(12 S E P 2004 DESCRI PTION Radio Unit 5 Technical Field The present

I nvention relates to the structure of a radio unit enployed in a baqf& EP 2004
station in radio communi cation through a portable telephone or the |1 é,

and nore specifically, it relates to the structure of conpensation contro

of a frequency offset of the radio unit in the base 10 station. Background
Techni que I n recent years, various transm ssion channel allocation nethods
are proposed in order to effectively utilize frequencies in the abruptly

15 devel opi ng nobil e comuni cati on system such as a portabl e tel ephone set,
and sonme of these nmethods are put into practice Figs. 12(a) to 12(c)
‘illustrate arrangenents of channels in various types of comunication

systens, i.e., a frequency divisi i ccess (FDWVA) system a tine
division multiple access (TDWA) s%@?rgfgnﬂl?go spatial division multiple
access (SDVA) system The SDVA systemis also referred to as a PDVA (path
division nultiple access) system ThgqlsOYR TOMA and SDVA systens are now
briefly described wth reference to Figs. 12(a) to 12(c). Fig. 12(a)
illustrates the FDVA 25 system in which analog signals of users 1 to 4 are
frequepcy- diruiklgdaVWridld radi o waves of different frequencies f1 to f4 and

transmtted so that the .signal.s of,the users, 1 to 4 _are separated by a
frequency fil ter&gPﬁr?wt'F é%lrﬁlrﬁtﬁﬂ) qﬁtrpps%relof?aosa}dﬁa%lfi zed Zi gnal s

of respect employsst i abasé stapiah in riediowoidmunaitiatowathesugh adpdrftablent
frequenci es Lye t el | t. I Itted so
that the si 6%%8}%&%%9%%%@5%%%%?&\/}% Sﬁg[élrﬁtscag?é{tsﬂgg%tre gttgg??géﬁgmﬁlgegﬁgncy
filter and tompesyaiatn contrek ¢fon eangpey oifsphefthetradiomnahin Hubbase t er mi nal
uni ts 19f theeati@spective users. 1 0 2 S E P 2004 On the other hand, the
SDVA systemis recently proposed in order to inprove frequency utilization
efficiency of radio waves due to

Background Technique

In recent years, various transmission channel allocation methods are

proposed in order to effectively utilize frequencies in the abruptly
15 developing mobile communication system such as a portable telephone set,
and some of these methods are put into practice.

Figs. 12(a) to 12(c) illustrate arrangements of channels in various
types of communication systems, i.e., a frequency division multiple access
(FDMA) system, a time division multiple access (TDMA) system and a

20 spatial division multiple access (SDMA) system.

The SDMA system is also referred to as a PDMA (path division
multiple access) system.

The FDMA, TDMA and SDMA systems are now briefly described
with reference to Figs. 12(a) to 12(c). Fig. 12(2) illustrates the FDMA

25 system, in which analog signals of users 1 to 4 are frequency-divided with
radio waves of different frequencies f1 to f4 and transmitted so that the
signals of the users 1 to 4 are separated by a frequency filter.

In the TDMA system shown in Fig. 12(b), digitized signals of
respective users are time-divided with radio waves of different frequencies

30 f1 to f4 every constant time (time slot) and transmitted so that the signals
of the respective users are separated by a frequency filter and time
synchronization between a base station and mobile terminal units of the
respective users.



popul ari zati on of portable tel ephone sets. This SDVA systemis enpl oyed

for spatially dividing a tinme slot at the same frequency and transm {t)i Sip B0
data of a plurality of users, as shown in Fig. 12(c). In this SDVA system
signals of the respective users are separated through a frequency filter,
time synchroni zati on between a base station and nobile termnal units of

the users and a nmutual interference elimnator such as an adaptive array.
Fig. 13 is a schematic bl ock diagram showi ng the structure of a 10

transm ssi on/recei ving system 200 of a conventional SDVA base station. In
the structure shown in Fig. 13, four antennas #1 to #4 are provided for

I dentifying users PS 1 and PS2. I n a receiving operation, outputs of the

antennas are SURGH kel ohferHhn dUhE ISTAMIA 5 210% i 30 Brbddieflbrfer fFC1 Vi NG
anplifier, frequency converted oca oscl tiron signal,

thereafter lmﬂfpé% uency shibizationfeffi eﬁnec@%eaadawa\@@@m&n signals through a
i gnal prodsEanr HEHEEA B phftablicicléph e ekt | %@Jﬁ%ﬂ%@%&né@@%?&%gﬁz?' @
2102 is pr JoT gpati Yél‘éﬁ%ﬁr?@?efb’ aﬁ%tgééﬂrt?ng% %‘r“é’n@é EARSINEESE 2103, a
channef al I&atarof%lﬂﬁran aﬂh@dap&s y}ﬁ)wﬂﬁzﬁay 2006, ThelebhSDMIA afdte@at i on
reference cal cgllcs (%E‘ r evi ouslg}/ cal Cg‘ﬂ'ﬁ es \éﬁet er or gﬁ t he
adaptive art&y 855?1%&‘: VEWTGT 8t ¥ATe hEP R HeARERES Ber |
response t ctimnlesynehrdrizafion ietweal allaskistationt hadchalibe temhin] emip 64

suppl i es Crﬁl%nlﬂergla %Cfﬁlaﬁﬂal ﬁt%#@%fhcoeneﬂgﬂ.ﬁ{é{g{ B9l 2" %(gaﬁtmf% on for

sel ecting frequengies an Lve-array adaptive
array 2100 wei ght'ig. t1Bds i whematiakleck ﬂeag‘r@mr slmwrem*et@ structiresof 4 n real

time gp thetraagrﬁsean&@% gﬁ?ggetexaléoacatd ShveRERNARSTIA bAS §BYion.

separating only a specjfirc. u [ Structure Adaptive Array
Ant enna] 30 Fig. ﬁaﬁm §tracmr8$rbﬂarna§r§rﬁ slﬁogﬂq%gaqtﬁé%ﬁr#&@ﬁ%aﬁ? a

transm ssi Oﬂ}d@@&ifdﬂﬂeﬁﬁfﬁnémas P@ﬂr;gappsm ng to a Si ngI e user i n t he
adaptive array 2100. In the exa

TP SRR Ty e e Ied DRMESBOE1 3,2020- 1
to 2020-n are prgvPIEFTHE RTA Pr YRS of the apte ?’&h%rd% Ge&! from2
0 2 SEP 200RBF amputit 216§ haisplifiedutirogela apleceising gmplifierefregugnays. Signal s
input 15N thg, vl B9 £ 1608 Qsdilt@iodCdPa ), BhEredtiRRhBfedtOd R0 removal of

unnecessary frequency signals through a filter and A/D converted in the RF
circuit 2101, and supplied to a digital signal processor 2102 as digital
signals.
The digital signal processor 2102 is provided with a channel
20 allocation reference calculator 2103, a channel alloter 2104 and an adaptive
array 2100. The channel allocation reference calculator 2103 previously
calculates whether or not the adaptive array can separate signals received

from the two users. In response to the result of this calculation, the
channel alloter 2104 supplies channel allocation information including user

25 information for selecting frequencies and times to the adaptive array 2100.
The adaptive array 2100 weights the signals from the four antennas #1 to
#4 in real time on the basis of the channel allocation information, thereby
separating only a signal from a specific user.

[Structure of Adaptive Axrray Antenna}

30 Fig. 14 is a block diagram showing the structure of a
transmission/receiving part 2100a corresponding to a single user in the
adaptive array 2100. In the example shown in Fig. 14, n input ports 2020-
1 to 2020-n are provided for extracting the signal of the desired user from
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wei ght vector control part 2011 and multipliers 2012-1 to 2012-n through
switching circuits 2010-1 to 2010-n. 5 The wei ght vector control part 2011
“cal cul ates weight vectors wu to Whi with the input signals, a trainl A§EP 2004
signal, previously stored in a menory 2014, corresponding to the signal
fromthe specific user and an output of an adder 2013_ The subscript i

I ndi cates that the weight vector is enployed for transm ssion/receiving
to/froman i-th user. 10 The nmultipliers 2012-1 to 2012-n multiply the

i nput signals received fromthe inputs ports 2020-1 to 2020-n by the

wei ght vectors wli to wni respectively, and supply the results to the
adder 2013. The adder 2013 adds up the output signals fromthe nultipliers
2012-1 to ved signal Sxx(t), which is
al so supplﬁgéaIQQﬁgklﬁéﬁ % vect rﬁggﬁfégﬁ part 2011. The

transnmi ssi onl recﬁ;gnahgnpamn zhe)mpuwamzozm tod220vmlaresupphied taG15-1 to
2015-n recewé/igﬁgve&o?%ﬁ&m L2011 %ﬁ&&%&lmfph%?%éﬁlﬁqafbtﬁdfz Ath¥uglf 2! 0

base station I'tiply e samne e Wwel ght vectors w suppl i ed
from the wegkehipgetsuieciillol tapio '23011 respectively and 20 outputting the

resul ts. The OUIM%ePéhtt\I&td?-ﬂoh&fﬂl §2QQi§aIIeulﬁe3QvléFHtvéét%r§Wo' ed to

the switching ci Its 2010-1 to 20 respecti vel ot her words, the

‘swi t ching cPPaH th dho ggpt ilgPBlSZ@lt(’ﬁan’%Suﬁ VAPl tOTedangt BTom ¢ he
i nput port 52(2102Q0ﬁre159012&21@-m the sagxszu@mh thecpievifitcugrardndlih Waeput efCeh vi ng

th [ I I I

part 1T to 1R Fhe i pbed SEEARE R Th8 o ket s FBRRETRG e
si gnal s. [Cﬁoe&mﬂamisﬁ"mnﬂmcpi\engfto/&manud:hMMIy] The operation pri nC| pI e of
the t ' [ 2

degcr I@Qém ggl I)QII‘ItiﬁI}I&IIIIIIIIH%I.E‘)%til elé@a?@O QIIIII ﬂysthg méﬂtgfgfﬂ%qg ?‘Iw nunber
of ant ennafremethaimpyts merzcgmjlttﬁgogﬁrﬂabi’ tbswghgés:@osﬁ Wultedfreousl y

maki ng commbe@&vas} hadisWPply thOFciRiltsitd theddder 20tBe MHeusddatdows In this

case, signal i ed from t'h espectiv ten t receiving part
1RO 2 SEP 28%% E% I‘PHI)ﬁtRAE‘“E&aIIESS ngﬁtl %I@( apdh 125 X2(t)
+ 111(t) ..outplits t]%%(liﬁ ES hmeﬁelxhdtsignlalmﬁb A&hich is aﬂﬁa euﬂ)phed tq Bhe

15 welght vector control part 2011. '

The transmission/receiving part 2100a further includes multipliers
2015-1 to 2015-n receiving an output signal Stx(t) from an adaptive array
radio base station, multiplying the same by the weight vectors wii to wni
supplied from the weight vector control paxt 2011 respectively and

20 outputting the results. The outputs of the multipliers 2015-1 to 2015-n
are supplied to the switching circuits 2010-1 to 2010-n respectively. In
other words, the switching circuits 2010-1 to 2010-n supply the signals
received from the input ports 2020-1 to 2020-n to a signal receiving part 1R
when receiving the signals, and supply signals received from a signal

25 transmission part 1T to the inputfoutput ports 2020-1 to 2020-n when
transmitting the signals. |

[Operation Principle of Adaptive Array]
The operation principle of the transmission/receiving part 2100a
shown in Fig. 14 is now briefly described.

