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of the mobile radio communication systems. For attaining the objects,

mobile radio communication systems applying pilot synchronous
detection to CDMA (Code Division Multiple Access) have been proposed.
In the pilot synchronous detection, frequency difference (shift) between a
received radio signal and a radio reception device (a local oscillator of the
radio reception device) has to be corrected and eliminated. Especially,
techniques capable of correcting the frequency shift in a wide frequency

. range (bandwidth) and with high accuracy are now being required in
order to implement mobile radio communication devices capable of
receiving radio signals from base stations correctly.

For the frequency correction in the pilot synchronous detection,
pilot symbol blocks (each of which is composed of a predetermined
number of pilot symbols) are inserted periodically in a transmitted radio
signal. Generally, the frequency correction is executed by detecting
phase shifts between adjacent pilot symbol blocks and taking the average
of the phase shifts. The "phase shift between adjacent pilot symbol
blocks" means a phase shift (relative to a local oscillation signal outputted
by the local oscillator of the radio reception device) which occurs between

the adjacent pilot symbol blocks. When there is no frequency difference



the adjacent pilot synbol blocks. Wen there is no frequency difference

2 between the transmtted (received) radio signal and the |ocal oscillator
of the radio reception device, each synbol of the received radio signal is
recei ved on each cycle of the local oscillation signal correctly, and thus
t he phase shift beconmes 0. On the other hand, when a frequency difference
exi sts between the transmtted (received) radio signal and the | ocal
oscillator, a certain anount of phase shuift occurs. The averaged phase
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between the pilot symbol blocks, the frequency correction can be executed
correctly if the phase shift between adjacent pilot symbol blocks is within
+180° . In the case of the frequency correction method using the phase
shift between the pilot symbol blocks, high accuracy frequency correction
can be executed even though correctable frequency range is narrow.

Meanwhile, if another frequency correction method using the
phase shift between adjacent pilot symbols in a pilot symbol block is
employed, the frequency correction can be executed correctly if the phase
shift between adjacent pilot symbols is within +180° . In the case of
the frequency correction method using the phase shift between the pilot
symbols, frequency correction with a wide correctable frequency range
can be implemented even though the accuracy of the frequency correction
is lower.

Further, there has been proposed a frequency correction method
for realizing high speed extraction and high trackability by combining the
above two frequency correction methods together (T. Watanabe et al. "A
performance of AFC for W-CDMA mobile station", Proceedings of the
1998 Communications Society Conference of IEICE (the Institute of
Electronics, Information and Communication Engineers (Japan)), B-5-

146 (1998)). Fig.l is a schematic block diagram showing a frequency



f.ar realizing high speed extraction and high trackability by conbining the
above two frequency correction nethods together (T. Watanabe~et al. "A

per f ormance of AFC for WCDMA nobil e station", Proceedings of the 1998
Conmuni cati ons Soci ety Conference of IEICE (the Institute of Electronics,

I nformati on and Communi cati on Engi neers (Japan)), B-5- 146 (1998)). Fig.1
Is a schematic bl ock diagram show ng a frequency 3 correction device
enpl oyi ng the conventional frequency cgrrection nethod of the docunent. In
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frequency correction e is swtched 1 nto node I n which the phase
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shift between adjacent pilot_synbol blocks becones _180[err] or mpre after
the switchiavgraged inter-symbol phase shift. After a predetermined time has

passed, the frequency correction mode is switched into mode #2, in which

the phase shifts between adjacent pilot symbol blocks (inter-pilot block

phase shifts) are detected, the average of the inter-pilot block phase shifts

is figured out, and frequency correction is executed by use of the averaged

inter-pilot block phase shift.

However, in the above conventional frequency correction method
successively employing the two frequency correction methods, the pilot
synchronous detection becomes impossible if the phase shift between
adjacent pilot symbol blocks becomes 180" or more after the switching
into the mode #2. In the above conventional frequency correction
method, the accuracy of the frequency correction could be improved by
first executing coarse frequency correction based on the detection of the
inter-symbol phase shifts (mode #1) and thereafter executing fine
frequency correction based on the detection of the inter-pilot block phase
shifts (mode #2). However, the timing for switching the frequency
correction mode from mode #1 to mode #2 has to be provided properly and
correctly in the conventional frequency correction method, and the
frequency correction becomes incorrect if the switching into the inter-pilot
block phase shift detection (mode #2) is executed before the frequency

correction (inter-pilot block phase shift) converges and decreases within



into tshe node #2. In the above conventional frequency correction nethod,

the accuracy of the frequency correction could be inproved by first
executing coarse frequency correction based on the detection of the

i nter-synbol phase shifts (nmode #1) and thereafter executing fine frequency
correction based on the detection of the inter-pilot block phase shifts
(node #2). However, the timng for switching the frequency correction node
from node #1 to node #2 has to be proviged properly and correctly in the

corwentlonal eque corr.ection nmethod
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oscillator reiceptioaddevice aepordingdiwvpdet synchronous detection, by which the

frequency correction can be executed with high accuracy even if a large
frequency difference (phase shift) occurred.

Another object of the present invention is to provide a frequency
correction device and a frequency correction method for correcting the
local oscillation frequency of a local oscillator of a radio reception device
according to pilot synchronous detection, by which a large frequency
difference can be corrected accurately regardless of whether it is at the
beginning of communication or in the middle of communication, without
the need of providing proper and correct timing for mode switching etc.

In accordance with a first aspect of the present invention, there
is provided a frequency correction device for correcting the frequency of a
local oscillator of a radio reception deviée according to pilot synchronous
detection, comprising a pilot symbol detection means, an inter-symbol
phase shift detection means, an inter-pilot block phase shift detection
means, a frequency correction ‘determination means and a frequency
correction means. The pilot symbol detection means detects and extracts
pilot symbols from a received radio signal after despreading. The inter-
symbol phase shift detection means detects an inter-symbol phase shift
between adjacent pilot symbols in a pilot symbol block. The inter-pilot
block phase shift detection means detects an inter-pilot block phase shift



according to pilot synchronous detection, by which a |arge frequency

di fference can be corrected accurately regardl ess of-whether it is at the
begi nni ng of comunication or in the mddle of conmunication, wthout the
need of providing proper and correct timng for node switching etc. In
accordance wth a first aspect of the present invention, there is provided
a frequency correction device for correcting the frequency of a | ocal
oscillator of a radio reception device according to pilot synchronous
detection, conprising a pilot synbo eE c{ion ans, an inter-synhol phase
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i nter-pilot, blpc hase shift detection ans. The frequency correction
neans execu?%%ﬁ?:f’é%mﬁw OFFeIn g‘ﬁtelrﬁnf‘ﬁ OPde&R™Mscil I at or based on the
frequency correctig i A3nkeSwiBeA se6fd A5ped BViHd BrdderdUuaRentieal HRCEI on
determ nati on neans. In accordance wth a second aspect of the present
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means obtai ps a . . .
Prequency correction based on inter-symbol phase shift as:

frequency correction (symbol)
= (inter-symbol phase shift) / 2 X SR (Hz)
where "SR" is the symbol rate, and
obtains frequency correction candidates based on inter-pilot block phase
shift as:
frequency correction (block, candidate)
= {(inter-pilot block phase shift) &+ 2mn}/2n
X PBR (Hz),
where "PBR" is the pilot symbol block rate and "m" is a non-negative
integer, and
selects one of the frequency correction candidates (frequency correction
(block, candidate)) that is the nearest to the frequency correction based on
inter-symbol phase shift (frequency correction (symbol)) as the frequency
correction.

In accordance with a third aspect of the present invention, in the
first aspect, the frequency correction device further comprises an inter-
symbol phase shift averaging means and an inter-pilot block phase shift
averaging means. The inter-symbol phase shift averaging means takes

the average of the inter-symbol phase shifts which have been detected by



frequency correction based on inter-synbol phase shift as: frequency
correction (synbol) = (inter-synbol phase shift) / 2[err] X SR (Hz) where ---
"SR' is the synbol rate, and obtains frequency correction candi dates based
on inter-pilot block phase shift as: frequency correction (bl ock,

candi date) = {(inter-pilot block phase shift) 2mf[err]} / 2 [err] X PBR
(Hz), where "PBR' is the pilot synbol block rate and "ni' is a non-negative
i nteger, and sel ects one of the freque%cy correction candi dates (frequency
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i nter-symbal;s (A (block ave)) which has been obtained by the inter-pilot block

phase shift averaging means.

In accordance with a fourth aspect of the present invention, in
the third aspect, the frequency correction determination means obtains a
frequency correction based on inter-symbol phase shift as:

frequency correction (symbol)
= A(symbol ave) / 2t X SR (Hz)
(where "SR" is the symbol rate), and obtains frequency correction
candidates based on inter-pilot block phase shift as:
frequency correction (block, candidate)
= {A(block ave) = 2mm}/2x X PBR (Hz)

(where "PBR" is the pilot symbol block rate and "m" is a non-negative
integer), and selects one of the frequency correction candidates (frequency
correction (block, candidate)) that is the nearest to the frequency
correction based on inter-symbol phase shift (frequency correction
(symbol)) as the frequency correction.

In accordance with a fifth aspect of the present invention, in the
third aspect, the inter-symbol phase shift averaging means includes a
first multiplier, a second multiplier, an adder and an accumulator. The
first multiplier multiplies the inter-symbol phase shift detected by the
inter-symbol phase shift detection means by (1- a) ( a : oblivion
coefficient).  The second multiplier multiplies the output of the

accumulator by a@. The adder adds the a-multiplied output of the



phase :shift ([err] (synmbol ave)) which has been obtained by the
I nter-synbol phase shift averagi ng neans and the averaged inter-pilot block
phase shift ([err] (block ave)) which has been obtained by the inter-pil ot
bl ock phase shift averaging neans. In accordance with a fourth aspect of
the present invention, in the third aspect, the frequency correction
determ nati on neans obtains a frequency correction based on inter-synbol
phase shift as: frequency correction (synbol) = [err] (synbol ave) / 2

: X SR (Hz "SR’ i I t bt ai f nc
correcti on S aLREE S Sk dhFaRHRIR bR vl sl P AR
correction 4nd Gittputsthedad@kion hkeiliel atoraped Mter-syRiBdl &lidde shidt [(A 1] X
PBR (Hz) (where "BBR" is the pilot synbol block rate and "m' is a

non- negat i vesyimhagre)). ablde secenrdatreacsimulates the addjtionravdputied by
candi dat es fre‘gaency correction (block, candidate)) that is the nearest to
the frequen 26P¢%cti on based on i nt er - synbol phase shift (frequency
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adder adds idterailotubldckl pbdseuilpifit deftedtien medns by (1-B) (B : oblivion
coefficient). The second multiplier multiplies the output of the
accumulator by 8. The adder adds the B -multiplied output of the
accumulator and the (1- B8 )-multiplied inter-pilot block phase shift
together and outputs the addition as the averaged inter-pilot block phase
shift ( A (block ave)). The accumulator accumulates the addition
outputted by the adder.
In accordance with a seventh aspect of the present invention, in
the third aspeét, the inter-symbol phase shift averaging means includes a
first multiplier, a second multiplier, a first adder and a first accumulator,
and the inter-pilot block phase shift averaging means includes a third
multiplier, a fourth multiplier, a second adder and a second accumulator.
In the inter-symbol phase shift averaging means, the first multiplier
multiplies the inter-symbol phase shift detected by the inter-symbol
phase shift detection means by (1-a) (a: oblivion coefficient). The
second multiplier multiplies the output of the first accumulator by o.
The first adder adds the a-multiplied output of the first accumulator and
the (1-a)-multiplied inter-symbol phase shift together and outputs the
addition as the averaged inter-symbol phase shift (A (symbol ave)). The
first accumulator accumulates the addition outputted by the first adder.

