wher e
represents a predeterm ned integer, neans fbr- cal cul ati ng zeroth t hr ough

betveen twb alCEhis PRI B ROl aREARTRALINSE 0 PrOTeCol cuat ng
di vi dend by using bai dA Zeeanancy herwayhdedad td op ingr @9thoth dsitestd ner rior quadgagure
| ' demodulation _of a received signal derived from a transmitted signal
subjected to digital angle modulation by a symbol sequence to have a
-constant phase difference in each symbol period, a frequency error of a
locally generated frequency relative to a reception frequency of said
received signal, said frequency error detecting method comprising the
steps of sampling said received signal by a sampling signal at a sampling
period 1into sampled vectors 2m in number, where m represents a
predetermined integer, calculating zeroth through (2m-2)-th phase errors,
each phase error accompanying a phase difference between two adjacent
ones of said sampled vectors, calculating a dividend by using said zeroth
through said (2m-2)-th phase errors, and dividing said dividend by a
divisor comprising said sampling period, wherein said dividend
calculating step comprises the steps of:
calculating zeroth through (m-1)-th averages, each average as
regards m consecutive ones of said zeroth through said (2m-2)-th phase
errors starting at a g-th phase error of said zeroth through said
(2m-2)-th phase errors with g varied between zero and (m -1), both
inclusive; and . o
calculating as said dividend a mean value of said zeroth
through said (m-1)-th averages.

2. A frequency error detecting method as claimed in Claim 1,
wherein said predetermined integer is not less than fifteen.

3. A frequency error detecting method as claimed in Claim 1,
wherein said digital angle modulating is Gaussian filter minimum shift
key modulation.

4. A frequency error detecting method as claimed in Claim 3,
wherein said predetermined integer is not less than fifteen.

“5. A frequency error detecting method as claimed in Claim 1,
wherein said digital angle modulation is minimum phase shift keying.

6. A frequency error detecting method as claimed in Claim 5,
wherein said predetermined integer is not less than fifteen.

_ 7. A frequency error detecting device for detetting, in
quadrature demodulation of a received signal derived from a transmitted
signal subjected to digital angle modulation by a symbol sequence to have
a constant phase difference in each symbo! period, a frequency error of a
locally generated frequency relative to a reception frequency of said
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means for di viding said dividend by a divisor conprising Ld sanpling

period, wherein said dividend cal cul ating nmeans conprises: neans for
calculating zeroth through (2m 2)-th averages, each averagH
consecutive ones of said zeroth through said (2m?2)-

UL

starting at a g-th phase error of said zeroth through said (2nt2)~tH plase

errors wwth g varied between zero and (m-__1 ), both inclusive; and neans

for calculating as said dividend a nean valfle of said zeroth through said

(m1)-th aver agesive8. signAl f rejdeficaqueery errordde battimy dieviec eompsi sicd aieawd
in daim 7, waereidh 158 kaRbedelanmy nefhnk Nt £OS dafp Qb lsedmit Rdnaf kihRgRg
9. A frequency, errqr- detectin device, as claipgd in Claim /,
wherei n said debi%al 1 HRgIETRLRI GRS 1 21 A0S BHBETT | 1R ePG RS SHifRe
represents a predetermined integer, means for calculating zeroth through
(2m-2)-th phase errors, each phase error accompanying a phase difference
between two adjacent ones of said sampled vectors, means for calculating
a dividend by using said zeroth through.said (2m-2)-th phase errors, and
means for dividing said dividend by a divisor comprising said sampling
period, wherein said dividend calculating means comprises:

means for calculating zeroth through (2m-2)-th averages, each
average as regards m consecutive ones of said zeroth through said
(2m-2)-th phase errors starting at a g-th phase error of said zeroth
through said (2m-2)-th phase errors with ¢ varied between zero and
(m - 1), both inclusive; and

. means for calculating as said dividend a mean value of said
zeroth through said (m-1)-th averages.

8. A frequency error detecting device as claimed in Claim 7,
wherein said predetermined integer is not less than fifteen.

9. ‘A frequency"error detecting device as claimed in Claim 7,
wherein said digital angle modulation is Gaussian filter minimum shift
keying moduldtion.

. 10. A -frequency error detecting device as claimed in Claim 9,
wherein said predetermined integer is not less than fifteen.

1. A frequency error detecting device as claimed in Claim 7,
wherein sajid digital angle modulation is minimum phase shift keying
modulation.