30 In the following description, it is assumed that the number of
antenna elements is four and the number PS of users simultaneously
making communication is two, in order to simplify the illustration. In this
case, signals supplied from the respective antennas to the receiving part 1R
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RX.3(1) = h3iSrxi(t) + h32SrX2(t)+ n.9 (t) ... (3) 5 RX4(1)= hnSrxi (t) +
11.42SMt) + n4(t) ... (4) where RXj (1) represents the signal recei \ﬁeZdSEFn
.the j-th 0 =1, 2, 3, 4 antenna, and Srxi(t) represents the signal 2004

- transmtted fromthe 1-th (i =1, 2) user. Further, hji represents the

conpl ex coefficient of the signal 10 transmtted fromthe i-th user and
received in the j-th antenna, and nj(t) represents noise included in
-thej-th received signal. The above equations (1) to (4) are expressed in a
vector formas follows: X(t) = H Srxi(t) + H2SrX2(t)+ ni (O (5) 15 X(t) =
[RXi (t), RX2(t) ---, RX.(t)IT (6) H =[Hii,, h2i, (i =1, 2) (7)

N(t)::= = 11lal (t), n2(t), ---, n.(t)]JT ... (8) In the equations (6) to «(8),
[ ... ITrepresents inversion of X(t) represents an input signal vector, H
represents the coefficient 20 vector of the signal received fromthe i-th
-user, and N(t) represents a noise vector respectively. . As shown in Fir.
14, the adaptexpeessedas follopst s the signal  synthesized by multiplying the

signal s recei vegly '(T Ll}g Sﬁﬁ@?mﬁl\!@rﬁ}ﬁ ermag .by(iyhe wei ght coefficients wi

to w.,i as the rec nal S% 25 n@gg R of the.antennas is
four. ' In or delixt(d) e>h°n%lt¥tl(té+ L t%l*)(qztt)) ‘trigdsnitted fromthe first

user, for exanpken ?qu%rglhgﬁgsgg@mmmgd pr@earation, the adaptive

array operates_as t. si naI (t) from the adaptive
arrayd 2100 can E&@imlé%éﬁ%(t)?égﬁg n{%])tl pl ying the input signal
vect or X(t\)uh@i/eﬁ ?géﬁré\é@ﬁtﬁhe\/ﬂlg‘nﬂ :(etc,bw)é@n)awhmth GoL, 2V W1, wel,
WB1, W11 T her _wor r}(VthE%Sth i wej ght
coef fi ci enftGna al%doéré‘* 92‘66%“*%%5 %ME%}%%F‘?% (If)o the j-th input
signal RX1fXysas an el enment. The input signal vector X(t) expr essed in the
equation (5) iSpyrther, hy represents the complex coefficient of the signal
10 transmitted from the i-th user and received in the j-th antenna, and njt)
represents noise included in the j-th received signal.
The above equations (1) to (4) are expressed in a vector form as

foliows:
X(t) = HiSrx(t) + HaSrxa(t) + ma(t) ... (8)
15 X(t) = RXa(t), RXa(t) -, REn(D)]T ... (6)
H; = [Hu, hes, -, hai]T, =1, 2) (D
N(b) = = [mt), na(t), -, nat))T ... (8

In the equations (6) to (8), [-]T represents inversion of [--].
X(t) represents an input signal vector, Hi represents the coefficient
20 vector of the signal received from the i-th user, and N(t) represents a noise
vector respectively.
As shown in Fig- 14, the adaptive array outputs the signal
synthesized by multiplying the signals received in the respective antennas
by the weight coefficients wi to wni as the received signal Sgx(t). The

25 number 1 of the antennas is four.
In order to extract a signal Srxi(t) transmitted from the first user, for

example, under the aforementioned preparation, the adaptive array

operates as follows:
An output signal y1(t) from the adaptive array 2100 can be expressed
30 as follows by multiplying the input signal vector X(t) by a welght vector Wi
y1(t) = XOWiT ... (9
Wi = [wi, wei, way, wa] T i)
In other words, the weight vector W1 has a weight coefficient wi (j = 1,

-4 -




substituted in the input signal vector yl(t) expressed in the equation (9)
as follows: 5 y1(t) = HIWTSrx1(t) + HZWTSrx2(t) + N(t)WT (11) vm?ﬂ?%g@2%4
adaptive array 2100 ideally operates, the weight vector control part” 2091
sequentially controls the weight vector WL by a knowmn nethod to satisfy

the follow ng sinultaneous equations: HIWT =1 ... (12) 10 H2WT=0 -(13)
When the weight vector W is conpletely controlled to satisfy the

equations (12) and (13), the output signal yl1l(t) fromthe adaptive array
2100 is finally expressed as follows: y1(t) = Srxi(t) + Ni(t) ... (14) 15
N1(t) = ni(t)wli + n2(t)W2l+ n3(t)w3i + 114(t)w4l ... (15) In other words,

it follows that the signal Srxi(t) transmtted fromthe first user in the

two users i ' | | i f ' to Fig. 14, the
mput o1 gnar Sy RTEbALA b BnGltp R PR Kl a0 SR BEBERE P T 2

transni ssi on parthe input signabvegter %&) axpragsed oo the equationdSkispplied to the

first input - | BldRY " > 3 hezél{lﬁr ggnei ght

vectors w, I&%th’fﬁ%{%}‘{ﬁé %Hlﬁcszﬁ%ﬁ%{ﬂéog %36'?%§T\?\£%ght3t vec orﬁbcno%@tjrgl part

2011 on thefol&®iss of the received si gnal s as descri bed above are copied

and applied to tppﬁt]peqplw;rg@ﬁﬂi)s\u phwLheseH Xy, ers  respagtively. 25 The
| nput signals we ted by,these rrult'%li. rs,are sent and transnjtted to
the correspondi ngﬂ]é?r‘l‘t %@a%\,ze Xy, 0,1&3%]11’ RPETAIASt WE@&e‘?ﬁ di ng

sw tches 204ddhtiol ROER0A,1 stglenially-contidldthe wilghtusetea WobycaltnBd are
identified in,the foll.ow nner. A radio signal froma portable

t el ephone Sg{etfxg(?g;? ﬁﬂéﬁ@%ﬁﬂwg ?]élﬁlélt%eos Sr%(gf%m '*The radio si gnal from
the portabl e tel BhWaAe et is roughly. (¥)rnmed by a preanble consisting of a
si gnaljgseries knwltro__ﬁhe radi o base (lsat)ation and data (voice etc.)

consi sting of a signal series unknowi to'the radio se station, 5 0 2 SEP
2004 The signal Y¥hertheweight yacsemBirés compledely condrolled tossatisfy the

i nfor mat i onefRatibAS (12) M A0 I Shtpt siataltyhi(® fvemrthesadapiosd apdyuser for
2100 is finally expressed as follows: '
y1{t) = Srxa(t) + Na(t) ... {14
15 Ni(t) = ni(t)wir + nzt)war + na(t)wa + na(t)wa ... (15)
In other words, it follows that the signal Srxi(t) transmitted from the
first user in the two users is obtained in the output signal yt(t).
Referring to Fig. 14, the input signal Stx(t) for the adaptive array
2100 is supplied to the transmission part 1T in the adaptive array 2100, to
20 be supplied to the first inputs of the multipliers 2015-1, 2015-2, 2015-3, -,
2015-n. The weight vectors wi, Wai, Wsi, -+, Wai calculated by the weight
vector control part 2011 on the basis of the received signals as described
above are copied and applied to the second inputs of these multipliers
respectively. A
25 The input signals weighted by these multipliers are sent and
transmitted to the corresponding antennas #1, #2, #3, -, #n through the
corresponding switches 2010-1, 2010-2, 2010-3, -, 2010-n.
The users PS1 and PS2 are identified in the following manner. A
radio signal from a portable telephone set is transmitted in a frame
30 structure. The radio signal from the portable telephone set is roughly
formed by a preamble consisting of a signal series known to the radio base
station and data (voice etc.) consisting of a signal series unknown to the
radio base station.



maki ng comuni cation with the radi o base station. The wei ght vector

control part 2011 of the adaptive array radi o base station 1 conpar gp §§F2®4
training signal corresponding to the user A fetched fromthe nenory é%

with the received signal series and perforns wei ght vector control

(decision of a weight coefficient) to extract a signal seemng to include
the signal series corresponding to the user PS 1. In general, QPSK

nodul ation or the like which is a nodulation 10 system based on PSK

nodul ation is enployed as a nodul ati on system applied to

transm ssionlreceiving in a portable tel ephone or the like. In the PSK

nmodul ation, synchronous detection performng detection by integrating a

[ | h th | |1
carried out . 25 tRerieLeene oh Bhe PReaabE BN LR LR T o1 "ener at es
a conpl ex mﬁorm@dﬂoa ﬁoandaﬂﬁyn;mwheﬂmm&chuﬁntlﬁs b isendesiréd sgercfory of a
modul at ed g%rregﬁﬁﬂ%ER?HH§a$%t%E'? {)ﬁ p‘f‘hteq{r ﬂt VP&%ver

frequency error to as frequency of S are resent in
osci | | at orsc@mtrom@rw(bﬂstpﬁtbg.aﬁ@@m aermwm@c)rtce@éuswmgn mwr@ﬁt Re

recei ved si Mhm S sl a%&rr@si?d%ﬁ‘hﬂé‘t@ﬂmé O A'T@tchfeﬁ%ﬂﬁsﬂhfelxﬁ@m%i bbe4
recei ved si %‘f‘aii‘éﬁm nt rotated on the receiver, side due to e.errors.

Ther ef or e, arFeeivel sigp SETGS FRAGPE r@?ﬁ&%ﬂhﬁ&ﬁ%toaé%?ﬂ CiRPRss
conpensat i ngf h@&eﬂgh@ cﬁéﬁqm@ﬂmﬁ extbicel sign8lUséerhimgoteimeludd {isetignal e

gener at ed naqt_.onl fﬁf‘g 5| on ?$1a 25 local oscillation frequency in
t he aforerreﬁ?PSﬁ&énte%B% ?l”éﬁ)é i'ng period but also by a set error,
t enper at ur e f| uctlnaggenenal, QREX amehgdetiandrithe likei whichaisch rvalwdaen vi ng

char acfeeri Stsxgte'rﬁ b%gé:i'%lpslé%&ﬁ{lgﬁaﬁ?? ﬂ#ff?* s a%&ﬂ%ﬁgﬁ%&@&ﬂcy

conponent e recelver chni que of
provi di ng tﬁ@pél@dc@mréﬂsmmgmﬂmcpmngéqmya@@ delephongprithgdikeon (AFC) " in

]E he conmuni fc?t I ?flnst?lfetmlﬁﬁodﬁﬂ%%na Hf%hb@@'d@%ech%ﬁ?ﬁrﬂ?ﬁﬁ &dtebhemrrier
requency of.fsets n suc perjorne automati.c ncy
onirel Y ot e Seraithg B erkral oy Bok ol Ytk & dhrricr i papcdited HEPUTRSY
operati on cgenerallp caxpedveatl under nobile communication -6 0 2 SEP 2004

havi ngy transm sg %ﬁ’lﬁ&éﬂcﬂ& &é’c‘é&@ﬁité"’lo‘lﬁlf E%ﬂ?%d%&n%{rh&[él Oﬁﬂlﬂ peed

phasi ng, burst si‘gha ransm ssi oh ommn-
conjugate carrier synchromzed with the centex frequency of a modulated

wave. When the synchronous detection is performed, however, frequency

exrrors referred to as frequency offsets are generally present in oscillators on
the transmission end and the receiving end. When the received signal is
20 expressed on an 1Q plane, the position of the received signal point is
rotated on the receiver side due to the exrors. Therefore, it is difficult to
perform the synchronous detection unless compensating for the frequency
offsets.
Such frequency offsets are generated not only by the precision of a
25 local oscillation frequency in the aforementioned transmission/receiving
period but also by a set error, temperature fluctuation, time change and the
like, and the receiving characteristic is abruptly deteriorated due to a
carrier frequency component remaining in the signal input in the receiver.
A technique of providing the so-called "automatic frequency control
30 function (AFC)" in the communication system is known as a method of
suppressing such carrier frequency offsets. In such a generally performed
automatic frequency control function, however, there is the possibility that
a sufficient operation cannot be expected under mobile communrication
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frequency interference or the like. 5 Disclosure of the Invention An object
‘of the present invention is to provide a radio unit enployed for a Qﬁ?SEPZM4
station capable of allocating a conmon channel to a plurality of wusers In