Meanwhile, in the inter-pilot block phase shift averaging means, the third
multiplier multiplies the inter-pilot block phase shift detected by the



7, accunul ator and the (1-[err])-nultiplied inter-synbol phase shift
together and outputs the addition as the averaged inter-synbol ‘phase shift
([err] (synbol ave)). The accurul ator accunul ates the addition outputted by
the adder. In accordance with a sixth aspect of the present invention, in
the third aspect, the inter-pilot block phase shift averagi ng neans

i ncludes a first multiplier, a second nmultiplier, an adder and an

accunmul ator. The first nmultiplier multigplies the inter-pilot block phase

hift detected b i nteg - pi | Qteblock . ph hi f t gGt i o, by (1-
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averagli ng neans 1 nc udes a rst ITU|tlp ler, a second nmultiplirer, a  tirst

adder and apliagesshiit c(Alatbraveand The secovrd - pichntulatac lecplimasdatisi the

aver agi ng neans, i ncl udes third multiglier, a fourth multiplier, a second
adder and & MF&&Y&L‘? SPHOI{“Léafiﬁ’E'er-synbol phase shift averaging

et et ed by the | micreBHERY Nt Bl BRRINGpELCYE MR oS 5oitibh, iy

detected by the inte

([err]: oblthe Brsteopiktt, therfréquely @eeastibrieaingliheludeslaf DM ceavétitorut put
of the first accupulator by a. The first adder adds the [err] -multiplied
out put of tmeapprfar gzeentinat BIAapsenversion tpethq outnutiefl ithe freauensynbol

phase shift_ta t{uer nd outputs the addition as the averaged inter-synbol
phase shi ftCO%f%%F nflggef%nai@xém)sgea{;ﬁe first accumul ator accumnul ates the

addi tion out putt edirbycdoR@ahéd §htlRdAfhth aspect of the present invention, there
is provided a frequency correction method for correcting the frequency of
a local oscillator of a radio reception device according to pilot synchronous
detection. The frequency correction method comprises a pilot symbol
detection step, an inter-symbol phase shift detection step, an inter-pilot
block phase shift detection step, a frequency correction determination
step and a frequency correction step. In the pilot symbol detection step,
pilot symbols are detected and extracted from a received radio signal after
despreading. In the inter-symbol phase shift detection step, an inter-
symbol phase shift between adjacent pilot symbols in a pilot symbol block
is detected. In the inter-pilot block phase shift detection step, an inter-
pilot block phase shift between adjacent pilot symbol blocks is detected.
In the frequency correction determination step, a frequency correction is
determined based on the inter-symbol phase shift which has been
detected in the inter-symbol phase shift detection step and the inter-pilot
block phase shift which has been detected in the inter-pilot block phase
shift detection step. In the frequency correction step, frequency
correction is executed to the local oscillator based on the frequency

correction which has been determined in the frequency correction



Meanwhil e, in the inter-pilot block phase shift averaging neans, the third
multiplier muttiplies the inter-pilot-:block phase shift detected by the

8 inter-pilot block phase shift detection neans by (1- [err]) ([err]:
oblivion coefficient). The fourth nultiplier nultiplies the output of the
second accumul ator by [err]. The second adder adds the [err]-multiplied
out put of the second accunul ator and the (1- [err])-multiplied inter-pilot
bl ock phase shift together and outputs the addition as the averaged
inter-pilot Iock ase shift ([err](bldock ave)). The second accumnul at or
accunul at es? ﬁE“%H SeBut putted by the second adder. In accordance with
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detection. The quency correct thod conprises a pilot synbol

det ecti on step, an | ntdiintey syt balpsisemesshiift) / dot ext SRW(Hz)ep, an inter-pilot
bl ock phase, shi ftogﬁt ection step, a frequency correction determnation step
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despreadi ng I nter-'s ase it &Ct3%n step, an inter-

symbol phase shfxfetluagbyv@me@ﬁm [t'Scl{pk:hﬁauFa\ta)DN s in a pilot synbol block
is detected. In the inter-pilot | ock phase shift detection step, an inter-

pil ot bl ock phase shi Fti(inéexpdlat bigckcphasepshisy) Ly @wor}dl2ocks is detected.
X PBR (Hz)
(where "PBR" is the pilot symbol block rate and "m" is a non-negative
integer), and one of the frequency correction candidates (frequency
correction (block, candidate)) that is the nearest to the frequency
correction based on inter-symbol phase shift (frequency correction
(symbol)) is selected as the frequency correction.

In accordance with an eleventh aspect of the present invention,
in the ninth aspect, the frequency correction method further comprises an
inter-symbol phase shift averaging step and an inter-pilot block phase
shift averaging step. In the inter-symbol phase shift averaging step, the
average of the inter-symbol phase shifts which have been detected in the
inter-symbol phase shift detection step is taken. In the inter-pilot block
phase shift averaging step, the average of the inter-pilot block phase
shifts which have been detected in the inter-pilot block phase shift
detection step is taken. In the frequency correction determination step,
the frequency correction is determined based on the averaged inter-
symbol phase shift (A (symbol ave)) which has been obtained in the inter-
symbol phase shift averaging step and the averaged inter-pilot block
phase shift (A(block ave)) which has been obtained in the inter-pilot
block phase shift averaging step.



In the frequency correction determ nation step, a frequency correction is
determ ned based on the inter-synbol phase shift which has been detected in
the inter-synbol phase shift detection step and the inter-pilot block phase
shift which has been detected in the inter-pilot block phase shift

detection step. |In the frequency correction step, frequency correction is
executed to the local oscillator based on the frequency correction which
has been determined in the frequency cggrection 9 determination step. In

accordance with astenth aspect. of the.present, i ntion, .in the. frequency
correction deter &%gf?%‘ﬁf@t%gpw’&?l ”E_ﬁige ' t"ﬁpﬁ‘s‘fpgfg%/ﬁe grg‘lq‘éé&uléwgf}%c?& rEction
based on i gkerel&VsHi®l a@?@&e iahtHd ffe%&%b%'élﬁﬂe&ﬁin (deBSHBIHAtI GO EE | 0N
(s?/rbnbf)l) t:éé |qnter;rfsc¥)nbo ] phase S&Lﬁt@n/swaibe;hrlr az;gsﬂlgé Hé)obgglere . R'I ![s t he
synbol r at &equendy fcoerpetionyb asedr - nedegs:pi | o

bl ock phase shift are obtai rled ?s: frfnquency correction (block, candidate)
= {(inter- pi | ofFeARICYHoRESCUGN f59mbalyy T er r1) / 2 [err] X PBR (Hz) (where

"PBR' is the pilot s;grt}gks paka‘;egt/gnangk 'S }_iﬁ) a non-negative integer),

and one of the frequency Correcti on candi dates (frequency correction
(bl ock, calwhded ¢SR"t mtthe ssyithbolheate) s tanido ftdymehee qeornegtimoraaadidatesbased

on inter-synbol phase shift. (frequengy . .correction (synbol)) is selected as
the frequeR@§e Bﬁr@&?li'ﬁﬂptb}f)clfc?;e}bﬁh%ﬁ@ #¥a obtamned afent h aspect of the

present invent i@@qué&f&%x@&?&&(ﬁﬁagcéandiﬁgtef)r equency correction nethod
further conprises™an
= {A(block ave) £ 2mn}/ 27w X PBR (Hz)
(where "PBR" is the pilot symbol block rate and "m" is a non-negative
integer), and one of the frequency correction candidates (frequency
correction (block, candidate)) that is the nearest to the frequency
correction based on inter-symbol phase shift (frequency correction
(symbol)) is selected as the frequency correction.

In accordance with a thirteenth aspect of the present invention,
in the eleventh aspect, the inter-symbol phase shift averaging step
includes a first multiplication step, a second multiplication step, an
addition step and an accumulation step. In the first multiplication step,
the inter-symbol phase shift detected in the inter-symbol phase shift
detection step is multiplied by (1-a) (a: oblivion coefficient). In the
second multiplication step, the result of the accumulation step is
multiplied by «. In the addition step, the a-multiplied result of the
accumulation step and the (1- a)-multiplied inter-symbol phase shift are
added together and the addition is regarded as the averaged inter-symbol
phase shift (A(symbol ave)). In the accumulation step, the addition
obtained in the addition step is accumulated.

In accordance with a fourteenth aspect of the present invention,
in the eleventh aspect, the inter-pilot block phase shift averaging step
includes a first multiplication step, a second multiplication step, an

addition step and an accumulation step. In the first multiplication step,



i nter-symbol phase shift averaging step and an inter-pilot block phase
shift averaging step. In the inter-symbol phase shift averaging step, the
average of the inter-synbol phase shifts which have been detected in the

i nter-symbol phase shift detection step is taken. In the inter-pilot block
phase shift averaging step, the average of the inter-pilot block phase
shifts which have been detected in the inter-pilot block phase shift
detection step is taken. In the frequepgy correction determ nation step,

- i o, | i ned on th . inter- synbol
bhase shi 11 g EHter Tl Block H835° FRILE IRefacoretn thi caferaL g Dlack: Dhees .
symbol phasghisidbtectic 8 s 2 SRIARMY 599(161)3?r@m?le%Oitogﬁecéthe{exR} ock, phase

shift ([err] (block ave)) 'which has been obtained i Inter-pilot block
phase shi f ttheveeegidhgnultgplication Gtém tloe aesalicef vhé mceuimmdhtion stapeis of

h I QV. i,on, | h I th t, in the.freguency correction
det er i nat | BHIEPESA BY (B eqdBrtle BRRMIRR SohP-bHiced aRuliRlied SpRRE olbhae o c
. : . _ : : i ave
> Ler ] x ShRpagedin MAHHERthe (LB ShuMphid Brloitol fldck ARIPAMALE) ()
candi dat es @esedded togttherpahdtthel additivhaisersdiiriibd aALtiodbrerntb Bnter-

f T ' bl ock,. di dat = err](block ave) 2mferr]} /
2 err] X PORIREjodumbeec S (Adblorl probe by tbel aesusulatie siept the |5 a

(1 equency SMPERind i 18 8aifb8 olds & FABMERHE " car et o0 the.
frequency correctilnadaseanenwith SifiocHbl asPeas 6f tHY preddnt G48YERGEYN, in
correction the eleventh aspect, the inter-symbol phase shift averaging step includes
a first multiplication step, a second multiplication step, a first addition
step and a first accumulation step, and the inter-pilot block phase shift
averaging step includes a third multiplication step, a fourth
multiplication step, a second addition step and a second accumulation
step. In the first multiplication step, the inter-symbol phase shift
detected in the inter-symbol phase shift detection step is multiplied by (1-
a) (a: oblivion coefficient). In the second multiplication step, the result
of the first accumulation step is multiplied by a@. In the first addition
step, the a-multiplied result of the first accumulation step and the (1-
a )-multiplied inter-symbol phase shift are added together and the
addition is regarded as the averaged inter-symbol phase shift (A (symbol
ave)). In the first accumulation step, the addition obtained in the first
addition step is accumulated. In the third multiplication step, the inter-
pilot block phase shift detected in the inter-pilot block phase shift
detection step is multiplied by (1-8) (8: oblivion coefficient). In the
fourth multiplication step, the result of the second accumulation step is
multiplied by B. In the second addition step, the 8 -multiplied result of
the second accumulation step and the (1-8)-multiplied inter-pilot block
phase shift are added together and the addition is regarded as the
averaged inter-pilot block phase shift (A (block ave)). In the second