12. A frequency error detecting device as claimed in Claim 11,
wherein said predetermined integer is not less than fifteen. 3

~13. A quadrature demodulating device for demodulating a received
signdl derived from a transmitted signal subjected to digital angle
modulation by a symbol sequence to have a constant phase difference in
each symbol period with a frequency error of a locally generated
frequency relative to a reception frequency of said received signal
detected by a frequency error detecting arrangement comprisiqg means for
sampling said received signal by a sampling signal at a sampling period

into sampled vectors 2m in number in each burst, wherein m represents -a

' predetermined integer, means for calculating zeroth through (2m-2)-th
phase errors, each phase error accompanying a phase difference between
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keyi ng nodul ation. 10. A frequency error detecting device as cl ai med in
Caim9, wherein said predeterm ned integer is not Iess‘rhan—fr+%eeﬂ—~iiﬁ_A.

frequency error-detecting device as claimed in daim?7,
digital angle nodulation is m ni num phase shift keying no M Em muj'm
frequency error detecting device as claimed in Caim 11x er
predeterm ned integer is not |ess than flfﬁ en. 13. A quadrature

denodul ating device for denpdul ating a recéfved signal derived from a
transmtted bignadjacenibjmesedf tseiddisgimlad verigre neadnb afponcblcuda Eiypgbal

sequence to hgM8génd HYSugitg RB@@ezé?fbfcrf: ef1eB 's@l@@@ﬁ—zﬁfﬁbMasepﬁﬂ&Q Wid h

a frequency  ofloOL or J1 (? b‘*\ﬁé 18 na 5 ed 1fv§§o U om T"IETBI’! atsa\{(? sampFin

reception freﬂﬁ@ﬁcy PN @gréﬁ 418 gnsY @ 9 pling
period, whereln said dividend calculating means comprises:

means for calculating =zeroth through (m-1)-th averages, each
average as regards m consecutive ones of said zeroth through said
(2m-2)-th phase errors starting at a g-th .phase error of said zeroth
through said (2m-2>-th phase errors with q varied between zero and
(m. - 1), both inclusive; and

means for calculating as said dividend a mean value of said zeroth

" through said (m-1)-th averages.

14. A quadrature demodulating device as claimed in Claim 13,
wherein said predetermined integer is not less than fifteen.

15. A quadrature demodulating device as claimed in Claim 13,
wherein said digital angle modulating is Gaussian filter minimum shift
keying modulation.

16. A quadrature demodulating device as claimed in Claim 15,
wherein said predetérmined integer is not less than fifteen. :

17. A quadrature demodulating device as claimed in Claim 13,
wherein said digital angle modulation is minimum phase shift keying
modulation.

18. A gquadrature demodulating device as claimed in Claim 17,
wherein said predetermined integer is not less -than fifteen.
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"detected by a frequency error detecting arrangenent conprising neans for
sanpling said received signal by a sanpling signal at a sanpling period
into sanpled vectors 2min nunber in each burst, wherei-n mrepresents a
predeterm ned integer, nmeans for calculating zeroth through (2m2)-th phase
errors, each phase error acconpanying a phase difference between - 13-
two adj acent ones of said sanpled vect ors,, means f-or calculating a dividend
by using said zeroth through said (2m2)-th phase errors, and neans for

di viding said dividend by a divisor conprising said sanpling period,
wherein said dividend cal cul ati ng nmeans conpri ses: '

PRECISE DETECTION OF FREQUENCY ERROR FOR BURSTS MODULATED BY
| PREDETERMINED SYMBOL SEQUENCE

ABSTRACT

" With a received signal quadrature demodulated and with each burst of the received
signal sampled (S2) into 2m sample vectors, a frequency error of a local frequency is detected
by calculating zeroth to (2m-2)-th phase errors, each phase error accompanying a phase
difference which is present between two adjacent ones of the sampied vectors and is constant
during each burst. Zeroth to (m-1)-th averages are calculated (S4(1)), each average @(g) as
regards m consecutive ones of the phase errors starting at a q—ih phase error of the phase
errors with q varied between zero and (m - 1), both inclusive. The frequency er=ro_r is
calculated by dividing a mean value (S4(2)) of these m average's b)l_r a divisor corﬁprising the

sampling period.

~ Fig. 4.
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means -for calculating zeroth through (ml)-th averages, each average
‘as ‘regards m consecutive ones of said zeroth through said

(2m 2)-th phase errors starting at a g-th phase error of said zeroth
through said (2m2)-th phase errors with q varied between zero and (m- 1),
both inclusive; and neans for calculating as said dividend a nean val ue of
said zeroth through said (ml)-th averagges. 14. A quadrature denpdul-ating
device as clained in Caim13, wherein sald predeterm ned integer is not

| ess than fifteen. 15. A quadrature denodul ating device as clainmed in Claim.
13, wherein said digital angle nDduIatinﬁDis Gaussian filter m ni num shift
keying nodul ation. 16. A quadrature deHodulating device as clained
in Cdaim 15,
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wher.ein said predeternmined integer is not less than fifteen. 17. A
quadrature denodulating device as clainmned in - -Caim 13, wherein said
digital angle nodulation is mninmum phase shift keying nodul ation. 18. A
guadrature denodul ati ng device as clained in Claim17, wherein said
predeterm ned integer is not |ess-than fifteen.
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