a common cell by a spatial division nultiple access system for

conpensating for a carrier frequency offset between a termnal and the 10
base station while inproving utilization efficiency of the channel. Briefly
stated, the present invention provides a radio unit conprising an array
antenna including a plurality of antennas and an adaptive array processing
part for receiving signals fromthe plurality of antennas and extracting a
signal froma prescribed termnal, while the adaptive array 15 processing

part includes.a frequency.offset .co nsati.qn.,part far, .commensating for a
frequency OFf¥R§ ajfans bqr’v‘é)&%é %gﬁc 45y éﬁé’éf ?‘88313%%"3?1£§65P8P3set
conpensat i qgrhagusag thiurgt signdl tiaasmission wmd tifpath el ay digiorises, coammohf set
quantity d tion:part for regeiving an output of the adaptive array
pr ocessi ngq%%ﬁ{en;&mﬂgg{ﬁrggﬁ %&E%]\eﬂ{?‘r equency offset at prescribed 20 tim ng
and an of fset conpensation quantity operation part updating the offset

corrpengatiqgisg{/b@g]é‘%é%/ e ahasi s of the result of detection by the

of fset quantit ction part. Preferably in the radio_unit, the received
'signal is dividedniohiest af the prespnt inventiomgisdomgopide 7 sadiei unis emplgred s| ot

i ncl udes a fol h¥aseafthtigh _cﬁ*)%l@'of aflRcatifif WloRtm8n RIRGRE tohiadrafyesfence
signal and a second %?rtla trangmtted da nd the

i)ltgnal |.glgéiudi_n %a, fa

of f set quant§ory TH&QRNgR gty 2 seatigledivision multinle degess sySH¢ABF hol di ng
tEe r ef er eneensérgiaging ﬁrfanﬁﬁﬁrﬁ‘ﬁuﬁenb?wﬂséﬂbew&n h oenhial amdhtite oEi zi ng
t he phase n.output, from the adaptiye a r rt with a
bt eseti bed presatbR bt PRbH0A BURH A i Ren ol BERBTHARNBET | V0

di fference bet weBneflystateide thapresenymavernsiar provides heraddio vnit eomepagaepar t
and the OUtQHtar%zggﬁ%ﬁé?ﬁaaﬂﬁﬂidjﬁg APRRALEY BEESRIAPA ahhdaptRAY 4Qdywhen

OULPULL | ng. PRECHAERASh e TSCENURSHAAA 0 16 BIHAAY b AEePrad gl i
2004 phase- bagkétifly Badi g aNfofnhe p séEcpibledf teoitih Ale witdpth e/ @d & tiay aprHcessi ng
part kn a fcfé';e(s)d vvhentt hlﬁ adag%llF ve art g}ﬁsgﬁocessel n%igar t rgtﬁrput s the
second® par IPGRATE 1AGYAEH2 SFTBEPCE EPTBREPAFLOF &A racting the
frequency compensating for a frequency offset of a received signal in response to a
supplied offset compensation quantity, and the radio unit further comprses
an offset quantity detection part for receiving an output of the adaptive
array processing part and extracting the frequency offset at prescribed
20 timing and an offset compensation quantity operation part updating the
offset compensation quantity on the basis of the result of detection by the
offset quantity detection part. _
Preferably in the radio unit, the received signal is divided into a
plurality of slots to be transmitted, each slot includes a first partial signal
25 including a predetermined reference signal and a second paﬂ:ial signal
including transmitted data, and the offset quantity detection part includes
a first storage part for holding the reference signal, a forced phase-locking
part forcibly synchronizing the phase of an output from the adaptive array
processing part with a prescribed phase, an exror signal generation part
30 outputting the difference between the reference signal stored in the first
storage part and the output from the adaptive array processing part in a
period when the adaptive array processing part outputs the first partial
signal while outputting the difference between an output from the forced
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of fset on the basis of the output fromthe error signal generation part 5
Mre preferably in the radio unit, the offset conpensation quantity(? SEP 2004
‘operation part includes a second storage part for storing the offset
conpensation quantity at any time and a cal culation part cal cul ating an
update value 0' for the offset conpensation quantity as 0' =0 + p. x A0 on
the basis of the offset conpensation quantity 6 stored in the second
storage 10 part and the output A0 fromthe offset extraction part assum ng
t hat represents a prescribed coefficient. O, nore preferably in the
radio unit, the offset conpensation quantity operation part includes a
second storage part for storing the offset conpensation quantity at any

of fset conpElestIAISEE ORI 4 MBI A MBSt Ry Yeathssiaddly

quantity 0 & arlm:nqdqwhan theadaplnse arzeppEessing g arhoutpatsphe saCorfd om t he

e S ki o
ignel

t he updatin rogr 8sses nore prefera
conpensat i ofi et@malmba%lw éh%mutmtﬁa@m rer Bt S geeerafionepdttd st or age

part fgr stori ngMéﬂéﬁ)r@fé}ﬁﬁfg SHOIREATAL LAk, %@Bﬁséb’c&hP@ﬂé(atidr{T&uéﬂﬂtya

cal cul ation Bart calcul ati g an up gat e val ue (' r set

conpensat i of I}P?tdﬁ S an3pcPRAStonage peet Blﬂgetg’é’d{ $h quantity O
oxtracti on Sﬁf“?’@%ﬁf@iﬁﬁ@ﬁ%@” F‘igg“%’ ht?ﬁgg‘*g?aﬁ?ﬁgtéﬁﬁﬁ“ﬁﬁéﬁmﬁ g in
response t 0 PRAtRY BTG e oYt Le T ens Pttt B t he
error si gnalthgdasrsaifithe ofset corfipensation gueﬂiat;aﬁlsyoneld llnhléxersmiomd gturhget he
For SO0 OSBRSS M A 4 L RRIAE S
part cal cul ZEP¥RFents 3pragpaded apgfficient. f or the of f set conpensation quantity

i) on the basis @y here el Aéﬁﬁﬂa%@@dxb%la%@tdﬁéétfeoﬁtp@ﬁgﬂub@ the second
storage part and the oyt put mthe offset extraction part wh

i ncreasi ng twrmrarﬂnemmeﬁaﬁbgﬁ eY® 48ASIORAE LR ESF‘H“PEE ﬁ"?tt ude
of the abSO|cUhﬁae\n%bﬁ©nQiuan$1t9 2 ﬁlﬁn&&ﬂwatdakﬂuhbntpéntr@mdﬂmg mar signal

gene 843 00 Wk el 5P L ABRed iop SRS R GSGSII AT,

when t he adaffses compeayatpongessiity Sptotedoon et secohd storage part and the
output AB from the offset extraction part while reducing the quantity
changed in updating as the updating progresses.

Or, more preferably in the radio unit, the offset compensation

20 quantity operation part further includes a second storage part for storing
the offset compensation quantity at any time and a calculation part
calculating an update value 8’ for the offset compensation quantity on the
basis of the offset compensation quantity 8 stored in the second storage part
and the output A8 from the offset extraction part while increasing the

25 quantity changed in updating in response to the magnitude of the absolute
value of the output from the error signal generation part.

Or, more preferably in the radio unit, the offset compensation
quantity operation part includes a second storage part for storing the offset
compensation quantity at any time and a calculation part calculating an

30 update value 8' for the offset compensation quantity i) on the basis of the
offset compensation quantity 6 stored in the second storage part and the
output A from the offset extraction part while increasing the quantity -
changed in updating in response to the magnitude of the absolute value of
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.second partial signal, assumng that represents a prescribed coefficient.
5 Preferably, the received signal is divided into a plurality of SlOﬁZEE@ZM4
be transmtted, each slot includes a first partial signal including
predeterm ned reference signal and a second partial signal including
transmtted data, and the offset quantity detection part includes a forced
phase-| ocking part forcibly synchronizing the phase of the output fromthe
10 adaptive array processing part with a prescribed phase, an error signal
generation part outputting the difference between an output fromthe
forced phase-locking part and the output fromthe adaptive array
processing part in a period when the adaptive array processing part

out puts thethemmltpﬁoini tAle ark@mgnahgbmanbhq&trteﬁtarpm@dm}martﬂlef or 15

t ti t ffset th ut.-puty f t _
Sional  generapPHYE R ¥rlel Rk naR: OIS ThY 685, bARLABHE) Sk Al 5T c
det eri orati &nt afx ae m eqernidwhehdhaatdeptise lagx 2y prdve s suygp & Sedp bis the

trolli
compensat i ngehSEphital ?%%‘S@R?SS%?’?&% fotlalisnl BEERELAG chpiiht, o
users to a comorrefrzahb, tbﬁaeqemdosxgn m}p.a PEH@]J‘QYIO’@ pteial
Brief Descriiphhonit@dd, té&%h@[&%a%egla%xs% pattid) sphelshéladph gk di agr am

showi ng the structure se station 1000 a cordlng to a first
enbodi ment d’freflﬁ@rﬁ%g‘gﬁ?f%rﬁ’%?e?’lﬁ%n‘%?g*ec@‘i éo ram f or

illustrati ngréﬂﬁnﬁitédmhw endf tha ofssegq&hnhltgard@t@jﬁ(ﬁdpbﬁtlmhrﬂea 4 foreadhal and
t he SDVA bas thl 100

34s a.fl artf Il ustrati
oper ati ons (ﬁ it éorc%g§mf}ﬁ?ﬁlﬁlﬁ§3‘ﬂ§ ﬁed} @u% EO&.‘ ﬁgei s a
schenall c blaﬂaptdreagrrampfromessiﬂglpantmhga pﬂwcsbeduq;xhaﬂse, aih err:m sl base
station 120 ﬂiﬁ? mithyention. 9
02SEP 2%)@%29]5%%% 8“ ow cgar rtfe&g{e?gﬁ%ng er at [ oﬁé of the
SDVA base lsingop At e d féletmetpyé Pﬁt"r‘i’taﬂFYg 6is a
schematic b'}ﬁ%&&&ﬁ am ﬁpﬁ lekdoblSt et bR allABtiSE ra!r!ﬁ:l foeksingparpVA base
station 140 ccor gbg to apt aid erggodl rreﬁ? theybresent%rb .
outputs the Second partial signal and an o set extraction part for
15 extracting the frequency offset on the basis of the output from the erxor
signal generation part.
According to the present invention, therefore, deterioration of a
receiving characteristic can be suppressed by controlling the array antenna
by adaptive array processing thereby compensating for the frequency offset
20 while allocating a plurality of users to a common channel and improving

channel utilization efficiency.

Brief Description of the Drawings
Fig. 1is a schematic block diagram showing the structure of an
25 SDMA base station 1000 according to a first embodiment of the present
invenfion.
Fig. 2is a conceptual diagram for ﬂlustratmg the structure of a
signal transferred between a terminal and the SDMA base station 1000.
Fig. 3 is a flow chart for illustrating operations of the SDMA base
30 station 1000 shown in Fig. 1.
Fig. 4 is a schematic block diagram for illustrating the structure of
an SDMA base station 1200 according to a second embodiment of the
present invention.