(synbol)) is selected as the frequency correction. In accordance with a
thirteenth aspect of the present invention, in the el eventh aspect, the

i nter-synbol phase shift averaging step includes a first multiplication
step, a second nultiplication step, an addition step and an accunul ati on
step. In the first nultiplication step, the inter-synbol phase shift
detected in the inter-synbol phase shift detection step is nultiplied by
(1-[err]) ([err]: oblivion coefficient),,In the second nmultiplication step,

the result 9of they,accunulatjon i | tiypl | [lgsek t addi tion
step,, the ag‘-:cr}"ul"fl%lllagf?%%y?%s{het aggﬁ?%%gg%ﬁlﬁf} kK ﬁgen gé?(Iengd ;11 lt#ﬁré ngp 18
(1-[err])-nmgkddmhiiaddl nter-synbol phase shift are added together and the
addition is regarded as the averaged inter-synbol i)lgase shift (%err]_
(synhol ave)). I n Iheceardanoe witha sixteenth hepectdifitherpresent mv¢ntion, he

addi tion st I s gccunul at.ed,. In accordance with.a . fqurteanth aspect of the
resent | nvEN PIRE ARbadctht BpaeRck epactiop e indndsh o Prb toBRBEane
shift_aver agidioirt wifich DI AIdBRverdibh 16 SRdbiiddl 1€ Bhé M THSIR tid BRARAGC

mul tiplication step, an addition step and an accunul ation step. 1n the
first nultipiureationmlesémpinatior dterhe i nter-pilot bl ock phase shift detected
in the inter-pilot_block phase shift detection step is | tiplied by
(1-[err]) ([err]: Bbpeeardaneesvit é?’é‘?ﬁbﬁﬁn&ht]?wgé’e%‘?ﬁy%uﬁlbla%%qscﬂf st ep,
the result t u | [ ALh e g t dition
step, the [gfrl? ]%I%%? pﬁ“ggltdrogguﬁ}&%f at%ﬁg]d léé:‘t:lgl?r{ljl g‘%llﬁﬁ}\l&%{ édpadgrygetﬁ%&d
(1-[err])- mdddiphisedstionirgy - prdgemd ofok phaisectibef ta acempdtiad taegeMPB and

the addition js regarded _as, the averaged inter- pilot block phase shift
(Lerr] (bl o@éﬂwi?jmeasr?rtlﬁ@tbc%@%?aﬁﬂgﬁak@gr}alt Reoqesard Ghc-oi 8Xe@itei n t he
addi tion stgp, lfPeq%%%‘éWo%@c‘%ion methods of the ninth through sixteenth aspects

of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present invention will become
more apparent from the consideration of the following detailed
description taken in conjunction with the accompanying drawings, in
which:

Fig.1l is a schematic block diagram showing a frequency
correction device employing a conventional frequency correction method;

Fig.2 is a schematic block diagram showing a frequency
correction device in accordance with an embodiment of the present
invention;

Fig.3 is a schematic diagram showing an example of the frame
composition of a received radio signal after despreading;

Fig.4 1s a graph showing an example of a candidate selection
operation which is executed by a frequency correction determination
section of the frequency correction device of Fig.2; and

Fig.5 is a schematic block diagram showing an example of the

composition and the operation of an inter-symbol phase shift averaging



I accordance with a fifteenth aspect of the present invention, in the

el eventh aspect, the inter-synbol phase shift averaging step includes a
first nultiplication step, a second nultiplication step, a first addition
step and a first accunul ation step, and the inter-pilot block phase shift
averaging step includes a third nultiplication step, a fourth _

mul tiplication step, a second addition step and a second accunul ation step.
In the first nultiplication step, the igter-synbol phase shift detected in

| . he igter - pha
(Lerr]: Sopi Hoton PARSH SRibpH5} Hibrk"RRAED M Arprdting, roton of the
result of tRedensy corietionaddvade 5t Pip.2s nultiplied by [err]. In the first

addition step, the a-nultiplied result of the first accunul ation step and
the ¢1- [err])-nmultiplied inter-synbol phase shift are added together and

(symbol ave)) . 1 n PRSCRPARAN AL e R BVQPIRBENIS! of nea” ' tne

first addition steRefsrAfeWoW 2ba%he UPadiifest N 4ds ﬁi%flil%?l?g%eg li(&%ﬁ@n the

inter- pilot block phase shift detected imthe inte : ase
shift det ecdetail of prefesredidmbpdimeentsyin(decpadarce withrthe: prebént/irviention.

coefficient). In the fourth nultiplication step, the result of the second
accurmul ati on st e Ps FﬁJ?tSFg?‘iné(tP OF]éa*?-gral% Sflﬁ@%é@oﬁiﬁflﬂ@l@l%t forrestion, t he

-mul t gpli.ed; L t] t nd the_,.
(LT err]) - nopyied sl GRtdekdfed WufiyGR EnARaiNGE 0 s SRaARE IiEation and
the additi oReferrimgaioddlig.as thee Hfdgrieags dedrbetioni deicd |cogtpRiase Phldkt

([err] (block ave)). In the second @ 12 accunul ation step, the addition
obt ai ned i nSY Oﬁéemoaoﬁﬁctmnl,glbq@tes-sm&mphaseahlfp detestiondseetion®,t h a

si xteenth aaﬂqﬁ‘;ergf)ilbpﬁlo%iﬁﬁ?ﬁe AMYtE(E'ééegﬂbnisre]ction 3, an inter-symbol phase

shift averaging section 4, an inter-pilot block phase shift averaging

section 5, a frequency correction determination section 6, and a D/A
conversion section 7.

The frequency correction device shown in Fig.2 is installed in a
radio reception device (for example, a mobile radio communication device
and/or a base station of a radio communication network) for correcting the
frequency of its local oscillation signal which is used for the detection
(despreading, descrambling) of a received radio signal. In the radio
signal transmitted by the transmitting side (i.e. the base station in the
case of downstream data transmission, the mobile radio communication
device in the case of upstream data transmission), pilot symbol blocks
(each of which is composed of a predetermined number of pilot symbols)
are inserted periodically in order to implement the pilot synchronous
detection.

The pilot symbol detection section 1 detects and extracts pilot
symbols from a despread signal (the received radio signal after
despreading (descrambling)). The inter-symbol phase shift detection
section 2 detects the phase shifts between adjacent pilot symbols in a pilot

symbol block (inter-symbol phase shifts). The inter-pilot block phase



the ni.nth aspect, the frequency correction step includes a D/ A conversion
step in which DA conversion is executed to the result of the frequency
correction determ nation step. In accordance with seventeenth through
twenty-fourth aspects of the present invention, there are provided
conput er -readabl e record nedi uns storing prograns for instructing a
conputer, an MPU (M croProcessor Unit), a DSP (Digital Signal Processor);
etc. to execute the frequency correctiqp nethods of the ninth through

DRAW,NGS THRIBofSteetioneobian frdatetie fHeBHASE Ahrits AFONEPBAYRFYStBLSHe mor o
appar ent f r%ﬁ&ebmﬁﬁ @Rt pitst Bfockhﬁhiég LRI 4)9 ‘Iﬁéﬂ'eh%‘l F?,‘;ﬂ%é :"ghg%‘ taken

i n‘conj unction with the acconpanying draw ngs, ‘i n
schenat i ¢ hftkbetivegmaadjnkent p[joa symbolenogans ar;dtaseoshlﬂe(rie betiearpd bheng a

i agr am shafeal odoHIRE éqxﬁo”e Aoongenrioh By ae Toealh etk Ot T
lagram s \'
embodi ment glohhenMESER wHIMERLSES bEbch e %@&é@ggﬁ%ﬂ& Q@%gﬂ ok o

an exanple o e frane ‘conpositron of a recelve

despr eadi ngtheFI'ghase shift gmmeah@dyangn'a@ﬂ@tasnﬁboloblcﬁke'aﬁﬂeﬂaé @ phheeti on
operation which is executed a frequency correction deter m nati on section

of the fredthific{relativedoi the éma.lc,@calamrg spenal) wiich gcqursabefarremthe bl ock
di agram Sho"&;aﬁe&” pﬁé}??&xﬁbg gg?c COMRRRL! tRA AR H e QRENAY QiFRn2l

I nter- synboaf ase
between the received radio signal and the local oscillator of the radio

reception device, each symbol of the received radio signal is received on
each cycie (2 7t) of the local oscillation signal correctly, and thus the phase
shifts become 0. On the other hand, when a frequency difference exists
between the received radio signal and the local oscillator, certain amount
of phase shifts occur. The inter-symbol phase shift averaging section 4
takes the average of the inter-symbol phase shifts which have been
detected by the inter-symbol phase shift detection section 2. The inter-
pilot block phase shift averaging section 5 takes the average of the inter-
pilot block phase shifts which have been detected by the inter-pilot block
phase shift detection section 3. The frequency correction determination
section 6 determines an appropriate frequency correction based on the
outputs of the inter-symbol phase shift averaging section 4 and the inter-
pilot block phase shift averaging section 5, and outputs a digital
frequency correction signal. The D/A conversion section 7 converts the
digital frequency correction signal outputted by the frequency correction
determination section 6 into an analog signal (voltage etc.). The analog
signal outputted by the D/A conversion section 7 is supplied to the local
oscillator for correcting the frequency of the local oscillation signal which
is used for the detection (despreading) of the received radio signal.

In the frequency correction device of Fig.2, coarse frequency

correction based on the detection of the inter-symbol phase shifts and fine



13 sect:i on or an inter-pilot block phase shift averaging section of the
frequency correction device of Fig.2. DESCRI PTI ON - OF THE PREFERRED

EMBODI MENTS Referring now to the drawi ngs, a description will be given in
detail of preferred enmbodinents in accordance with the present invention.
Fig.2 is a schematic bl ock di agram showi ng a frequency correction device in
accordance with an enbodi nent of the present invention. Referring to Fig.2,
the frequency correction device conprisgs a pilot synbol detection section

1, "an interzsynbol phase shift detectiqn sectign 2, an inter-pilotf block
phase shi f treEPRRY eorreeiion based omthe, %#e-cglymﬁthﬁwa%%r-gﬂm logkephgpag

section 4, &Hfﬂs%ré:&g{n?éd Qi!xﬂﬁﬁaﬂgéﬁﬁgsm ft averaging section 5, a
n

frequency correctio etermnation settion 6, and a D/ A conversion section
7. The frequencyFig8rachi scheteatic aliagram shoving ani exdmplalof athel firaané adi 0
reception device (for exanple, a mobile radio comunication device and/or a
base st ati Giompositipnaf$hearacived zedimsigaahefter despreassingcwhigh indudesquency

o L1 L oeaboptl b= 9 b B SR L ISP e, g

(despreadi ng, descr I'ng) "0 Ao el Ve

transm tt edsybybdlrdetbeton Fettiond. SiRiefring to e 3hagsh Hadhé eNthdrddgvedse of
downstream data transm ssion, the nobile radio comunication device in the

case of upstadéansiganh aftensdespresding pncludesypilot #yrobels (Bhcandf dabdch is

conposed of _a pre er g hed nu I. pilo nbol s re insepte .

peri odi cal Isqulﬁ(ﬂg?@gr %ﬁiﬂ’&ﬁgﬁﬂn%& ‘Bf‘?g?lsg Sn%l&w?léfle 18-8nilkhe

pi | ot synbdlerdafiasbedi&gelitahsl det ecy MEHEHEIRUER, mid(?etl),qyﬁbol-& froma
eadi ng

despread siIgnaI (the received radio signal’ after despr
(descr anbl ildgh) P10nB1inPaR; By8pD| Dphase, BhDf P20ePedt Pag, Bass Do, 2- det ect s

the phase %,I f)E ?(r?f‘lt)&\ﬁeﬁ?n-?ﬂ,algélqi)fH(I?—tl)g,y B?Bl, s.in '6.1 phllg Elotation "P0O0"
will also be used for denoting the phase of the pilot symbol "POO" relative
to the local oscillation signal.