5 invention. Fig. 7 is a flowchart for illustrating operations of the SDVA
‘base station according to the third enbodinent. Fig. 8 is a schenath 0
bl ock diagramfor illustrating the structure of an SDVA base statio i@é@
according to a fourth enbodi mrent of the 10 present invention. Fig. 9 is a
flow chart for illustrating operations of the SDVA base station 1600
according to the fourth enbodinent. Fig. 10 is a schematic bl ock di agram
for illustrating the structure of an SDVA base station 1800 according to a
fifth enbodi mnent of the present 15 invention. Fig_ 11 is a flow chart for
il lustrating operations of the SDVA base station 1800 according to the
fourth enbodinent. Figs. 12(a) to 12(c) illustrate arrangenents of channels

in various typ of .co nication. tens, i.e., af I vi sion

mul tiple accesseﬁgogﬁ/gt ¢ aﬁtitﬁﬁﬂﬁ%@%g OHﬁﬁ‘?Q}}SeOf;@g@S%g%% and a
spati al di\dtstion 1280| dccpidingec ebs ssoosidesmbddignent3 i s a schematic bl ock

di agr am show ng +#:he r r fiia . hransm ssi.an/recei ving,system 2000 of a
conventi onal SDI\]/T&Ebgége agst%}e}glln%&% bl&‘flbfh"’ﬁza’f“sf%ﬁ @Pﬁ%ﬁgﬂig&bﬁ%gﬁmﬂ t he
structure ofn @DMAthasesstaEen dd0P ecednding tparthixzt @dhodion eretsefohdi prgsemt a

si ngl e5 useripivinfgn_adaptive array 2100. Best Mddes for Carrying Qut the

| nvention [First Enbodi ment]; 30 [Structure of SDVA Base Station 1000] Fig.
1 is a schemati 18 ddr adiiewy chartshsnlnstratiagopeyations obthexnDMaspase

station 100&a8ie60icdbrlHingQo dhé thyt pAbQHEAt of the present invention. -10

0 2 SEP 2004 Refgrring to.Fig..1,. the SDVA hase station 1000 conpri.ses RF

circuits 2-1 to @&Srlg&?%eﬁ'&tﬁl@?&ﬁ&??@ﬁq ’ilr'-‘rséﬂﬁt%ﬁﬁ thestrpsirediny a

plurality ofn&dinbasetstation#b00espocdinyab ) fandtld embodonvet bf i t he sane

and agglzogjépésgbg%\a#tfo%verters 4-1 to 4-4 for receiving the signals from
ci S 2-

the 5 curts 10 °2-4 respectively for converting the signals to
di gi t al Fig. 915 a flow chart for illustrating operations of the SDMA base

station 1600 according to the fourth embodiment.
Fig. 10 is a schematic block diagram for illustrating the structure of
an SDMA base station 1800 according to a fifth embodiment of the present
15 mvention. _
Fig. 11 is a flow chart for illustrating operations of the SDMA base
station 1800 according to the fourth embodiment.
Figs. 12(a) to 12(c) illustrate 'arrangements of channels in various
types of communication systems, i.e., a frequency division multiple access
20 system, a time division multiple access system and a spatial division
multiple access system.
Fig. 13 is a schematic block diagram showing the structure of a
transmission/receiving system 2000 of a conventional SDMA base station.
Fig. 14 is a block diagram showing the structure of a
25 transmission/receiving part 2100a corresponding to a single user in an
adaptive array 2100.

Best Modes for Carrying Out the Invention
[First Embodiment]
30 [Structure of SDMA Base Station 1000] _
Fig. 11s a schematic block diagram showing the structure of an
SDMA base station 1000 according to a first embodiment of the present
mvention.
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signals and outputting the sane as received signal vectors X(t). Wile it
is assumed in Fig_ 1 that four antennas formthe array antenna for (7 SEP 2004
sinplifying the illustration, the nunber of the antennas may nore
generally be n (n: natural nunber of n ? 2). 10 The received signal vectors
X(t) are vectors having the signals received fromthe four antennas as

el enents. The SDVA base station 1000 further includes a frequency offset
correction part 6 receiving the signals X(t) fromthe anal og-to-digital
converters 4-1 to 4-4 and perform ng conplex nultiplication on the signals
15 X(t) and a frequency offset correction value O(t) derived as descri bed

| ater thereby outputting the results as signals X (t) subjected to

i f , i pl 12- 12-4. [ Vi he
Slgnal’s X (1) oL FEREI ok i,ttﬁtﬁe%ﬁﬁf%@a%?eéﬁaét%i?ﬁt"ﬁeceliﬂaﬁlsrsgﬁfﬁl g nothe
respect | ve) sands i 1é plicngiving sighalehisn shaireay antdnmlahiedbphor s W)
T e o | or s Pl S0 Eh seind e fe R ADR A BEp PP BNERHL S shE QAT
y(t), and aahdraredopitasigitaconmertprotdsi f14 foarecei?ihgr heacignalg frére thet put
from the adder cdddon | ol aXREIN Y GHRS-HAE 1 ERAIEIET, bR Onal V(1

wth aprescrl ase nt re that the
si gnal y(t) sign S@Mrmttpemnaﬂteewmc@mracezsedlémaédfes@mﬁﬁb)l anong a

plurality of termwhRabkssisfRsumeANR Be i"%ﬁaﬁ&h‘a&ﬁt%ﬁna‘s%fﬂﬁﬁerﬂ%ﬂﬂ ation, for
part 20 per FORFRNS IUCBURAHEAR il ajions She ARBRT G SL eI SRBARRISUD] o
part 20 per bj ect ed
t)(r)] S:SK goglui;%t: moemnbb@Iﬁ(rgﬁtuﬁglﬂmbgf)gfeﬁ?@wl ng to aI g(r:EISCH bed phase
proce55| ng part Zﬁl Eece #it‘%FE r%’if\'ec? %%E%ﬁ&l@?ﬁﬁal d (t).
The SDVA basrece;t’adlfmmIb@ﬁ)dmnﬁeanasasmlemestsi menory 30 previously

hol ding a refere | %Hic&p EP 2004
synbol s (for exanple, D%)%bab%%t }916? %ﬁg@?g@gﬁgggﬁ %‘%én% ﬁgot and

out putting tCREXeSHPE Rartd @F@}mg e signals X® I%éh?laé'l egbq-duitalet ect i ng
whet her a seehvefteh@m Nt 4-h,eaﬂcpﬁarfeﬁﬁﬁl§ecﬁﬁﬁle;d ﬁult@ﬁﬁté‘t@&h eh tae?seg:ﬁalgn

L R TN MR N N
fromthe f orthedeby outputting the results as signals X'(t) subjected to correction of
frequency offsets, multipliers 12-1 to 12-4 receiving the signals X'(t) output
from the frequency offset correction part 6 respectively and multiplying the
same by elements of weight vectors W(t) respectively, an adder 14 receiving
20 and adding up outputs from the multipliers 12-1 to 12-4 and outputting the
result as a received signal y(t), and a forced phase-locking processing part
20 receiving the output from the adder 14 for forcibly synchronizing the
phase of the signal y(t) with a prescribed phase point on an IQ plane.
It is assumed here that the signal y(t) is a signal extracted from a
25 desired terminal among a plurality of terminals, for example, and subjected
to QPSK modulation, for example. Therefore, it follows that the forced
phase-locking processing part 20 performs processing of forcibly
synchronizing the signal subjected to QPSK modulation with a signal point
corresponding to a prescribed phase on the IQ plane.
30 A signal output from the forced phase-locking processing part 20 is
hereinafter referred to as a replica signal d'(t).
The SDMA base station 1000 further comprises a memory 30
previously holding a reference signal included in a preamble among
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‘phase- | ocki ng processing part and the reference signal d(t) fromthe

~menory 30 for outputting either signal under control of the timng c@gngg@4
part 40, an adder 70 for adding up the output fromthe switching circuit

and the output fromthe adder 14 after inverting the signs thereof, and a

10 weight calculation circuit 10 receiving an output fromthe adder 70 for
cal cul ating the weight vectors Wt) by known adaptive array processing.

The SDVA base station 1000 further conprises an adder 80 addi ng up a signal
obt ai ned by inverting the sign of an error signal e(t) output fromthe
adder 70 and the reference signal d(t) or the replica signal d (t) 15
output fromthe switching circuit 50, a conplex conjugate processing part

60

S onal o (13yals U balgi AT Pt i g SV 1O B
out put fromumatungwheﬁawqmgatwabrdéﬁeeleglmnttrfda)m 40Htet©cttnpg|t from
the adder &g %%ﬂon%ﬁﬁ ttheFeRAbhce A8nhELES kbR AR aﬁé’éd@i&n dagq the 20

mul tiplier actlng he I magl nary part_thereof _ ther extracting
a frequencyD@ﬂif b@mn@no sefereqrecnandl 16itepeived e thg Tereived lﬁnﬁipépﬂes tstep
CO?I fi lS' e”tats?]v‘i’fch @ir@hif’t%ﬂtﬁ%eitﬁﬁ Q‘%e Qt SpIReNsG gh tﬁpﬂ!'(?ﬂ:é&ﬁ ;tha fﬁiﬂeﬁl F' Ihelr d110
mul tiplying {he coeffigient Ou om S i ci ent hol di ng
part 120 byPRage- "rcgkﬂﬁaﬁweﬁ?flpgé)car&ﬂ&ﬁtﬁg? ence ﬁgﬁafg(fi 5?1 €storing an
25 updat e Valeiforyd30 fdiemf)ﬁeterhg @ﬁh@ﬁ?%gﬁia%@md@tll@ﬂﬁl[rby of Birettiatingfcoaétol
conpensation_va rt or, cal.cu se
conpensat i oR? ffu‘%# ng ?‘Si Bgﬁg’e&t%‘]‘gﬁ‘“ #Os% %5&5‘%‘@'3? Cu‘ﬁui/a ue in
precedent panddahsiongpat ﬁmmjthenadcﬂm I ey niwtﬁtmgdt}mnmgus plaereof.cand he

ol A e A0en ILDALRSABRAE 10, BLOUIPH ohHAT 05, B1J SflooRyRENSA! | On

val ue " cal culation correctlon part 6
corrects thealcui @q@@hh?“@ﬂg}ste‘f@t@lﬁ Wik hm]{m}t’ aflap Ve an RSB gi t al
converters 4-1 tQ‘he”SﬁMA%asgs’?atﬁﬁ@@@ﬂuﬁhGr c&nbﬁs@s eanERtr sy addiagr am f or
|IIustrat|ng@the stai %tured?W transferred bsgt : aterrtnnal and
the SDVA bad® 3£4M25Q0YE m&’ﬁ%“ﬁgé &teh BT S1gp “Bﬁa‘i’ B one frame
i s divided ifia thegldides 70t:md e tdfaterdeesign alst(tyf muthe Fepdicatsigmaled'@pl oyed
for r el(‘sei vi %%’tptflf) Frof P g@itcﬂ{ﬁ% (tip@l.lirt %%f af(:Bprlé)k Qﬁﬁju%ra@e processing part

60 receiving the output from the switching circuit 50 and outputting a
signal d*(t) of a complex conjugate, 2 multiplier 90 for multiplying the
output from the complex conjugate processing part 60 by the output from
the adder 80, an offset extraction part 100 receiving an output from the

20 multiplier 90 and extracting the imaginary part thereof thereby extracting
a frequency offset A, a step coefficient holding part 120 holding a step
coefficient p for obtaining the offset compensation value, a multiplier 110
multiplying the step coefficient p output from the step coefficient holding
part 120 by the frequency offset quantity A6, a memory 140 for storing an

25 update value for the offset compensation quantity, and an offset
compensation value calculation part 130 for calculating the offset
compensation quantity 8(t) in xesponse to an offset compensation value in
precedent processing stored in the memory 140 and an output from the
multiplier 110.