For example, if the inter-symbol phase shift averaging section 4
employs and executes first-order interpolation, the inter-symbol phase
shift averaging section 4 obtains an averaged inter-symbol phase shift (A
(symbol ave)) as follows (incidentally, A (P00, P01) means the phase shift
between the pilot symbols POO and P01):

A (symbol 0)

={A (P00, PO1) + A(PO1, P02)+ A(P02, P03)}/3
A (symbol 1)

={A(P10, P11) + A(P11, P12) + A(P12, P13)}/3
A(symbol 2)

={A (P20, P21) + A(P21, P22)+ A(P22, P23)}/3

A(symbol n-1)
={AP(-1)0, P(n-1)1) + AP(-1)1, P(n-1)2)
+ AP@®-1)2, P(n-1)3)} / 3
A (symbol ave)
= {A(symbol 0) + A(symbol 1) + A(symbol 2) +



synbol- bl ock (inter-synbol phase shifts). The inter-pilot block phase 14
shift detection section 3 detects the phase shifts between adjacent pil ot
synbol bl ocks (inter-pilot block phase shifts). Incidentally, the "phase
shift between adjacent pilot synbol s" neans a phase shift (relative to the
| ocal oscillation signal outputted by the local oscillator of the radio
recepti on device) which occurs between the adjacent pil ot synbols, and the
"phase shift between adjacent pilot symjol bIocks nmeans a phase shift
(rélative to the local oscillation ngqu) @ u ypetween t he

adj acent pilot synbol blocks. \Wen there is ‘3&% Wi fference between

- the received radilacidesfally2ifiet etekpslations Qhéﬂh%ﬁ%nﬁi‘lo&&iﬂ B iRG&RLI On
devi ce, each sgnbol of the received radio signal is received on each cycle

(2 [err]) ofymhel pbaae shifti avensigimg segriah 4ds rrmttllngn;te&intb theditsteordoase
di fference exists

hifts b t h
Ee!t vveZn '? ﬁgﬁgﬁ%‘?léﬁﬁnr g&ﬁd’qgﬁa e@ﬂm{%nﬂeé % Su&éﬁ%f coHrse becagpploedanount

of phase shifts

t akes the averaggfgv;ér%%S-e{{??%lttfe%ﬂh%m@%gg?gsh?P{t E’tsv@ Qqﬁi&?r@e g{db?fet ected
b% t he |h n]E tecydqm)bmsblaasld;}mrpxﬂ%t ?&tbﬂ?loakfm;ue&nyz? lzliﬁd)psr(EIGO -Hp) 4|1@¥ B: oct
phase shi ver akes verage o e inter- pilo oc
phase shi ftI%1 %‘I%Ibﬁg\bzo"%e eyriede é@t’é‘é)’tﬁ?‘et éqPﬁ‘tl@f conregtion hesrdpmsbe shi f t
detection T. e C\,C n.section 6
determ nessgﬁgg%g}}%p?rl i gﬁagér%gﬁgn%ﬁf g‘be; %g%%‘?%r(\id %tgg{%lt%a%ﬁe ou%ﬁufagc%f t he

i nt er - synbodifferanee sfiubttoavesGU g shewt faveragdd tihter-gimbol phhed shifpck
phase shlft lgz agl ng section 5, and outﬁuts a digital frequency correction
Y

si gnal . ) shrequired o be yuithan 5180e -di gital frequency
correcti on S| gnal’l‘h%”fr%ﬁhgﬁgy Q¥rifeldfiol FAASY tR LSt s':yompbol phase shift is

obtained as:
frequency correction (symbol)
= A(symbol ave) / 2 X 1000 Hz
where "1000 Hz" is the symbol rate (frequency).

The inter-pilot block phase shift averaging section 5 obtains an

averaged inter-pilot block phase shift (A (block ave)) as:
A(block sum)
= A[{P00 + P01 + P02 + P03}/4, {P10 + P11 + P12 + P13}/4]
+ A[{P10 + P11 + P12 + P13}/4, {P20 + P21 + P22 + P23}/4]
+ -
+ A[{P(n-2)0 + P(-2)1 + P(n-2)2 + P(n-2)3}/4,
{P(n-1)0 + P(n-1)1 + P(n-1)2 + P(n-1)3}/4]
A(block ave) = A(block sum) / (n-1).

The frequency correction based on the inter-pilot block phase shift
can be executed correctly for a frequency difference of up to +50 Hz,
since the pilot symbol block cycle is assumed to be 10 ms and the
averaged inter-pilot block phase shift (A(block ave)) is required to be
within £180°

The frequency correction based on the inter-pilot block phase shift



determ.nation section 6 into an anal og signal (voltage etc.). The anal og
sikgnal outputted by the D/A conversion section 7 i$ supplied to the | oca
oscillator for correcting the frequency of the local oscillation signal
which is used for the detection (despreading) of the received radi o signal
In the frequency correction device of Fig.2, coarse frequency correction
based on the detection of the inter-synbol phase shifts and fine 15
frequency correction based on the detegtion of the inter-pilot block phase

shiffts are ﬁ‘?ﬁ '&%s?i%éﬂﬂ?&%@ly' Fig.3 is a schematic di agram showi ng an
1 :

exanpl e of rane’ conposSition of the received radio signal after

despreadi ng, Vhéglienoycéordectioh@lpek odarmliditd)s. The signal shown in Fig.3 is
sugplied to the pilot synbol detection section 1. Referring to Fig.3, each
frame of the received radt 6AdblpekiavedtEr 200% v E4ui g 108 ades pil ot synbol s

P) and dat - h_.sy.nbol i he synb sequence 0 in Fig.3
W11 “her oaf NERHERI0D B i RE BN Ranppl Pl T Bredisheg) SHb "Rs & pon”
P03, D, D, BonbegBifye idtdger’12, P13, D, D, [err][err][err],D, D, P20, P21,
P22, P23, D, Db D, D, P(n-1)0, Pg;-l)l, P(n-1)2, P(n-1)3, D, D[err] [err]
[err] . The not &Auhsequpotly, whel frequente aosrettioor debermimagidrheeptione6of t he

pil ot synbol ;"PO0" rel.gtivg to the |ocal. oscil].atjon, signal. For exanple,
if the int e?qlgf}tr?b?ﬂle ;ﬂ@i‘@ éﬁﬂ?ﬁn%é?f’ ns‘?é’c‘ilgﬁjce@ Yatresiaent es

first-or der giigeierelaaiee) ol b Sioasanel RlTPofulls!dor AURIAChRGA S | On 4

obt ai ns an averaged inter-synbol phase shift
fol l ows (i nthelbrteatdymbdlahdse(s}ift, (fRef)enyanerédtiorplseball), hindomitpees t he
pi-1 ot syrrbohlse Ps%?ec%gg Egclp)lénéf rc%]x'rea(c?tl}:)rrrlb(():langzdate as a combined frequency
correction. Fig.4 is a graph showing an examplc; of the candidate
selection operation of the frequency correction determination section 6.
In the case of Fig.4, a frequency correction candidate "150 Hz" based on
the inter-pilot block phase shift is the nearest to the frequency correction
(symbol) "125 Hz" and thus the frequency correction candidate "150 Hz" is
selected by the frequency correction determination section 6 as the
combined frequency correction.
In the following, an explanation will be given on a concrete
example of the operation of the frequency correction device of Fig.2.
In the following explanation, the phase (shift) of each pilot symbol
(relative to the local oscillation signal, (0 ~ 27)) is assumed to be:
P00=0,P01= m/4,P02= m/2, P03 =3r/4,
P10= n,P11=5m/4,P12=3n/2, P13=Tn/4
1. INTER-SYMBOL PHASE SHIFT (DETECTION and AVERAGING)
A (symbol 0)
={A (P00, PO1) + A(P01, P02) + A(P02, P03)}/3
=(r/4+ wia+ m/d) /3
= nl4
A(symbol 1)
={A (P10, P11) + A(P11,P12)+ A(P12, P13)}/3



J{[err] (P00, PO1) + [err](PO1, PO2) + [err] (P02, PO3)} / 3 A(synbol 1) =
{[err] (P10, P11) + [err] (P11, P12) + {err]{(P12, P13)} / 3 [err] (synbol 2)
= {[err] (P20, P21) + [err] (P21, P22) + [err] (P22, P23)} / 3 [err] (synbol
n-1) {A(P(n-1)0, P(n-1)1) + A(P(n-1)1, P(n-1)2) + [err](P(n-1)2, P(n-1)3)}
[ 3 [err](synmbol ave) {[err] (symbol 0) + [err] (synbol 1) + [err](synbol
2) + 16 [err] [err] [err] + [err] (synmbol n-1)} / n Incidentally, the
i nterpolation nethod enployed by the intgr- synbol phase shift averaging
section 4 is not limted he f{fst-order interpolation, and other

i nterpol ation rret_hcggls/hc'karf}g'lfs'cg(u/f}yegbe enpl oyed. If we assune that the
synbol rate is 1 Ksg94(1000 Hz) (i.e. synmbol cycle is 1ns) and the pil ot
syrtbol bl ock frequency is 100 bps (100 Hz) (i.e. pilot synbol block cycle
is 10 nms), thdA{syegbelave)correcti on based on the inter-synbol phase shift
can be executed correct | a freqguye ifference of up to 500 Hz,
since the average'a{prﬁgg{l%-(’é’ézmﬁl %Ggg’g’oiﬁg}ffé([err] (symbol ave)) is
required to be vvi-t;fq'ytry4.|18,9/45hezfrequency correction based on the

i nter-synbol phase shift is obtained as: frequency correction (synbol) =
A(synbol ave) / 2Femi% X 1000 Hz where "1000 Hz" is the synbol rate
(frequency).

s

frequency correction (symbol)
= A(symbol ave) /27t X 1000 Hz
= mw/4/2mr X 1000 Hz
=125 Hz
2. INTER-PILOT BLOCK PHASE SHIFT
(DETECTION and AVERAGING)
A (block ave) = A[{P00 + P01 + P02 + P03}/4,
{P10+ P11 + P12 + P13}/4] /(2-1)
A0+ m/ida+ m/2+ 3m/4}/4,
{m +5x/4+3m/2+ Tr/4}/4] [(2-1)
= A@Bm/8, 117/8)

=T

I

frequency correction (block, candidate)
={A(block ave) = 2mm}/2x X 100 Hz
={m £ 2mn}/27x X 100 Hz
=50 £ 100m Hz
= + -+ +,50,150,250, ¢+ -+ - (Hz)
3. FREQUENCY CORRECTION DETERMINATION
combined frequency correction
= candidate nearest to the frequency correction (symbol)
= 150 Hz (as shown in Fig.4)
Fig.5 is a schematic block diagram showing an example of the
composition and the operation of the inter-symbol phase shift averaging

section 4 or the inter-pilot block phase shift averaging section 5. The



The inter-pilot block phase shift averaging section 5 obtains an averaged
i.nter-pilot block phase shift ([err](block ave)) as: [err] (block sum =
[err] [(POO + PO1 + PO2 + PO3}/4, {P10 + P11 + P12 + P13}/4] + [err] [{P1lO
+ P11 + P12 + P13}/4, {P20 + P21 + P22 + P23}/4] + [err] [err] [err] [err]
[err] [err] + [err] [{P(n-2)0 + P(n-2)1 + P(n-2)2 + P(n-2)3}14, {P(n-1)0 +
P(n-1)1 + P(n-1)2 + P(n-1)3}/4] [err](block ave) = [err] (block sunm /
(n-1). The frequency correction based the inter-pilot block phase shift

Qg the !
can be exe rec f f fher 0 si nce
t he .pi | ot §§%§§1 ggﬁvggxkixg@lggg icgnafs)gu f‘%/doqt’)e Oﬁ{n%g?asg%ﬂﬁ?eﬁ g%sger asgé%_ _

i nter - pi | oavblALkgPSestors A hndldretlid (htacyilel dldck phasswhiftdatverdpnpi t hi n
180 The frequency correction based on the inter-pi]ot block phase shift

17 (.candi daeetdon i5s ‘Pheciretitaef Fig.8girtudingtwemanliipliensoar, adderinndt )
={[err] (bl ock ave err]} 2[err] X.100 Hz ere 7100 Hz" igs,;he pil ot
synbol bl o@R r%ﬁcé‘)‘?‘?é%ﬂe y)a’gna"l"fﬂ’gl?g &GN n%ﬂg}?x}ggi fﬁ%ge‘?bhvmg
Subsequent kyefficiéh ' @HUEACY= qPO! TEHY 0BtEIRt ERRTIR NP0 SPES. 50 hE ﬁﬁ't@xﬁts one
of the frequency correction candi dates (frequency correction (bl ock,

candi dat e) pytibel / isterhlotdadoek) phase shaftf owtpudtesyby the bxter-syndad ghase t he

R L LSS0k COLLEELL P (S TSEl) g i, QUL e
section 5 is first multiplied by (1-a) and the result is supplied to the
adder. The output of the accumulator is multiplied by a and the result
is also supplied to the adder. The adder adds the a -multiplied
accumulator output and the (1- a)-multiplied phase shift together, and
outputs the addition as the averaged (inter-symbol / inter-pilot block)
phase shift. The addition outputted by the adder is supplied to the
accumulator, and the accumulator accumulates the addition. By use of
the averaging circuit shown in Fig.5, the composition and the operation of
the inter-symbol phase shift averaging section 4 and/or the inter-pilot
block phase shift averaging section 5 can be simplified.

As set forth hereinabove, in the frequency correction device and
the frequency correction method in accordance with the present invention,
coarse frequency correction based on the detection of the inter-symbol
phase shifts and fine frequency correction based on the detection of the
inter-pilot block phase shifts are executed simultaneously. An
appropriate frequency correction is figured out by the frequency
correction determination section 6 based on the detection of the inter-
symbol phase shifts and the detection of the inter-pilot block phase shifts
at once. Therefore, the frequency correction can be executed with high
accuracy even if a large frequency difference (phase shift) occurred, and
thereby detection properties of radio reception devices (a mobile radio
communication device, a base station of a radio communication network,

etc.) employing pilot synchronous detection can be improved considerably.



correction. Fig.4 is a graph show ng an exanpl e of the candi date sel ection
operation of the frequency correction determ nation section 6. In the case
of Fig.4, a frequency correction candidate "150 Hz" based on the
inter-pilot block phase shift is the nearest to the frequency correction
(synbol) "125 Hz" and thus the frequency correction candidate "150 Hz" is
sel ected by the frequency correction determ nation section 6 as the

conbi ned frequency correction. In the fg low ng, an explanation wll be

girven on asCGIC LA fiflrehbe ABCTA! LaRotkd! BeodibBOYCRRM, OGR! | OF

devi.ce of ow ng expl anation, the ase“ (s each
pi | ot synbeégdrdiess b wHethbhat i9easlthesisdgihaingof sommainicabion &f ¢hirthe) is
assuned to be: P00 = 0, PO1 = [err]/4, PQ2 = [err]/2, PO3 = 3[err]/4, P10 =
[err], Pl1middierof] comnpumicatigherwithout fhe negd cpl praviding NyroResYRBAL PHASE

SH FT ( DETECTI d ERAGL NG) . nbqgl 0) = POO, PO1) + PO1,
P02y |+ Lor FResb opg MFRE Gt R, ) o [Lr 1407 s = ere] T

A(symbol 1) = {[Biciddtally, Risle bilotr s Bal, irRhled: i 9l (ShdboPhidks 3
=([err]/4+ [err]/4+ [err]/4)[3 = [err] /4 [err] (synbol ave) = { [err]
(synmbol 0) havpdeehn y [the fyequency(qogrectiontin drer abaye/ explanation, it is

also possible to use other symbols as the pilot symbols as long as the

contents of the symbols are previously known and phase information can

be obtained from the symbols.

While the D/A conversion section 7 for converting the digital
frequency correction signal outputted by the frequency correction
determination section 6 into analog signal (analog voltage ete.) has been
employed in the frequency correction device of Fig.2, the D/A conversion
section 7 can be omitted if the local oscillator can receive and use the
digital frequency correction signal. The type of the frequency correction
signal should be determined properly depending on the type of the local
oscillator of the radio reception device.

Further, while the inter-symbol phase shift averaging section 4
and the inter-pilot block phase shift averaging section 5 have been
employed in the above explanation for averaging the inter-symbol phase
shifts and the inter-pilot block phase shifts, they can also be omitted if
the inter-symbol phase shift and the inter-pilot block phase shift can be
detected accurately without averaging.

While the present invention has been described with reference to
the particular illustrative embodiments, it is not to be restricted by those
embodiments but only by the appended claims. It is to be appreciated

that those skilled in the art can change or modify the embodiments

without departing from the scope and spirit of the present invention.



= ‘7r /-4 frequency correction (synbol) = [err] (synbol ave) / 2 [err] X 1000
Hz = [err]/4/2[err] X 1000 Hz = 125 Hz -2. I NTER-PILOT BLGCK PHASE SHI FT

( DETECTI ON and AVERAG NG [err](block ave) = [err][{P0O0 + POl + P02 +
P03}/4 {P10 + P11 + P12 + P13}/4] /(2-1) = [err][{O+ [err]/4+
[err]/2+3[err]/ 4}/ 4, {[err] +5[err]/4+3[err]/2+[err]{4}/4] [(2-1) =
[err](3[err]/8, 11l[err]/8) [err] frequency correction (bl ock, candi date)
= {[err] (bl ock ave) 2m[err]} /| 2[err] 45 100 Hz ={[err] 2merr]}/27r X
100Hz = f%@%&& [err], 50, 150, 250, [err] [err] [err]
(Hz) - 3. FRE&E%@( TERM NATI ON conbi ned frequency correction =
ca

ndi date nearest 1104 ﬂ%qh@ﬁay@aﬁaécﬁeﬁr@we%r(céﬁ&%&g ﬁléﬁ‘%gf@n%}aﬁf ﬁhown

in'Fig. 4) Fig.5 is a schematic block diagramshow ng an exa
conposi ti onlenad ospidladpe ofitei xadiofrecéptiom deviceyadsotrdipigaimepiol synchrenagsng
iSCt ion 4 o&eieh 10|nr’1tcglrn r'1é191tg: bl ock phase shift averaging section 5. The

a pilot symbol detection means for detecting and extracting pilot
symbols from a received radio signal after despreading;

an inter-symbol phase shift detection means for detecting an
inter-symbol phase shift between adjacent pilot symbols in a pilot symbol
block;

an inter-pilot block phase shift detection means for detecting an
inter-pilot block phase shift between adjacent pilot symbol blocks;

a frequency correction determination means for determining a
frequency correction based on the inter-symbol phase shift which has
been detected by the inter-symbol phase shift detection means and the
inter-pilot block phase shift which has been detected by the inter-pilot
block phase shift detection means; and

a frequency correction means for executing frequency correction to

the local oscillator based on the frequency correction which has been

determined by the frequency correction determination means.

2. A frequency correction device as claimed in claim 1, wherein
the frequency correction determination means obtains a frequency
correction based on inter-symbol phase shift as:

frequency correction (symbol)
= (inter-symbol phase shift) / 27 X SR (Hz)
where "SR" is the symbol rate, and
obtains frequency correction candidates based on inter-pilot block
phase shift as:
frequency correction (block, candidate)

= {(inter-pilot block phase shift) + 2mnm}/2x

O



cicrcui-t shown in Fig.5 can be applied to the inter-synbol phase shift
averagi ng section ‘4 and/or ‘the inter-pilot block phase shift averagi ng
section 5. The circuit of Fig.5, including two nultipliers, an adder and an
accunul ator, is an averaging circuit enploying an "oblivion coefficient"s
[err] ([err] = 0.9, 0.99, etc.). Referring to Fig.5, the (inter- synbol /
inter-pilot block) phase shift outputted by the inter-synbol phase shift
averagi ng section 4 or the inter-pilot E)%OCK phase shift averagi ng section
5fis first multiplied b&(ﬂBRLﬁ{]) and“the result is supplied to the
adder. The output of the accu gtor is nultiplied by a and the result is

al so suppl i ethére "PBRadSethe pil6t agatiol Asleek trage aumd i R hesorageativat or
output and the (1-[err])-nultiplied phase shift together, and outputs the

addi tion asintegegyv@ardged (inter-synbol / inter-pilot block) phase shift.

The addition outputted by th ddegr is supplied.to the,.accunmul.ator, and the

accunul at or accurﬁ?ﬁ%‘%@;oi{ﬁeogc}:%let ?muegﬁ%g%rrﬁtl?’l’le?%@?&é?%g&’fﬁ%c@' shown

in Fig.5, tRereetiBASi(bloeR, adthdilift)Peiiaki 9 e tlRrbst & %nab?}eqqi&%g shift
g

averagi ng section 4 and/or the int er-gi | ot bl ock phase shift averagi
section 5 ceerrectisnmblaistdedn Asteresyrhbolk rplhwseecishifioVrequenthe correqtioncy

correction devi and t he frequency correction nmethod in accordance with
the present %erﬁﬁﬂ Bﬁffl‘ég%ﬁqé’r?%f:}’é’ﬁé@?g‘;‘?ncorrecti on based on the detection
of the inter-synbol phase shifts and fine frequency correction based on the

detection of the inter-pilot block phase shifts are executed

simul taneously.  3An A fiyeapnicat@riectipredeyice s eletiined irs cldiginedusiierby t he
frequency correction determ nation section 6 based on the detection of the
inter- synb&PPEEEBEShifts and the detection of the inter-pilot block phase

shifts at once. Ther t e £ 0 be_execut ed,wit h
hi gh accuracy eveir}?igtgf'lgglrnggﬁf ?éggéén%g&di%fwf éggl%lge%%%gssei%gh?%#lgog rred,
and t her eby adetfed bbtheihtpessiitol @hase Ghofts eelelh ivedsddc 8stecfedByithe radi o

communi cat (ijgteg-es\gringgél Shgsaessehi%g c?ztatiegi?iogfmgarigd;n?i commni cation network,
an inter-pilot block phase shift averaging means for taking the
average of the inter-pilot block phase shifts which have been detected by
the inter-pilot block phase shift detection means, wherein:
the frequency correction determination means determines the
frequency correction based on the averaged inter-symbol phase shift (A
(symbol ave)) which has been obtained by the inter-symbol phase shift
averaging means and the averaged inter-pilot block phase shift (A (block
ave)) which has been obtained by the inter-pilot block phase shift

averaging means.