30 In response to an output from the offset compensation value
calculation part 130, the frequency offset correction part 6 corrects the

frequency offsets in the outputs from the analog-to-digital converters 4-1 to
4-4.




enpl oyed for transm ssion, for exanple. Each slot is formed by 120 synbol s,

and the signal of one frane is allocated to four users with a set Ofﬂﬁ 2004

single receiving slot and a single transmssion slot in the exanple s 86\%

in Fig. 2. 10 Fig. 3 is a flow chart for illustrating operations of the

SDVA base station 1000 shown in Fig. 1. Schematically illustrating the

processing carried out in Fig. 3, the signals X(t) fromthe array antennas

#1 to #4 are subjected to conplex nultiplication with the frequency offset

conpensation value 6(t), and 15 thereafter subjected to adaptive array

processing as described with reference to Fig_ 1. The error e(t) is

obt ai ned fromthe out put si gnal y(t) output fromthe adaptive array and

t he reference s the t calculation circyit 10

perf or ns adapt| &r‘ﬁ% 0@5?9\‘? %S'Q@Wntgh eesrtff‘d?t“é(?t#,a 20 t her eby

cal cul at i ngsighel tmmgfﬁrwdabemeéﬂa)eﬁmamgnﬂhhe@mwge gt 1000 in

correspondi ]%Pesgﬁlfﬂn th%nna as the elenent. At this tine, a

ci rcunferential €rror o 2 carrier frequency conponent on the 1Q pl ane,

i.e., the frequeAcsygwilicfenefahme isdivided mroagighti siotmmotthat tha st ffsugnal

y(t) fromt 8 e

cal cul gt | ng%h%%%méﬁyggn%%ﬁ%%% f/(glegxgﬁg:?g )aﬁ%ﬁﬂ?keﬁ%&ggssg%gﬁ?

updat i ng thélﬂ'll’ﬂl Eﬁl‘ftﬁ&’f@éﬁwm axrexageplei on  having the reference signal

in the slot of t | oot o(t) is
E%cﬁ RER 1¥?&n§éc99 1120 §S‘z‘?rhlﬂfl§ Skid tﬁ@@@ﬂgaf bﬂ@geea]!.at hdlfs

al so sequentially )ctiate when t 'vect or 'S up romthe
reference sPyAe} eé(tP %BSQI’ﬁémlth@eﬁF@é asﬁlﬁﬁlzfl TegGVIRE: angk 3 spgl Bdapt i ve

array |ear nitf@smlesibhq;lmtﬂmmlg Pkt irhPid. 129 no reference signal, the
sequert ar y updiibd By EE VL SRR C° a3 it tBF SRR Lo
si gnal -13 Gtz EOG0 EBGWndh(}'ﬁg dbt ai ned by f or CI bI y phase-1 ocki ng t he
ehiPut )T W M LRI AR, S 1
the SDVA bastEnalai( @rffqladbe@é%@!’ antepnas #5tq ?ﬁé arg sybjeshasbth eampleger f or s
array | ear nintgltaitablohS@ith BT € tRG e Bompensation value 6(t), and
15 thereafter subjected to adaptive array processing as described with
reference to Fig. 1.
The error e(t) is obtained from the output signal y(t) output from the
adaptive array and the reference signal d(t) so that the weight calculation
circuit 10 performs adaptive array learning on the basis of the error e(t),
20 thereby calculating the weight vector W(t) having the receiving weight
corresponding to each antenna as the element.

At this time, a circumferential error of a carner frequency component
on the IQ plane, i.e., the frequency offset value A8 is extracted from the
output signal y(t) from the adaptive array and the reference signal d(t), for

25 calculating the offset compensation value 9(t). 7
- As to processing for updating the frequency offset in the section
having the reference signal in the slot of the received signal, the offset
compensation value 8(t) is also sequentially updated when the weight
vector W(t) is updated from the reference signal d(t) and the received signal
30 vector X(t) by adaptive array learning.

In the section (data part) having no reference signal, the weight
vector W(t) and the frequency offset compensation value 6(t) are
sequentially updated by adaptive learning no the basis of the replica signal
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~on all synbols included in one slot. In other words, offset correction of
the received signal, array processing and of fset conpensation vaIUﬁ%fgﬁ?M@4
processing are sequentially performed every synbol. It is assuned t

val ue of the step coefficient enployed in offset updating is previously 10
set by an experinment in response to applied environment, for exanple. It

Is al so assuned that an offset conpensation value 0(1) is set to zero as
the initial value of the processing | oop. Wien applied to a PHS system for
exanple, the radio unit updates the offset conpensation value with the
reference signal d(t) stored in the 15 nenory 30 between the first and

12t h synbols formng a known signal section. For sections having no

Conal obt oAb RS BYIRY 15@5#“83%“?%{9 utig, LaTeEu the oBBLOKS |2
reference salgaalmpbrthe refferenae sipsl paint Ap rtbplerw mst}mmltpm( @f the

reference s ‘g{ﬁk 1.a!;;pdatl ng the offset conpensation 20 val ue In the
fol |l owi ng s ription; "t" denotes a variabl e expressi gga tinme such t hat

t of the offset Sahpesinabovmdessribe othq SBMA base staipon 1RP8 agcendiBe tor om a
referegce pﬂiéﬁﬁr&fenmd&neh%e%%ﬁﬁl fraf }Harﬁiﬁ’g‘ 8580 ef updand Pidtessmg

corresponding to a s re e. 25 Referrin 0 Fi when
receiving i ¥ §ha?r Xi% é’?féﬁgggb (9)‘3 qujfe 5%”5@9 ToVords, ¢ Pﬁﬁ‘i’rge?n?‘bf’gt}b%ntl ng
tﬂe Sylrrbol :]gmt@ﬁferd Slﬁnalmah'a?}’ pﬂ&dsélﬁgbn@sd&m Soﬂ;@ahsauiﬁhemumheﬁheg or not
the value of the .variable i

s det er d]& Sloﬂ)th o that
Lhe 1requenBPrTEEATEarRUEHBS PRToTRed SYFFO S EbPhe 1k B RERthaE”, ho

si gnal recetlwedalue dfhthe adpeoveficient heerbploiyed dh oﬁ%ét tipdafingqga @rleyloufsfys et
conpengati o I t e variable
compengat! Ofediy Uf ¢ %gb%nfg%.(%;ﬂfeeg?ﬁ% 60*533&1&)& IB)QH@ f()?%x%ﬁmpgg oy
jsin(i x Qi)))" Itllsmleozass@nedzb@mam&sewomm?@mﬁg unit,

and Z' represgistidmitalvhiR%E of BB corrpl ex nunber Z Then the

the Tef erence. si JHaFR apPCRds ak ﬁsrayﬁf oa&aemp\ie rad S bt
array outputhy 6ﬁhephim1pm&drpmlhhewﬁhfthe&e£e®ew§@mm A staredin( the
15 memory 30 between the first and 12* symbols forming a known signal
section. For sections having no reference signal following the 13t symbol,
the radio unit employs the signal obtained by forcibly phase-locking the
array output y(t) with a reference signal point of n/4 QPSK as the replica
signal d'(t) of the reference signal for updating the offset compensation
20 value.

In the following description, "t" denotes a variable expressing a time
such that t of the offset compensation value 0(t) expresses an elapsed time
from a reference point of time, for example, for expressing a quantity
corresponding to a symbol number, for example.

25 Referring to Fig. 3, when receiving is started (step $100), the value of
a variable i for counting the symbol number is initialized to 1 (step S102).

Then, whether or not the value of the variable i exceeds 12 is
determined (step S104), so that the frequency offset correction part 6
corrects the vector X(@) of the signal received in the antenna on the basis of

30 the frequency offset compensation value 8(i) according to the following
equation if the variable i is not more than 12:
X'(@) = X(@)eixQWx
= X(i) x {cos( x Q@A) + jsin{i x QD))"
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_of the received signal (step S 108). On the other hand, the adder 80, the
conpl ex conjugate processing part 60, the nultiplier 90 and the Ofﬂﬁnglek
extraction part 100 perform processing corresponding to the foll ow
operations fromthe reference 10 signal d(i) output fromthe smntchlng
circuit 50 and the error signal e(i) output fromthe adder 70, thereby
calculating the frequency offset value: e(i) =d(i) -- y(i) A6 = 1Inf(d(i)

- e(i)) xd(i)] I'n the above equation, Inf--] represents the inmagi nary

part of [ -]. 15 On the basis of the frequency offset value obtained in
the aforenentioned manner, the step coefficient holding part 120, the
multiplier 110 and the offset conpensation val ue cal cul ation part 130

erform pr f. n val ue on
Phe basi o GFERRLS FeriBhett8 o inf .%ﬁvPhﬁtﬁ%ﬁ@?’(ﬁﬁe}%‘l&%ﬁ@@@ﬁiéﬁ(.) £ X AO
When the pr&easgatepia carnplextrapnben0 i s ended, the value of the variable
| i's increment edrapd, dey BeRe ek G0 RIIAR tﬁﬁﬁ%&&é%%%wmgﬁen t he

val ue of the var erm ne excee at .t S104, the
processi ng &t fnfw )oWbF&"sth]éﬁe epce a&maﬂﬁ (13 puppudy Qm dziﬁrf?fbangﬁby of f set
correchi on padgptibe aeFdveRitput ) BbEaeAffrddhehe %ﬁ@é#&ﬁnﬁéﬂéﬁﬂed WeREd X' (K( 1)

and gener at t he recwed g,Lﬁ‘XE?-)ctor X (1) S|mlarlytothe step S
106. Then, ﬁg‘p\/\ﬁcﬁm" %ﬁ‘}ldﬁgﬁp rcuit 10 updates the wei ght vector

Wi) on the basi Onothet dtheehand, Higadderf,)thebaipied ciyjuigihee poetessing from
the 30 ad t t d 4 th i
Signal d a?“tbé‘““%%%ﬁ'ﬁgﬁﬁ%&a%ﬁt R RS} LA pat S‘%%% 4R (otep s

114). Then prmsxsmrngmas tﬂkﬁh&gﬁo mgpmtpmst om thet yefiexeniche replica
si gnaljgd’ (i Eﬁﬁﬁﬁmf pretel) Akigy out put
-15 0 g SEP}S ?%%@?ﬁyﬂm%ﬂi‘%%tw nﬁﬁg??gﬁfdth&w g%\(%\é?]he ewder 70
out put s theo'éFI-?‘btr r(| Q?bb’l‘f@l‘ﬁ&é@g eafrwmcw by

mul tiplying a reggbt:dxi)_ yll ng a signal obtained by inverti ng the si gn of
the signal e' (i) tZﬁ bgnal d (i) in the adder 80 by the
signal d' (i) out Pf“ (]t) ]ex conjugate processing part 60 in the

multiplier 90, the th‘éfafbetve equatlon Im[---] represents the imaginary part of [--].

15 On the basis of the frequency offset value obtained in the
aforementioned manner, the step coefficient holding part 120, the
multiplier 110 and the offset compensation value calculation part 130
perform processing for updating the frequency offset compensation value on
the basis of the following equation (step S110):

20 B+ 1)=06Q)+ 1 x AB

When the processing at the step S110 is ended, the value of the
variable i is incremented and the processing returns to the step S104.

When the value of the variable i is determined as exceeding 12 at the
step S104, the processing shifts to a step S112. At the step S112, the

25 frequency offset correction part 6 corrects the phase of the received signal
vector X(i) and generates the received signal vector X' (1) surularly to the
step S106.

Then, the weight calculation circuit 10 updates the weight vector
W(i) on the basis of the error signal e@i) obtained by the addex 70 from the

30 adaptive array output y(t) output from the adder 14 and the replica signal
d'(1) obtained by forcibly phase-locking the signal y(i) (step S114).