4. A frequency correction device as claimed in claim 3, wherein
the frequency correction determination means obtains a frequency
correction based on inter-symbol phase shift as:

frequency correction (symbol)
= A(symbol ave) / 2 X SR (Hz)
where "SR" is the symbol rate, and

obtains frequency correction candidates based on inter-pilot block



etc.) .enploying pilot synchronous detection can be inproved considerably.
20 A large frequency difference can be corrected accurately and at once
regardl ess of whether it is at the beginning of communication or in the

m ddl e of comunication, w thout the need of providing proper and correct
timng for node switching, etc. Incidentally, while pilot synbols included
in pilot synbol blocks have been used for the frequency correction in the
above explanation, it is also possible28o use other synbols as the pil ot
synbol s as %gggsiﬁﬁﬂﬂﬁ contents of the synbols are previously known and
phase i nformatron can be obtained fromthe synbols. Wiile the DA

conver si on sectﬁr@.?ugnéyo&oﬁ@m@ﬁ(ﬂ,ll@gk,t&mldmgté)al frequency correction signal
outputted by the frequency correction determ natign section 6 into anal og

signal (anal og vol t age{8uklockiawe) hte Roempl &7edXi #BREHE) equency correction
devi ce of Fiyg.2,, D A.CONVELSI O ecitipn 7 canyhe,omtted if the |ocal
osel |1 at or ke dRBRy sV BUBE Sy EhAlchloeR ale il 5 OB eBPnieeatia - The
type of thqn{é%q,ugﬁay correction signal should be determ ned properly

depending on the type of the |ocal oscillator of the radio reception
devi ce. Furt her, salbetise onke of nther -fegquraicypleastectinnf candistladgs nffreguenayn 4 and

the inter-pilot bloc ase shi.f ver agi.ng,.secti on ave been enpl oyed in
the above ERPTESHLON Jﬁl&gw %%‘51@3%??8 &‘% ilft the s’?l‘?ﬁf(?lsg,pﬂ’as@esﬁ??mée d the
inter-pilo I}ﬁ;s%s' ts . n i j :

inter- synbtgpp{)%g%)gp shi ftd ?rx]fd 1t%h’te(‘é ? té’%%??%?é)b%ggﬁr@g%%g%dggi Eotgg%eé:ﬁmge

det ect ed adsymdbb) yswhe Heeduengr agregionMi | e t he present invention has been

described with reference to '

5. A frequency correction device as claimed in claim 3, wherein
the inter-symbol phase shift averaging means includes:

a first multiplier for multiplying the inter-symbol phase shift
detected by the inter-symbol phase shift detection means by (1-a) (a:
oblivion coefficient);

a second multiplier for multiplying the output of an accumulator
by a;

an adder for adding the a-multiplied output of the accumulator
and the (I- o )-multiplied inter-symbol phase shift together and
outputting the addition as the averaged inter-symbol phase shift (A
(symbol ave)); and

the accumulator for accumulating the addition outputted by the
adder.

6. A frequency correction device as claimed in claim 3, wherein
the inter-pilot block phase shift averaging means includes:
a first multiplier for multiplying the inter-pilot block phase shift
detected by the inter-pilot block phase shift detection means by (1-8) (8:
oblivion coefficient);

a second multiplier for multiplying the output of an accumulator

NN




the particular illustrative enbodinents, it is not to be restricted by

t hose enbodi nents but only by the appended clains. It is to be appreciated -
that those skilled in the art can change or nodify the enbodi nents w t hout
departing fromthe scope and spirit of the present invention. - 21 WHAT IS
CLAIMED I S: 1. A frequency correction device for correcting the frequency
of a local oscillator of a radio reception device according to pilot
synchronous detection, conprising: a pilot synbol detection neans for
detecting qu xtracting pilot synbols f¥om a received radio signal after
despreadi ng; inter-synbol phase shift detection neans for detecting an

i nter-synbol phage sdddd fdrchd@ing € a8 eptalfiplied diytpholof the fcqunhalatsynbol
bl'ock; an inter-pilot block phase shift _detection neans _for defecting an

i nter - pi | otansd ddte {hafe)-sltiplisd: dnter-pidgtadleck mhase shifbotosstbexsan
f det ti f t f
Cor ract on DHBRGtine WA RARAT a5 e TiHAee dnf e ST e et RE R e by

the inter- spd apdigsenghi ft det ection neans and the inter-pilot block
phase shift mhlch Ra's been detected by the inter-pilot block phase shift
det ecti on neans; thedcauimdgtenfor eceureuldtimg thermsdditionesetputtited by theency
correction t the | ocal oscillator based on the frequency correction which
has been de‘%‘g#erﬁ ned by the frequency correction determnation neans. 2. A
frequency correction device as clainmed in claim1, wherein the frequency
correction determ nati on neans obtains a frequency

7. A frequency correction device as claimed in claim 3, wherein

the inter-symbol phase shift averaging means includes:

a first multiplier for. multiplying the inter-symbol phase shift
detected by the inter-symbol phase shift detection means by (1-a) (a:
oblivion coefficient);

a second multiplier for multiplying the output of a first
accumulator by o;

a first adder for adding the «a -multiplied output of the first
accumulator and the (1-a)-multiplied inter-symbol phase shift together
and outputting the addition as the averaged inter-symbol phase shift (A
(symbol ave)); and

the first accumulator for accumulating the addition outputted by
the first adder, and
the inter-pilot block phase shift averaging means includes:

a third multiplier for multiplying the inter-pilot block phase shift
detected by the inter-pilot block phase shift detection means by (1-8) (8:
oblivion coefficient);

a fourth multiplier for multiplying the output of a second
accumulator by B;

a second adder for adding the B-multiplied output of the second
accumulator and the (1- 8 )-multiplied inter-pilot block phase shift
together and outputting the addition as the averaged inter-pilot block

AU



correckti on based on inter-synbol phase shift as: frequency correction
(synmbol) = (inter-synbol phase shift) / 2 [err] X-SR (Hz) where "SR' is the
symbol rate, and obtains frequency correction candidates based on
inter-pilot block phase shift as: frequency correction (block, candidate) =
{(inter-pilot block phase shift) 2mJ[err]} / 2 [err] -+ 22 X PBR (Hz),
where "PBR' is the pilot synbol block rate and "nf is a non-negative

i nteger, and sel ects one of the frequengy correction candi dates (frequency

correction CKky.s | e .hatyis the nearest to the frequency
correction Ié)g%%%b%ﬁg?%%fq%gy%ﬁ’%se shift (frequency correction
(symbol)) as the theesutsidYa&ii €lithPfor Accimbul HTHE NG i&&dﬁ,ﬁﬁ{ bRfpdgsce as

claimed in claiml, further conprising: an inter-synbol phase shift
averagi ng nemitbesecondindder.t he average of the inter-synbol phase shifts

whi ch have been detected by the inter-synbol phase shift detection neans;
and an inter-pilot block phase shift averagi ng neans for taking the average

of the inter-pilog bhogk.nbase 8§Hefcﬁ§n"%\ﬁ9e Q@Vﬁ%ﬁﬁ&? ifhgih &d et

inter-pilot block phase shift” detection neans, erein: the fr’e_quency

correction the drequextdyonormeatisndateansi iredudée  IHAUeonyersion enehas fased on
dinter- ol phase shift err .

the aver ageexecutiang sI%/ conQrersion to the( [outp]ut of the frequency correction

determination means.

9. A frequency correction method for correcting the frequency of
a local oscillator of a radio reception device according to pilot synchronous
detection, comprising the steps of:

a pilot symbol detection step in which pilot symbols are detected
and extracted from a received radio signal after despreading;

an inter-symbol phase shift detection step in which an inter-
symbol phase shift between adjacent pilot symbols in a pilot symbol block
1s detected;

an inter-pilot block phase shift detection step in which an inter-
pilot block phase shift between adjacent pilot symbol blocks is detected;

a frequency correction determination step in which a frequency
correction is determined based on the inter-symbol phase shift which has
been detected in the inter-symbol phase shift detection step and the
inter-pilot block phase shift which has been detected in the inter-pilot
block phase shift detection step; and

a frequency correction step in which frequency correction is
executed to the local oscillator based on the frequency correction which

has been determined in the frequency correction determination step.

10. A frequency correction method as claimed in claim 9,

wherein in the frequency correction determination step:



(synbols ave)) which has been obtained by the inter-synbol phase shift
aver agi ng neans and the averaged inter-pilot block phase shift ([err]

(bl ock ave)) which has been obtained by the inter-pilot block phase shift
averagi ng neans. 4. A frequency correction device as clainmed in claim3,
wherein the frequency correction determ nati on neans obtains a frequency
correction based on inter-synbol phase shift as: frequency correction
(synmbol) = [err] (synbol ave) I 2[err] XSR (Hz) where ' S the symnmbo

rate, and obtains ];%gq# correcti ndi dat s bas&c{il nte | l.ot
bl ock 23 phasé& shFEYe (?opé 3’3058 r 88t i'B (%TIB 18
—{[err](blog}k@iﬁédagn[err]}IZ[err] X PBR(Hz) where "PBR' is the pl|0t

synbol block rate and "mf' is a non-negative integer, and selects one of the
frequency cor r efréanencyrcorcation (ssfuﬂq)i)ency correction (block, candidate))

that is the nearest to fre corr tlon I nter-synbol phase
shift (frequency correc{i?fﬁ’f ﬁ@oﬁ’cg‘/‘}sea%hl %gﬁggﬁréorrection 5. A

frequency c@messtERN lg%néggnﬁﬁ’lﬁh?jé rﬁ'?ﬁ'l in cI al m 3, wherein the inter-synbol
phase shift averaging meanS inc gés: a first multiplier for nultiplying

t he inter-synbol fpémthdxteclebmaﬁaadxdatets Heasedt @i inerbpilotobhssk phiaké
det ecti on msahair% s DY o{)tameg”]:) ([err]: oblivion coefficient);
frequency correction (block, candidate)
= {(inter-pilot block phase shift) £ 2mn}/2nx
X PBR (Hz) . |
where "PBR" is the pilot symbol block rate and "m" is a non-negative
integer, and
one of the frequency correction candidates (frequency correction
(block, candidate)) that is the nearest to the frequency correction based on
inter-symbol phase shift (frequency correction (symbol)) is selected as the

frequency correction.

11. A frequency correction method as claimed in claim 9, further
comprising:

an inter-symbol phase shift averaging step in which the average of
the inter-symbol phase shifts which have been detected in the inter-
symbol phase shift detection step is taken; and

an inter-pilot block phase shift averaging step in which the
average of the inter-pilot block phase shifts which have been detected in
the inter-pilot block phase shift detection step is taken, wherein:

in the frequency correction determination step, the frequency
correction is determined based on the averaged inter-symbol phase shift
(A(symbol ave)) which has been obtained in the inter-symbol phase shift
averaging step and the averaged inter-pilot block phase shift (A (block
ave)) which has been obtained in the inter-pilot block phase shift

T



a second nultiplier for multiplying the output of an accunul ator by a; an
adder for adding the a-nultiplied output of the accumulator and the (1- a
)-multiplied inter-synbol phase shift together and outputting the addition
as the averaged inter-synbol phase shift ([err] (synbol ave)); and the
accunul ator for accumul ating the addition outputted by the adder. 6. A
frequency correction device as clained in claim3, wherein the inter-pil ot
bl ock phase shift averaging neans inclygdes: a first multiplier for
mul tiplyi ng t he .i ntgr-pi | ot bl ock phase shift detected by the inter-pilot
bl ock phasBYEHEFPEFLRcti on neans by (1-[err]) ([err]: oblivion
. coefficient); a second nultiplier for nultiplying the output of an

accumul at or 24 by [err]; an adder for adding the [err]-nmultiplied output
of the accumul at 38. a fnmuemcy[@m}ctjommeﬂmdg as ichaigrediinoclagmckl,phase

shift together and tgutti Bg t he agdit' n_as the aﬁ%_aged I nter-pilot
bl ock phas&¥HFHE 1} ?ﬁ? TeqUEDLY (COLXeLiion dgigrmpnation SE90:A¢ or for accumul ating
the addition O!Jtzi)ufﬂaﬁﬁeﬁé‘yt&?rﬁ@&?&{-bgsedb‘ dd eiernsym®bRl ' BRAONsKigY i fze as
claimed in claim3, wheré€in the inter-synbol phase shift” averagi ng neans
i ncl udes: abfained amil tiplier for multiplying the inter-synbol phase shift
detected by the inter-synbol  phase shift detection neans by (1- [err])
([err]: equency correction (symbo S
= A(symbol ave) / 2t X SR (Hz)
where "SR" is the symbol rate, and
frequency correction candidates based on inter-pilot block phase
shift are obtained as:
frequency correction (block, candidate)
={A(block ave) = 2mn}/2n X PBR (Hz)
where "PBR" is the pilot symbol block rate and "m" is a non-negative
integer, and
one of the frequency correction candidates (frequency correction
(block, candidate)) that is the nearest to the frequency correction based on
inter-symbol phase shift (frequency correction (symbol)) is selected as the

frequency correction.