Then, the forced phase-locking brocessing part 20 outputs the replica
signal d'(1) generated by forcibly phase-locking the adaptive array output
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extraction part 100 cal cul ates the frequency offset A0 on the basis of the
follow ng equations: e (i) =d (i) - y(i) 60 =1Inf(d (i) - e (i)) d' E')&
10 On the basis of the frequency offset quantity AO, the offset 07 SEP 2004
conpensati on val ue cal cul ation part 130 updates the offset conpensation
gquantity according to the foll ow ng equation, for storing the updated

of fset conpensation quantity in the nenory 140 and supplying the sane to
the frequency offset correction part 6: 15 6(i+ 1)=0(i)+~1 xAO0 Then,

whet her or not the variable i is larger than the nunber (e.g., 120) of all
synbols is determ ned (step 5118) so that the processing returns to the
step 5112 if the variable i is not nore than the nunber of all synbols

whil e the pr Si hifts to a.ste 120 th iable i.is in excess
of the 50 KOnGRowM Y SwrbBELiToRHe. 4 Hbthe hafer 70 QU HEFTET val ue i s
% eservedfl l@}gtrm e'(ﬁ)rmr% tHélBaél@rofjtatr@smlmloht@hed&iwmtﬂﬁp]tf yiegsuhsatusht frane.
us, it fo that the . initia e offset..co nsatlon
quantity fof 8 pined by Vegtl ttﬁég %P#ﬁt& @?ta'g 1(% € 25 0(1)
(val ue of réphea Signal dl(@anrthegddenh&0hyodessgngl 44l tnrlput;lﬁcnmrthe ended by
the af gr enme R of the
recei vg{j si @Bﬁﬁ%l?)gc% rr%éﬁe:g%&g#ﬁ%%%r%a ?%%]ft{ﬁg#e |one proceSS| ng,
wher eby the etcbztﬁc@oumartewmQaiqtﬂgtetsrtbeioecammqf&emeagnt,ham agisgf tha stable
receiving chgi@eiey é?&éﬁoms [ Second Enmbodinment] Fig. 4 is a schematic bl ock
diagramfor il Iustr structure of an SDVA base station 1200

accordingtoas H}rent of the -16 0 2 S E P 2004 present
i nvention, in comgaqm[m(ﬂt Iér(g) xJd"ghpwi ng the first enbodiment. The

sLructife of the TSRS 815k el k20 UeRA AL SRRy 0 T BREG oo e
to the firstcosnimdiatentvalne mbh:uim¢mwtglaibhpdate£thﬁﬁmmmmeaﬁbat i on
1200 furt herq\fa%ﬁ; 5&%r&n§%ﬂg lf@lﬁ«.j)%ge&{ﬁtion, for storing the updated offset
compensation quantity in the memory 140 and supplying the same to the
frequency offset correction part 6:
15 0+ 1) =06(G) + u x AB
Then, whether or not the variable i is larger than the number (e.g.,
120) of all symbols is determined (step S118) so that the processing returns
to the step S112 if the variable i is not more than the number of all symbols
while the processing shifts to a step S120 if the variable i is in excess of the
20 number of all symbols.
- Then, the final frequency offset value is preserved in the memory
140 for the initial value of the subsequent frame. Thus, it folows that the
mitial value 6(1) of the offset compensation quantity for the subsequent
frame is set as follows (step S120):
25 8(1) = (value of 8 in final learning)
The processing for one slot is ended by the aforementioned
processing (step S122).
The frequency offset of the received signal is compensated for due to
the aforementioned processing, whereby the radio unit employing the
30 adaptive array can attain a stable receiving characteristic.
[Second Embodiment]
Fig. 4 is a schematic block diagram for illustrating the structure of
an SDMA base station 1200 according to a second embodiment of the
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data check part 210 detecting whether or not decoded data includes
receiving errors in response to an output froma differential decodDQ%Ep%@4
_processing part 200 (not shown in Fig. 1) perform ng code processing on the
‘basis of an output froma forced phase-I|ocking processing part 20, an error
10 condition .determ nation processing part 220 responsively determ ning an
.error condition when a result of error detection is supplied fromthe
denodul ati on error data check part and a nmenory 230 for storing the nunber
T of times of such error determnations. In the SDVA base station 1200,
further, a step coefficient control 15 part 122 is provided in place of
the step coefficient holding part 120, for changing a step coefficient

enpl oyed for obtaining an offset conpensation value in response to the
nunber T of error tines supplied fromthe error condition determ nation

[ t .22 n_th | . f ' td-on. 3 “(t) ="'(0
R T wiher op el FR Yol 28 <Ry Wil i R AMERON PO B gncl ), T )
referred to as Thectgethrd ofdef DM Lhese Fatidnet200 pogordeps b et secaRdi ni ti al
val ue. AcCp it I\EHALOLORRAL PONGESLEHGE WO STA Naldiatlol D BLED 25
ualTy reduced as a |

coefficient . X 1S grad ) rning section progresses. A
true frequepesydotg bethehrsiereeediment 1o ABnSEIQWNE RASHE. time, and hence it

i fo cogcei Yabl eh_ f tSJtaI\mbu@e 91%(&91200)?&% @tﬁﬁﬁ%e% 8 de@ﬁl@tiﬁl@ﬁionfrl}eﬁo{[ It he
of fset value shjfts to a conver.gence stage. Wen rge efror abruptly
appear s duga%ché‘ﬂﬁﬁaﬁrm&ng%tﬁ gy Etgér 8’6PP%¢§EC cﬁ?ﬁ][&l"%em&hcge@t val ue
recedes fregdihmg éﬂi@rs}lﬂi t&g@ﬂsé t&aﬂ@&ﬁmtﬁrotbe differertialfddcedmrg ng sim | ar
. to that heretofore per is carri . - ows

that the offS8EFSSIRH E@rtrﬁ?g@oﬁsﬁgﬁgfﬂnoﬁlg\mgrﬁe{fogﬁlﬁ%Q_gé\% ﬁ?‘?ﬁgtﬁ%} 061 ffﬂn | uence
by di st ur banasks of at betpiitkeom! = foxaéd phasoincingg precessingrpag 20, S0ERIPOP004 As
her eipab OV%OH%A ?g&rnﬁﬁgﬁ%xrp%ﬁc&%ﬂ%%%ﬁ@%%&b@h%ﬁﬁﬁet&iﬁﬁﬁ%hﬁg part

e ot ‘the ca

220 determ nes ‘her or n error |s based gtn brupt  noi se or
the like wierror eqndifiae avhen g resaltof sgramidatentionts swplediErom ther epy

reduci ng t Nensb @R a&Ra\drrei @8fa WHcRIpArS 2@ dpdai ey 30 forf storinpethef f set 5
compensation VAl uh &8s SPOSLIEH A%t O3hinkBRaQ! f 56t value has entered a
In the SDMA base station 1200, further, a step coefficient control
15 part 122 is provided in place of the step coefficient holding part 120, for
changing a step coefficient employed for obtaining an offset compensation
value in response to the number T of exror times supplied from the error
condition determination processing part 220 on the basis of the following
equation:
20 L() = '(0) x AT
whexre A represents a constant satisfying 0 <A <1, and is hereinafter
referred to as a forgetful coefficient. Further, p'(0) represents an initial
value.
According to the aforementioned structure, the value of the step
25 coefficient p is gradually reduced as a learning section progresses.

A true frequency offset value does not change in a short time, and
hence it is conceivable that a value correct to some extent is required when
the offset value shifts to a convergence stage. '

When a large error abruptly appears due to noise or an error, it

30 follows that the offset value recedes from the true value on the basis of the
error if learning similar to that heretofore performed is carried out. In
other words, it follows that the offset value makes transition with a swing
width due to influence by disturbance or the like also after convergence.
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convergence stage. Thus, it is possible to prevent the offset conpensation
value fromremarkably fluctuating by an error resulting from abrupt @?i%$2m4
or the like for nore correctly estimating the offset value. Fig. 5 i é
flow chart for illustrating operations of the SDVA base 10 station 1200
according to the second enbodi rent shown in Fig. 4, in contrast with Fig.
3. Referring to Fig. 5, when receiving processing is started (step S 100),
the value of a variable i for counting a synbol nunber is initialized to |
(step S 102). 15 Then, whether or not the value of the variable i is in
excess of 12 is determned (step S 104), so that a frequency offset
correction part 6 corrects a vector X(i) of a signal received in an
antenna on the basis of guency offset conpensation value 8(i) if the
variable i is no%sﬁﬁﬁéut %@S?% & theprepr co %eUgnW@@@wp cal cul at or

é?- ;:al c t(J| at emmdmg@ﬂ@t@ﬂ&idt@trﬁﬁtes\wmwer oYok the cAused é‘ﬁ%!’r@@ﬁﬁs@d gnal
I ) outpu

d t obt d
from an of f SBFSELARisAOS tha iretaty Sararafe S edimat witiol pethe idsog) "°n
t he ot her haherebyrredadibrg S, stap cosfificentornjichgataa wdm%dtb fonthe offSet60, a

mul ti plg er %gm?ﬁgts%ﬁoﬁ a?l?é aﬁé} E&fstt& n%%ﬁ%’c #00 Eé’tfxp me%rg %%glleqpsll di)

correspondl ng pera rom e rereren Sl gna
out put fr omcanseRgephe stpgs rc’Itants B‘.osawambfce tr pravesit ghaloffs¢l goropemsatidn om t he

dd hey.
go 8% ZO| :’r{ ( d(\fl%/ ﬁ%% ‘E%@Ekﬂﬂg tﬁéﬁﬂg%ﬁ% gflg)?/g%sx\[lgia ﬁ{ f\%uptdx}dﬂ;e y(i)

represents tod rn}oryﬂd-‘rot‘rftﬁ [esf;nna@gfch@oﬂ"ggt §a]<Slf9 the frequency of f set
val ue obtai ned i gy hsts afﬂtfveaemlﬂmﬂﬂlm@eﬁ op@rSh&Ps 6pﬁi°e‘°$91‘£ﬂtba@@| di ng

Vel ue 101 curshe plggﬁta pacipE fr b wﬁ%@e o v HUpHRALR Re{Bab 1 squency

of f set conpepsastdstrwivhifig 2in the Dbasis of the f ol  owi ng equations (step S
109): " (i) =1t ( Oﬁeférfﬁg% %(.é g' va'})lerf rgc(ewm-& pr(olcess)fné‘?s started (step S100),

the value of a variable i for counting a symbol number is initialized to 1

(step S102).

15 Then, whether or not the value of the variable 1 1s in excess of 12 1s
determined (step $104), so that a frequency offset correction part 6 corrects
a vector X@) of a signal received in an antenna on the basis of a frequency
offset compensation value 8() if the variable 1 is not more than 12 (step
S1086).

20 Then, a weight calculator 10 calculates and updates a weight vector
W) with a reference signal d(i) output from an adder 70 and an adaptive
array output y(t) obtained from an offset-compensated received signal
vector X'(1) (step S108).

On the other hand, an adder 80, a complex conjugate processing part

25 60, a multiplier 90 and an offset extraction part 100 perform processing
corresponding to the following operations from the reference signal d()
output from a switching circuit 50 and an error signal e(i) output from the
adder 70 thereby calculating the frequency offset value:

e(d) = d@) -y

30 A8 =Im[(d{) — e®) x d"@)]

In the above equation, Im[--] represents the imaginary part of [---].
On the basis of the frequency offset value ocbtained in the
aforementioned manner, a step coefficient holding part 120, a multiplier
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When the processing at the step S109 is ended, the value of the variable |
is incremented and the processing returns to the step S104. . Wen t@gsgpzm4
value of the variable j is determ ned as exceeding 12 at the step S104

" the processing shifts to a step S112. At the step S 112, the 10 frequency

of fset correction part 6 corrects the phase of the received signal vector
X(i) simlarly to the step S 106, for generating a received signal vector

X (i). Then, the weight calculation circuit 10 updates t-he wei ght vector
Wi) on the basis of the error signal e(i) obtained by the adder 70 on the
15 basis of the adaptive array output y(t) output fromthe adder 14 and a
replica signal d (i) obtained by forcibly phase-locking the signal y(i)