13. A frequency correction method as claimed in claim 11,
wherein the inter-symbol phase shift averaging step includes:

a first multiplication step in which the inter-symbol phase shift
detected in the inter-symbol phase shift detection step is multiplied by (1-
a) (a: oblivion coefficient):

a second multiplication step in which the result of an accumulation
step is multiplied by a;

an addition step in which the o -multiplied result of the
accumulation step and the (1- a)-multiplied inter-symbol phase shift are

added together and the addition is regarded as the averaged inter-symbol

e
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oblivion coefficient); a second nultiplier for nmultiplying the output of a
first accunul ator by a; a first adder for adding the a -nultiplied output
of the first accumulator and the (1- [err])-multiplied inter-synbol phase
shift together and outputting the addition as the averaged inter-synbol
phase shift ([err] (symbol ave)); and the first accumul ator for

accunul ating the addition outputted by the first adder, and the inter-pilot
bl ock phase shift averaging nmeans inclu@s: a third nmultiplier for

mil tiplyin hase shift detected by the inter-pilot
bl. ock phasgpé%‘? §ﬂg§ é@?’(‘%ﬁ ﬁ%&%ﬁ %y&(l [err] ) ([err]: oblivion
coefficient); a ftﬁur hécufiuldthn dtep Oin MithidhdItliengdditeord Whtkingd ia sheond
accumul at or Xﬁ[err a second adder for adding the [err]-nultiplied output

of the secoadditarustepaisaccummlated.(1- [err] )-nultiplied inter-pilot block
phase shift together and outputting the addition as the averaged
I nter-pilot block 25 phase shift ([err] (block ave)); and the second

accunul ator for agguMy afrbffehéle &%&1&{1 Iﬁgﬂmat ta@d cPRMnidae ineeRAsh adder .

A frequency correction device ds claimed in claim1l, wherein the frequency
correcti on wmhanein thd intes-palob/blodopheses shidt mzarmﬁg rsth swcltides D/ A
conversi on to-the, putaut 808, | LU AIRhiS S SML L RSBl
detected in the inter-pilot block phase shift detection step is multiplied by
(1- B) (B : oblivion coefficient);
a second multiplication step in which the result of an accumulation
step 1s multiplied by f;
an addition step in which the B -multiplied result of the
accumulation step and the (1- 8)-multiplied inter-pilot block phase shift
are added together and the addition is regarded as the averaged inter-
pilot block phase shift (A (block ave)); and
the accumulation step in which the addition obtained in the

addition step is accumulated.

16. A frequency correction method as claimed in claim 11,
wherein the inter-symbol phase shift averaging step includes:

a first multiplication steiJ in which the inter-symbol phase shift
detected in the inter-symbol phase shift detection step is multiplied by (1-
o) (d: oblivion coefficient);

a second multiplication step in which the result of a first
accumulation step is multiplied by «;

a first addition step in which the a-multiplied result of the first
accumulation step and the (1- @)-multiplied inter-symbol phase shift are
added together and the addition is regarded as the averaged inter-symbol
phase shift (A (symbol ave)); and

the first accumulation step in which the addition obtained in the

-\____
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9. A frequency correction nmethod for correcting the frequency of a | ocal
oscillator of a radio reception device-according to pitot synchronous
detection, conprising the steps of: a pilot synbol detection step in which
pil ot synbols are detected and extracted froma received radio signal after
despreadi ng; an inter-synbol phase shift detection step in which an inter-
synbol phase shift between adjacent pilot synbols in a pilot synbol bl ock
is detected; an inter-pilot block phase2ghift detection step in which an

inter- pilo | o hase shift bet adj acent pilot synbol blocks is
det ect ed; a_hfae%ﬁffg‘ﬁg’f ‘%SPH@@FFBWUA%%gﬁ?&ation step in which a frequency
correction {ig fftegiild Qﬂo&@ﬁﬁﬁs@@hiﬁ%véfﬁ%hgss‘f ohclpdase shift which has
been detected in the inter-synbol phase shitt detection stegland t he

i nter-pilot blocle phixdemsiltiplicationhsteps it eehichetlee tinter-piloth dloak phasel ot

bl ock phase shjft .detect.ion step; an requenc orJection step in which
frequency c%hﬂ%c‘i‘?tﬁﬁtq%s 18, &%t er-@?]?)ﬁgbiog alp?‘%%i ’g}l‘g{ o‘fetﬁﬁ e Bﬁept H&
frequency c ' i ) ' in the frequency correction
determ nati gfnlﬂ??’yg.aml%@ ﬂ{%q(ﬁgﬁg&nﬁeﬁ%?ﬁ met hod as clainmed in claim
9, wherein in the ffoalenulifphicetion ostegeierwhidl ithe stegt of 6Gezond

frequency correctjon based, on nter-synbol phase shift is obtained as:
frequency cé?‘?‘EEﬂWIN‘;ﬁPo’eﬁHﬂul—rthhﬁti@rY- Bimbol phase shift) / 2[err] X SR

(Hz) where "SR' i L06 %@&%ioﬁaét%p ' Yhich the B -multiplied result of the

second accumulation step and the (1- 8)-multiplied inter-pilot block
phase shift are added together and the addition is regarded as the
averaged inter-pilot block phase shift (A (block ave)); and

the second accumulation step in which the addition obtained in the

second addition step is accumulated.

16. A frequency correction method as claimed in claim 9,
wherein the frequency correction step includes a D/A conversion step in
which D/A conversion is executed to the result of the frequency correction

determination step.

17. A computer-readable record medium storing a program for
instructing a computer, an MPU (MicroProcessor Unit), a DSP (Digital
Signal Processor), etc. to execute a frequency correction process for
correcting the frequency of a local oscillator of a radio reception device
according to pilot synchronous detection, wherein the frequency
correction process includes the steps of:

a pilot symbol detection step in which pilot symbols are detected
and extracted from a received radio signal after despreading;

an inter-symbol phase shift detection step in which an inter-

symbol phase shift between adjacent pilot symbols in a pilot symbol block
is detected;

RO



frequency correction candi dates based on inter-pilot block phase shift are
obt ai ned as: frequency correction (bl ock, candidate) = {(inter-pilot block
phase shift) 2mJerr] } / 2 [err] X PBR (Hz) where "PBR' is the pilot
synbol block rate and "ni is a non-negative integer, and one of the
frequency correction candi dates (frequency correction (bl ock, candidate))
that is the nearest to the frequency correction based on inter-synbol phase
shift (frequency correction (synbol)) isoselected as the frequency

0 tion. 11. A.f t t | al ned | | .al
Further compri i A MREERE SGH FSall dRfeePOuleiotl f el A Bhitr o1y ¢ e
aver age of et bR piasBHifi s Rocs idihbetbilft aBoDBRALYES Getcdedn t he

i iter- synbol phase shift detection step is taken; and an _inter-pilot block
phase shift aver agfiegueney domredtiarh deberminatioye stdp ihewhinhe - fiielkqsenby ock

phase shifts which haée been t ect,ed (0 e inter

t =pi,| ot Bl.gck ase shift
et et on <taRoHIoR J5 drtetamied baseon Hie HHign P ENARE A, WAL RAR nat | on
step, the f r leO B fle$- ' d :

o - Sy by hanRtel [ theDlle? SRIITpRASK RATE dactiop b pdlthe |
t he i nt er - sintboipilotidsleck pldseaskiftgrighsha&p baed ddtectedeimdbd intermpilot! ot

bl ock phase, shjft (A (hlock ave)) which has been obtained in the
inter-pil o?b]Hde’j"%ﬁ?aé’é%%‘gﬁtPPtmn shep;and agi ng step.
a frequency correction step in which frequency correction is
executed to the local oscillator based on the frequency correction which

has been determined in the frequency correction determination step.

18. A computer-readable record medium as claimed in claim 17,
wherein in the frequency correction determination step:
a frequency correction based on inter-symbol phase shift is
obtained as:
frequency correction (symbol)
= (inter-symbol phase shift) / 22 X SR (Hz)
where "SR" is the symbol rate, and
frequency correction candidates based on inter-pilot block phase
shift are obtained as:
frequency correction (block, candidate)
= {(inter-pilot block phase shift) &= 2mn}/2n
X PBR (Hz)
where "PBR" is the pilot symbol block rate and "m" is a non-negative
integer, and
one of the frequency correction candidates (frequency correction
(block, candidate)) that is the nearest to the frequency correction based on

inter-symbol phase shift (frequency correction (symbol)) is selected as the

frequency correction.
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12." Afrequency correction nethod as clainmed in claim11, wherein in the
frequency correction determ nation step: a frequency correction based on
i nter-synbol phase shift is obtained as: frequency correction (synbol) =
[err] (synbol ave) / 2[err] X SR (Hz) where "SR' is the synbol rate, and
frequency correction candi dates based on inter-pilot block phase shift are
obt ai ned as: frequency correction (block, candidate) = {[err](block ave)
2merr]} / 2[err] X PBR (Hz) where "PBR31is the pilot synbol block rate and

"M is a non-negatd ve,i nteger, an e of the f.requengy. cofrecti.on

candi dates (freq cyé&BHétﬁe?ﬁﬁagﬁggcTﬁcoﬁ ﬁ’b‘?‘fd&%?fﬁ‘ﬁefiéntc%’é%é& est to
the frequenghefddhtBelfroqudisecbrobetish giocﬁéﬁtfﬁi‘tﬂé'ﬂ%%ﬁlpi%ésﬁ (frequency
correction (synbol)) is selécted as the frequency correction. 13. A

frequency correcandntersymbohphakaishit avaradiagrstdd in whachithetaverage of
a, first, pu lication

7Ler STl phace SOLLY aeraokan L sp.l IELIESL, S biLal TAPLLGS!
phace, o1 fESONINER Aol e (drge) (3 SELIvOn
accunul ation stepni $ntathpilell itddelbypleaseanhifidiatveruping eptepn inhimdtichheéha
It er - by nbGeFRES Of Sherieter BrIah ek Baeth SR TR bavahaeaieiscled B ded as
the averageg, i'?lttglt-bﬁ%m%ck phase shift detection step is taken, wherein:
in the frequency correction determination step, the frequency

correction is determined based on the averaged inter-symbol phase shift

(A (symbol ave)) which has been obtained in the inter-symbol phase shift

averaging step and the averaged inter-pilot block phase shift (A (block

ave)) which has been obtained in the inter-pilot block phase shift

averaging step.

20. A computer-readable record medium as claimed in claim 19,
wherein in the frequency correction determination step:
a frequency correction based on inter-symbol phase shift is
obtained as:
frequency correction (symbol)
= A(symbol ave) / 2t X SR (Hz)
where "SR" is the symbol rate, and
frequency correction candidates based on inter-pilot block phase
shift are obtained as:
frequency correction (block, candidate)
= {A(block ave) = 2mm} /21w X PBR (Hz)
where "PBR" is the pilot symbol block rate and "m" is a non-negative
integer, and
one of the frequency correction candidates (frequency correction

(block, candidate)) that is the nearest to the frequency correction based on

LG




28 'phase shift ([err](synbol ave)); and the accunulation step in which the
addition obtained in the addition step-i s accunulated I3 AK“freéquency - =~ °
correction nmethod as clained in claim1ll, wherein the inter-pilot block
phase shift averaging step includes: a first nmultiplication step in which
the inter-pilot block phase shift detected in the inter-pilot block phase
shift detection step is nmultiplied by (1- [err]) ([err]: oblivion
coefficient); a second nultiplication stap in which the result of an

accunul atian step ks | tiphi b err]; an,.additieon ep. 4 ich the
Care) - mul CRgP- SRRl fess Rhif LeRbubREY or3RBR s aR] REetetiel e the
(1-[err]) - nesb§lihéeeorrb@bnpPi | ot bl ock phase shift are added together and
tHe addition i's réegarded as the averaged inter- pilot block phase shift

([err] (block ave)); and the accunul ation step in which the addition
obtained in the addition step is acecunul ated. 15. A freguenc arrection
met hod as cl ai medéjf'n A compy F-%#@P@f%r%q%&im? I%?ﬁtf&?ﬂ?ﬁfgéé cg%leﬁ ’

aver agi ng P - . | | - kch the

i nt er-syrrbé‘{‘lﬁgﬁ%ggﬂ%’hl ter ggﬂg@??g@#é%? eaﬁ’%%@ﬁgﬁggﬁhpu\ggg shift detection
step is nultipliadfibyt ealtipdicakjon( bpr In wibikch vilenimmeedslinbicd nilgseask#feond
multiplication step i.n which the result _o first accunul atiQn_step is

mul ti pl i ed #gtestedyin; theintgnwymbm Iglaéﬁ ﬁhhgt\/@%tﬁﬁquhétqpe’rsrl}m&)l’h?%ﬁ’y “result
of the firs Ul at i o nd the (1- [err] )-nultiplied inter-synbol
phase shi fta;g?@a%é‘glgbo%g%‘gfgn hd the addition is regarded as the averaged
i nter-synbol phageseebh8tmGlteplidaticry strp indwBich tlRebsult of an accumulation

step is multiplied by «;

an addition step in which the o« -multiplied result of the
accumulation step and the (1- a)-multiplied inter-symbol phase shift are
added together and the addition is regarded as the averaged inter-symbol
phase shift (A (symbol ave)); and

the accumulation step in which the addition obtained in the

addition step is accumulated.

22. A computer-readable record medium as claimed in claim 19,
wherein the inter-pilot block phase shift averaging step includes:

a first multiplication step in which the inter-pilot block phase shift
detected in the inter-pilot block phase shift detection step is multiplied by
(1- B) (B: oblivion coefficient);

a second multiplication step in which the result of an accumulation
step is multiplied by 8;

an addition step in which the B -multiplied result of the
accumulation step and the (1- 8)-multiplied inter-pilot block phase shift
are added together and the addition is regarded as the averaged inter-
pilot block phase shift (A (block ave)); and

the accumulation step in which the addition obtained in the

addition step is accumulated.

e —
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t‘he «f&rst accumul ation step in which the addition obtained in the 29
first addition step is accunul ated, and-t he: inter=prlot block phase shift
averaging step includes: a third nmultiplication step in which the
inter-pilot block phase shift detected in the inter-pilot block phase shift
detection step is multiplied by (1- [err]) ([err]: oblivion coefficient); a
fourth multiplication step in which the result of a second accunul ati on
step is multiplied by [err]; a second ad®ition step in which the

[err]-multiplied suht of the se J.on_st . (1=qlerr]
y-mul tiplied int &5 pi &%%@E‘%ﬁ%@%ﬁ%ﬁ?%@lgﬁhég "F%B’Z‘{bﬂ‘e‘{r anﬁé‘ tRe
addi tion i syhegsihddd iased-BPmBYEHRASSI shift veRiding sképiiclnbese shift ([err]
(Bl ock ave)); and the second accunul ati on step in which the addition

obtai ned i n the sefitstdmadtiplicationt tppiin whichmthatisger-spmbal phageestuift
correction t hod as,.cl ai.ned i laim9, .wherein the f.re n rrection
step inclu eﬁte%le %Wg—ﬁg#@ggapﬁ SW@ﬁgﬁtwnc%ﬁvéﬁé?q% 1C1¥ec£§¥é§t ed to
the result gf (dheHliBEHBEMGORE)ECt i On determ nation step. 17. A

conput er-readabl e record nmedium'storing a programfor instructing a

conput er, an MPUa( ecordr ondtipbicatinnt stepn ipSRviiohgithal rSswlhabf Paofessor),
rocess for correcting the frequency

312 Cé T gcgf(e%:ctem f@%q%%?’%ﬁﬁg{@g%@gt Bén device according to pilot

ppochtonous, e R IECH ol A ERE)aSAIBGLLANLACHE ) By

detected accumulation step and the (1-a)-multiplied inter-symbol phase shift are
added together and the addition is regarded as the ave__,raged inter-symbol
phase shift (A (symbol ave)); and

the first accumulation step in which the addition obtained in the
first addition step is accumulated, and
the inter-pilot block phase shift averaging step includes:

a third multiplication step in which the inter-pilot block phase
shift detected in the inter-pilot block phase shift detection step is
multiplied by (1- 8) (8 : oblivion coefficient);

a fourth multiplication step in which the result of a second
accumulation step is multiplied by 8;

a second addition step in which the B-multiplied result of the
second accumulation step and the (1- 8)-multiplied inter-pilot block
phase shift are added together and the addition is regarded as the
averaged inter-pilot block phase shift (A (block ave)); and

the second accumulation step in which the addition obtained in the

second addition step is accumulated.

24. A computer-readable record medium as claimed in claim 17,
wherein the frequency correction step includes a D/A conversion step in

which D/A conversion is executed to the result of the frequency correction

- determination step.
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&nd "extracted froma received radi o signal after despreading; an

i nter-synbol phase shift detection step in which an inter- synbol phase
shift between adjacent pilot synbols in a pilot synbol block is detected;
30 an inter-pilot block phase shift detection step in which an inter- pilot
bl ock phase shift between adjacent pilot synbol blocks is detected; a
frequency correction determination step3#n which a frequency correction is
determ ned based on the inter-synbol phase shift which has been detected in
the inter-synbol phase shift detection step and the inter-pilot block phase
shi ft whi clDBERChasiD METRIOPEOR CORRECTINIG bOCAL GFOEK ANaPFRBQLENCY
detection stepfr RADIE RECEREOSYDEVICE AJCORISIED TOPMITCEY NCEIRGENOY'S
correction is executed to the |ocal pseitiraier based on the frequency
correction which has been determined in the frequency correction

determ nation step. 18. A conput er-rgﬁgqﬁl{\%f ecord nmediumas clainmed in
claim 17, wherein in the frequency correction determ nation step: a
frequency correction bhased on inter-synbol phase shift is ohtained as:

1 equency SopiacvingR! 85iHospotoh (ThaEkoS o Bre Rl byl Fop £ Gemferd s
(Hz) where "SR' is the synbol rate, and frequency correction candi dates
based on i figaal- pApontesispakolpphese sBil deteciion sspian (o dletpsts phase)ghifis yetween
correction (block, candidate) = {(inter-pilot block phase shift) 2m/[err]

} | 2 [ errhdjacent pilot symbols in a pilot symbols block. An inter-pilot block phase shift detection

section (3) detects phase shifts b.etween adjacent pilot symbol blocks. An inter-symbol
phase shift averaging section (4) averages the inter-symbol phase shifts. An inter-pilot
block phase shifts averaging section (5) averages the inter-pilot block phase shifts. A
frequency correction determination section (6) determines frequency correction based on
outputs of the inter-symbols phase shifts averaging section (4) and the inter-pilot block
phase shift averaging section (5). An output signal of the frequency correction
determination section (6) is used for frequency correction of a local oscillation sigﬁal
which is used for the detection (despreading) of a received radio signal. A large frequency
difference can be corrected accurately and immediately regardless of whether it is at the

v

beginning or in the middle of communication.
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X PBR (Hz) where "PBR' is the pilot synbol block rate and "m' is a

non- negati ve integer, and one of the frequency correction candi dates
(frequency correction (block, candidate)) that is the nearest to the
frequency correction based on inter-synbol phase shift (frequency
correction (synbol)) is selected as the frequency correction. 31 19. A
conput er-readabl e record mediumas clained in claim17, wherein the
freguency correction process further conpprises: an inter-synbol phase shift
averaging step in which the average of e inter-synbol phase shifts which
have been detected in the inter- synbol phase shift detection step is
taken; and an inter-pilot block phase shift averaging step in which the
average of the inter-pilot block p 9€ shifts which have been detected in
the i'nter-pilot block phase shift_deflection step is taken, wherein: in the
frequency correction determ nati o@ﬁt ep, the frequency correction is
determ ned based on the averaged ©atgr-synbol phase shift ([err] (synbo
ave)) which has been obtained in i nter-synbol phase shift averaging
step and the averaged inter-pil ot gck phase shift (A (block, ave)) which

has been obtained in the inter-pi[Oebtgck phase shift averaging step. 20.
A conput er-readabl e record nedi un aD%aimed in claim19, wherein in the
frequency correction deterninatioh &€€p:] a frequency correction based on
i nter-synbol phase shift is obtai s
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frequency correction (synbol) = [err] (synbol ave) / 2 [err] X SR (Hz)
where "SR' is the synbol rate, and frequency correction candi dates based on
inter-pilot block phase shift are obtained as: frequency correction (bl ock,
candidate) = {[err](block ave) 2nferr]} / 2[err] X PBR (Hz) where "PBR' is
the pilot synbol block rate and "m' is a non-negative integer, and one of
the frequency correction candi dates (frequency correction (bl ock,
candidate)) that is the nearest to the frequency correction based on 32
i nter-synmbol phase shift (frequency co®®ction (synbol)) is selected as the
frequency correction. 21. A conputer-readable record nmediumas clainmed in
claim19, wherein the inter-synbol phase shift averaging step includes: a
fifst multiplication step in which the inter-synbol phase shift detected in
the i nter-synbol phase shift detection step is nmultiplied by (1- [err])
([err]: oblivion coefficient); a second nultiplication step in which the
result of an accunul ation step is rphied by [err]; an addition step in
which the [err] -multiplied resul acc j on step and the (1-
[err])-multiplied inter-synbol ph t oget her and the
addition is regarded as the avera ase shift ([err]

(synbol ave)); and the accunul ety e addition obtained in
t he o
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addition step is accunul ated. 22. A conputer-readable record nedi um as
claimed in claim19, wherein the inter-pilot block phase shift averaging

step incl udes:

a first nultiplication step in which the inter-pilot block

phase shift detected in the inter-pilot block phase shift detection step is

multiplied by (1- [err]) ([err]:

oblivion coefficient);

a second

multiplication step in which the result of an accunul ation step is

multiplied by [err]; an addition stepié)
of "t he accunul ation step and the (1-[er T

whi

ch the [err] -nultiplied result

)-multiplied inter-pilot block

phase shift are added together and the addition is regarded as the averaged

i nter-

pil ot bl ock phase shift ([err] (block ave));

and the accunul ati on

step in which the addition obtained in the addition step is accunul at ed.
33 23. A conputer-readabl e record nediumas clainmed in claim19, wherein

t he inter-synbol
multiplication step in which th

i nter-synbol phase shift detec §b
oblivion coefficient);

phase shift avera
ifn

a Seco

a first accunulation step is p
which the [err] -multiplied rE3% t
(1- [err])-multiplied inter-syn¥bl

addition is regarded as the afggg
(synbol ave)); and =
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'the first accunul ation step in which the addition obtained-in the first
and the inter-pilot block phase shift

addition step is accunul at ed,
averaging step includes: a third nmultiplication step in which the
inter-pilot block phase shift detected in the inter-pilot block phase shift
detection step is multiplied by (1- [err]) ([err]: oblivion coefficient); a

fourth multiplication step in which the result of a second accunul ati on
a second addition step in which the [err]

step is multiplied by [err];
-mul tiplied result of the second accumA@tion step and the (1- [err]
)-multiplied inter-pilot block phase shift are added together and the
addition is regarded as the averaged inter-pilot block phase shift ([err]
(block ave)); and the second accunul ati on step in whigh the addition
obtained in the second addition step is accunul ated. 24. A

wherein the

conput er -readabl e record nedi um as cl ai nreds7in cla'qkﬁﬂ,
frequency correction step~ncludes a DDA c versié&:&ﬂe in which DA
conversion i s executed totihe resul t of>££§§frequEﬂ@%%ﬁgrrection
; i LI
determ nation step. >z< :E OgE <o
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