(step S11 Then forced phase-| ocki r SSi t puts the
Fopl fca sigRagan ofissLRangeBRAG p 8IS R BERERS IR ARIAFRIA D 1L, Ve
ar'[ayt out pwiro@sir(g 15ort1|kpdatgmgl _iahesfwiemémqygof&atm:npe%@,amrn?valgte oacidhesr y 70
out puts anigrLfolr Si . i) e of a result obtaine
mul tiplyi né)%g{s_réefs'ue?agfm%[g%i(?ﬂgag@%!t%%?qgg?ai ned by inverting the sign of
Ejh(e 35| gnfll te' ]gl )u@};?luﬂﬂéw?fpl ica si gnfll d (i) in the afldg{) 80 by aI f! glnal

i utput fr -C - Aj ugat e processing par ina nmultiplier
90, tr?g of f set ?)gra tig@)pm))g%' 00 cal cul aé a frﬁq&e cy ffs?’tth P
‘quantity AO on tWheBddieproresses pbthofieRy eq g@? dhENCE (ﬁ‘) YL e ()
ant 1 Ty A0 e o e our ot o patr 130
_ , fu , . ! i on. ul ati an
updat es the offs%e&ﬁ]i‘ﬁe‘f?g&?iogﬁhe&aﬁﬁ G AL BTN ?BGE‘FF@%FBEIqé\/ﬁ‘%%e
equa]tipns Ismépﬁl@mi,P]ga?ﬁ@:e?éfr%@bﬁt@@ﬁ??‘ueﬁﬂld@.qum 1 step S H 2reher y 1?(25§md
suppl yi ng the sane e_freguency .of fs . ;
"16P0,"S B oifiariBrid MR 6ok Ahs SREDBEL O aREscel bl iERaR
whet her or vestot K&) semilablyetoi thesstem 5366, forgrenehatingrebracefvedgsignall 20) of al |

synbols is ‘%%rtﬁrgi@ed (step S 118) so that the processing returns 5 to the
Tt eT

step S112 i riable i .is not nore. than the nunber of all synbols
P ‘ hen, the weight calculation circuft 16 updates ﬁme weight vector

W(@) on the basis of the error signal e(i) obtained by the adder 70 on the
15 basis of the adaptive array output y(t) output from the adder 14 and a
replica signal d'(i) obtained by forcibly phase-locking the signal y(@i) (step
S114). _ ,
Then, a forced phase-locking processing part outputs the replica
signal d'(i) generated by forcibly phase-locking the adaptive array output
20 y(@i) through a switching circuit 50, and the adder 70 outputs an error signal
e'Q). On the basis of a result obtained multiplying a result of adding a
signal obtained by inverting the sign of the signal e'(i) and the replica
signal d'G) in the adder 80 by a signal d"(i) output from the complex
conjugate processing part 60 in a multiplier 90, the offset extraction part
25 100 calculates a frequency offset quantity A9 on the basis of the following
equations:
e'(l) = d'@) -y®
A8 =Tm[(dG) - e@)) x d°()]
On the basis of the frequency offset quantity A8, further, th offset
30 compensation calculation part 130 updates the offset compensation
quantity according to the following equations for storing the offset
compensation quantity in 2 memory 140 and supplying the same to the
frequency offset correction part 6 (step S115):
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whil e the processing shifts to a step S 119 if the variable i is in excess
of the nunber of all synbols. A nunber T of frames having no continq8$§ 2004
receiving errors is set to zero if denodul ated data includes a receiVi
error, while the nunber T of 10 franes having no continuous receiVing
errors is incremented by 1 and stored in a nenory 230 if there is no
receiving error (step S 119) _ Then, the final frequency offset value is
preserved in the menory 140 for the initial value of the subsequent frane.
Thus, it follows that the initial value 0(1) of the offset conpensation
quantity for the subsequent 15 frane is set as follows (step S 120): 0(1) =
(value of 0 in final learning) Processing for one slot is ended by the

af orenenti oned prgﬁessugﬁggfstep S 122). The frequency offset of the

recei ved signal ts¥co ted for by 20 perform ng the aforenentioned

processi ng, wher 84y &) &) o W) ¥ Anpl oyi ng an adaptive array can attain a

stabl e receivin r ji.Ssti.c. rther; freguencw offsat antity can
be nore st abl% gg%%%é%g%ﬁé% (%IOI?OtVEﬁ? GG ahtl)%i Eselaurﬁf"’?%}b Bi}ng%%‘r%tg"extgr nal
f I uct uat i on12Uxsf akd spmiblokbsiisaletensninzd (staprSi18yosti thatahe procdssBegvetuirns

Enbodi ment ] ¢4 phé BepSSEONg tﬁﬁ'%ﬁia'ﬁ%‘i is AStEmYAd H?ax?éhé Hﬁn?ﬁe‘%%ﬁ?léé%ﬁb&”t - 1

is gradually . quced as the learnlngﬁfectlpn progresses. e_val ue
of the st eﬂ"l}b‘iﬁs? § POsASSipE shbniped stap B hid Hadiesvagtahlpa isimeeeess of ghef r anes
al | owi ng no naehlest 4fadll SymBEI_t | nuous receiving errors after receiving is 30
started, it is also ssb?%g?to reduce the vglue of the step coefficient
in response to A‘nﬁ“ﬁ}(h’fﬁ 0 a@ﬁﬁﬁl&‘@memﬁ RYOUS RECAVIRECTRELI & §Cer ror s
or the nunizero ffdehddflatededatarianhalesrd rovrgivifig reeem, whilp tHeonumbardl ef
[ Seco Modigf. | LQD: 899? Lenk L. -g- P 3 is al so
possigﬁé tof%%??%kﬁg%ﬁg%eg es Jﬁg¥ﬁ%ﬁﬂ§?%%£§§gﬁ D%Fge t%%% 41%%da first
frame for stsionediy a oesharyrRpOdd thexe ksinmgrasebpogeradistapBEd®).on  processing
whi | e perform ng MR.PiRE E93h B qREnt P ofNOSEANGAS phEAHEd iNR bffFei ving
error takes plgfe, offset e tiq Pdﬁoﬁg perft rngﬁ a a?n: ? %ﬁ??dﬁp
Modi fi cati ont4%k oséggw%@&q&aﬁe subsequent frame. us, it follows that the
1nitial value 6(1) of the offset compensation quantity for the subsequent
15 frame is set as follows (step S120):
8(1) = (value of 0 in final learning)
Processing for one slot 1s ended by the aforementioned processing
(step S122).
The frequency offset of the received signal is compensated for by
20 performing the aforementioned processing, whereby a radio unit employing
an adaptive array can attain a stable receiving characteristic.
Further, the frequency offset quantity can be more stably
compensated for without being influenced by abrupt external fluctuation,
as described above.
25 [First Modification of Second Embodiment]
In the second embodiment, the value of the step coefficient p is
gradually reduced as the learning section progresses. While the value of
the step coefficient i changes on the basis of the number T of frames
allowing no detection of continuous receiving errors after receiving is
30 started, it is also possible to reduce the value of the step coefficient p in
response to the number of symbols having no continuous receiving errors or
the number of all frames from starting of receiving, for example.
[Second Modification of Second Embodiment)
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Alternatively, it is also possible not to perform offset conpensation
quantity update processing every frame but to performthe processi nw f
every 10 franes, for exanple. [Fourth Modification of Second Enbodi §F’12ﬂﬂ4
Further, it is also possible to performprocessing of returning the step
coefficient '(t) or the offset conpensation quantity O(t) to the initial
val ue when an error takes place. The conpensati on processing for the
of fset value is quickly conpleted by returning the offset update val ue
(the value of the step 15 coefficient ) to the initial nunerical value (or
gradually increasing the value of the step coefficient '(t)) when a
certain condition holds while performng the aforenentioned offset
conpensati on progessing. Th for ntioned certain condi.tion di.cat es
such a case tha;)fi lﬁf’#st?%%osls’é’i%g‘bpg’ggg% eﬁﬁﬁ%wo&ﬁociﬁ%ﬂgrﬁi SulYn orror
rati o of atinl ®ésst frathefdr Yarsingeteecivinly daringnsierieserch caum daivacion
activation . e e X le. VWien the valhue T isc.set fo he
nunber of iR ile pEouE R BractiRe IFip i an et 3fles’ cIThAR
embodi ment , a réeiviaiguerrdr tadkesipdace, ofiset estimatienrisperfkesedrdgse, and hence it
follo t hat t hepst: ' to the initial value
e MAERLIEGERE Secabd BihdBith

'(0). [Fifth Modification of I rther, the m ni num val ue
of the step coeffltereatively)itdsalse ressitde ngt &9 perform effset compensatighue of

the step co@iﬁﬁjtgeﬂbda{etﬁmhéss%ges&wﬁhméwyﬁﬁgerfoﬁﬁ tHR$2bieRin ofdee
of f set conpensat OEr val ugq itself, loses the effect. Therefore, the m ninmm
val ue of th&"¥ 349S: LFH@R) s previously set. For exanple, a

possi bility of | [Iavrthdodi€catizn mliBetard Ehebodimdant] T to 1000 or the like is
conceiygabl e. -21 : 004 ' . ) Y 5’% of the
step égef ficient FB( &)&r glgé 0 %%gsiﬂg%gigfﬁ%%%%g%%%gf?g rﬂr%cc_ru ra ;ﬁ%rggea\lR.
Of f set val ueoesBmeait$&t) onthemféses campensation ivantity A(hdodhpdditraditalue s
enabl ed duewhent g eRAfRiGEENpifREd structure. 5 [Third Enbodi ment]
The compensation processing for the offset value is quickly
completed by returning the offset update value (the value of the step
15 coefficient ) to the initial numerical value (or gradually increasing the
value of the step coefficient p'(t)) when a certain condition holds while
performing the aforementioned offset compensation processing.

The aforementioned certain condition indicates such a case that

errors take place continuously over 100'frames, an error ratio of at least
20 20 % is detected, or intexference avoidance activation takes place, for
example.

When the value T is set for the number of frames having no
continuous receiving errors in the second embodiment, the value T reaches
zero if an error takes place, and hence it follows that the step coefficient

25 p'(t) returns to the initial value p'(0).

[Fifth Modification of Second Embodiment)]

Further, the minimum value of the step coefficient p(t) can also be
previously set.

If the value of the step coefficient p'(t) is excessively reduced,

30 updating of the offset compensation value itself loses the effect.

Therefore, the minimum value of the step coefficient p'(t) 1s
previously set. For example, a possibility of limiting the maximum for the
value T to 1000 or the like is conceivable.
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Fig. 6 is a schematic block diagramfor illustrating the structure of an
.SDVA base station 1400 according to a third enbodi nent of the present

i nvention. The structure shown in Fig. 6 is different fromthe strucldrsPollé
the 10 SDVA base station 1000 according to the first enbodi nent shown in
Fig. 1 in a point that a step coefficient control part 124 controlled by a
timng control part 40 is provided in place of the step coefficient

hol di ng part 120. The renmining structure of the SDVA base station 1400 is
simlar to the structure of the SDVA base station 1000 according to the
first 15 enbodi nent shown in Fig. 1, and hence common parts are denoted by
the sane reference nunerals, and redundant description is not repeated.

The step coeffi ciRlasealolithal B mhAfpaft SalddftBlbitep odfitteal ﬁ@g{sfiﬁieent

"(t) to zero in g section having a reference_signal, e set
sane to a pPseR thebagalofiereraton asuraehomeNhg a reference signal. 20 The

above processi NgOffePFRIRY HRthdridativhSnba 1AM h L BRANN e Albbdinkd:Y St age
(initial synbol arr.ay Iearnleg?ﬂ,tathere Is a possibility that a

0 t age) of
wei ght vect bt €7k B&%“Pr@ﬁhﬁ%e&#ﬂn@ ¥¢t¥®ecircuit 10 is not converged
to a carrect val {FhirBEhbodinea§, an error between the reference signal
and an array output exhibiits a.l alue, .and, it follows 25 that an
of fset value is ?ué%a"f}?a%ﬁﬁ}‘%%‘é\? %%E@rvﬁa%{f’éﬁ for ﬂ%‘hﬁé&?ﬂ%&? ﬁé‘\ﬁ%‘f‘rg‘an?favector
i s not convengedDMAdbase station péd6 abidrding tchathird émbadibférdudfttheo preci sely

determ ne the.offigabey@byie. In order to nore precisely estimte the offset
val ue, therefore updating of the offset value is stopped in a stage where

| earni ng (wei ght Thecstrustuse shownnpHigoh 1 differept fxam dhe sirucsurmef thenver ged.
Fig. 70 s aSDMA kaardtatieh 1000ukbAlihBdoRETREL ERboAimERESIEWA iRaBg. 1

shown 1 n i db aPqiat Ehat  sioh creERAcRt coriael Bartord sntrted by atietHES B p
2004 embodi wentros pavedd is prayidel axphive ofthe stdp efdffelent hobdingaidreri20al ue is
"el uding the refdroegtete PRt B LRGN PH) S ARG SR 1)
12, and heitbe sprustersofighecTPMA paselstagiaro 1900@ ascardiig! tothesfiosti t t ed, and
hence fx r edgndadtinies GhbRh ANFieS 1N2hd HRR88Fmon parts are denoted by the
same reference numerals, and redundant description is not repeated.
The step coefficient control part 124 sets the value of a step
coefficient p'(t) to zero in a section having a reference signal, while setting
the same to a prescribed value p in a section having a reference signal.
20 The above processing is performed for the following reason:
In an initial stage (initial symbol stage) of array learning, there is a
possibility that a weight vector output from a weight calculation circuit 10
is not converged to a correct value. In this case, an error between the
reference signal and an array output exhibits a large value, and it follows
25 that an offset value is remarkably updated.
In such a stage that the weight vector is not converged, there isa
possibility that it is difficult to precisely determine the offset value.
In order to more precisely estimate the offset value, therefore,
updating of the offset value is stopped in a stage where learning (weight
30 value or error) of an adaptive array is not converged.
Fig. 71s a flow chart for illustrating operations of the SDMA base
station according to the third embodiment shown in Fig. 6.
The processing shown in Fig. 7 is similar to the processing of the first
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According to such processing, it is possible to precisely determ ne the

of fset value for perform ng stable offset conpensation processing. [Fourth
" Enbodi ment] Fig. 8 is a schematic block diagramfor illustrating th 2 SEP 2004
".structure of 10 an SDMAbase station 1600 according to a fourth enbodi ment
of the present invention. The structure shown in Fig. 8 is different from
the structure of the SDVA base station 1000 according to the first

“enbodi nent shown in Fig. 1 in the following point: 15 Referring to Fig. 8,
t he SDVA base station 1600 according to the fourth enbodi nent is provided
Wi th an array processing convergence determ nation part 160 determ ning
whet her or not array processing is converged on the basis of an error
signal e(t) output froman adder 70 and a step coefficient control part
126 controlled on the basis of the result of 20 determ nation of the array
processi ng convergence determ nation part 16Q for chan |ng the vaIue of a
step coef fambediment shown pr Hep Dexaehs thatkpn ofiget eommpensa php 15412 120.

The remai ”ﬁoé‘@?t%tdr Megxo@fwﬁé}?a§%igg%%xﬁf}ﬁ£éQ'i'e@e@QQibl%n%!l@“(ﬂ har to the

structure ase station . and _henc

conmon parinshadia gddectederebye sigaaddne, Wailsraeea a’ﬂ°§ m‘é‘i?dtbraéh&ﬁdant
descri pt {g?at CBRL gE8RRSEEtkorThG AU ROBIY B TP Rke DA B hanges

t he val ue f.iclent on the basis of the follow ng
equat$ on: rqduyn HT(@SC%DP@ﬂlﬁ D@(Cir?m?%te 0 where a represents a constant

- hunber, and henﬁ@céﬁ&lg% b‘@ch’)br@ésghgsﬁtls popsidletsperibel s deperamerfefthei ent )

S reduced an .err ar t.he offs eed is
i ncreased PHF %V%l?lte&f’r Pglsfgﬁﬁ‘P?g st@l\gge ogs?t COR TR Oﬁgﬁ%%%%lﬁgl | ustrating
operations of tfBoSiEnbedim@B])0 2 S E P 2004 station 1600 according to

the fourth enbo hdtuFke9f 9 is
simlar to the %‘@ ess?%%hﬂﬁ (?:k zﬁag;l-g&‘ﬁ ﬂ%?ﬁ@&?hﬂﬁg%ﬁ@vﬁr dture

I'rst (% r{gnt wn in fF . 3 except
t hat 10he sespolobbdbiase shit %Aﬁ%aa@qrﬂglg’é%e BRE QD A quantity is
changed i nptb&-rafigvenaghi oned manner 5 in a step 5111 corresponding to the

step S110 and a 'ﬁlt egtructure shown in Fig. 8 is different from the structure of the
SDMA base station 1000 according to the first embodiment shown in Fig. 1
in the following point: '

15 Referring to Fig. 8, the SDMA base station 1600 according to the
fourth embodiment is provided with an array processing convergence
determination part 160 determining whether or not array processing is
converged on the basis of an error signal e(t) output from an adder 70 and a
step coefficient control part 126 controlled on the basis of the result of

20 determination of the array processing convergence determination part 160
for changing the value of a step coefficient p'(t) in place of the step
coefficient holding part 120.

The remaining structure of the SDMA base station 1600 is sn:mla:f to
the structure of the SDMA base station 1000 shown in'Fig. 1, and hence

25 common parts are denoted by the same reference numerals, and redundant
description is not xrepeated.

The step coefficient control part 126 changes the value of the step
coefficient p'(t) on the basis of the following equation:
pE) = (o) x (@] e® )

30 where a represents a constant number, and hence the value of an offset
update speed (step coefficient) is reduced if an error is 1arge while the
offset update speed is increased i the error is small.

Fig. 9 is a flow chart for illustrating operations of the SDMA base
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corresponding to the step 5116, and hence redundant description I S not
repeated. As a nethod of changing the step coefficient "(t), changeg@qﬁ@qmu
on the follow ng equation is also conceivable: 10 .'(t)="(0)x(al]j
le(i)j ) According to the aforenentioned processing, updating of the of f set
conpensation value is suppressed in a period when a weight vector is not
converged to a correct value in an initial stage of array |earning or the
like and it is possible to reduce the time up to convergence of the offset
val ue. 15 When an error e(i) is larger than a constant value and it is
estinated that precision of a weight is excellent, the step coefficient
"(t) is not renarkably changed but limted to a constant val ue.

Modi f f h | bl |
o fset updstBtopdeatArorinpae Er et shaRiRer SHOBR 1 B8 Vi ng reoponse
vect or val ue i n Bhe pyodessingishgwnlim Emgh@rlsvmnﬂar tmt}m:pmeagngfofcthlecﬁltsati ng
transition érﬁBB&%%ﬁé Mowry' &l Ff@ fglrj \Qﬁ?ﬂma{tetg‘é's‘éé Qoéﬁéﬁ%'tﬁ \5§8| thn 'n a

precedent frane an curren rocessi ng easi ng
the of fset hsoeffsetspmagnsation iquantityts ¢hanﬁ sa the aforementiened meanmeind, t he

of f set gupdafe }eﬁuﬁﬁ S lg1ql7n ot her words
the of fset va?%e |gn§8at eg on tgtbih%?ﬁ;ep\e@iyﬁah&fagl{?%vﬁ ng.equati on: (t) =

4'(0) x (a SOrEEsmo £ 80 Brysten s Hbe st h%ees#\aeﬁ%t desar e bePdken t he

recei ving regpRangse 30 vectors of the precedent frane and the current
frame, and O repr,esent nst ant ,coeffici .
| a Schemati o pASacT et SRR et GO hare Besei o o £
P 2004 an SthAfdilhswngtegiacionis@lscoeewentiabie:to a fifth errbodl ment of the

pr ese% I nvent hﬁgal_;l;gg?)sx Q&J@&#g'%.(ZL )the SDVA base station 1800 according

to the fifth fromthe structures:of the SDVA base
station 1000 5 Accordingip the aforementionedpootessing. sipdatingnofithe offsetn t he

fol l owi ng pebBbensation value is suppressed in a period when a weight vector is not
converged to a correct value in an initial stage of array learning or the like
and it is possible to reduce the time up to convergence of the offset value.

15 When an error e(i) is larger than a constant value and it is estimated that
precision of a weight is excellent, the step coefficient p'(t) is not remarkably
changed but limited to a constant value.

[Modification of Fourth Embodiment]
It is also possible to control an offset update speed on the basis of

20 transition of a receiving response vector value in array learning.

In other words, processing of calculating transition (correlation
value) between receiving response vectors in a precedent frame and a
current frame in update processing for increasing the offset update speed if
the value is close to 1. On the other hand, the offset update speed is

25 reduced if the value is small.

In other words, the offset value is updated on the basis of the
following equation: '

Wty = p'(0) x (3 x COR)
where COR represents the correlation value between the receiving response

30 vectors of the precedent frame and the current frame, and f represents a
constant coefficient.

[Fifth Embodiment] _
Fig. 10 is a schematic block diagram for illustrating the structure of
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The SDVA base station 1800 according to the fifth enbodinment is provided
with an array processing convergence determ nation part 160 for detﬁi%kp%
whet her or not adaptive array processing is in a convergence stage 004
response to an error signal e(t) output froman adder 70 and a step 10
coefficient control part 128 controlled by the result of determ nation of
the array processing convergence determnation part 160 and a timng
signal froma timng control part 40 for changing the value of a step
coefficient '(t) in place of the step coefficient holding part 120. The
remai ni ng structure of the SDVA base station 1800 is simlar to 15 the
structure of the SDVA base station 1000 according to the first enbodi nent
shown in Fi n par{s are ot ed y t he sane reference
numer al s, %B #%%183 {% oy@ng dp arétggeﬁné diment of the paesante of

t he SDVA basevesttatmi.on 1800 accordi ng to the fiftth enbodi nent, the step
coefficient cont 128 the follo roces I n Under
control of the t:’rﬁn ﬁe’glalgzc HES 9 %$ﬁ%ba§%ga§{°@p%@g??@5 tB‘ part

128 changes enthodiment todifferentefrom {He)strmctars ef theo 8 DM bupeastatieh cl0dice

si gnal saccor, he fourth
enbodi rr52nt aE’é %’tot t e‘?(‘fﬁcf}ﬁ‘n%ﬂ b‘%ﬂ)msﬂ‘lgl i@)%e%}]& L. | log I
e(i) I | I n a é‘@tS @43&1&31’5&911&3 %Q@‘@Edlsllggm ememlwhmafcﬁs ci ent

control palp&o‘laaadsoﬂftﬁ an&rray %;Qoé“é%@fxf éb'rx%@ige‘hc@:@et&ﬂnﬁ:{hﬁdal} {)é{'ﬂ G’@defe ( ).

According t ntloned rocessin an error sign
reduced bel g‘ﬁ*?ﬁ’&ﬁn’é’i‘ﬁ% enpxI R 4 pﬁ’{@ E’é’ééﬁf PEPLeRaAETG ltlweccr@reégemee Si gnal

vvheg alrray ptagleeriﬁeisgon&e A8 lekyorad ﬁrﬂ@Cbutpfi? mna@noid@eetnwaﬂataest%ﬁreeddl S
720 ARG cobma mat B0 ggﬁ? fied PRicp et gt 85

exceSS| vel y arpdy pr@zessiigRoa0ergence ldebesrennhaonfﬁa:etlfi()miai e thpaggsighhdn
reachi ng | ne:RG fifinRYLAG! Bt £ R DRl d gR @B A A L oerilign ! f Set

updat e speed, d S . retur val ue, const ant
val ue. ThusM }lqelape\%th%a%emv@f@rpaatbo Bargl2Qnited. 5 Fig. 11 is a

flow chart for i lMhestdn@dingy BRICAlzefTIheiSTHIEL BRS Mt RARL1800 is similar to
15 the structure of the SDMA base station 1000 according to the first
embodiment shown in Fig. 1, and hence common parts are denoted by the
same reference numerals, and redundant description is not repeated.
In the structure of the SDMA base station 1800 according to the fifth
embodiment, the step coefficient control part 128 performs the following
20 processing:
Under control of the timing control part 40, the step coefficient
control part 128 changes the step coefficient p'(t) in a section having a
reference signal according to the following equation, similarly to the fourth
embodiment: -
25 W) = w(0) x @ led@!)
(or w'(t) = w(0) x (o/|logle@| 1)
In a section having no reference signal, the step coefficient control
part 128 sets the step coefficient p'(t) to an initial value p'(t).
According to the aforementioned processing, an error signal e(i) is
30 reduced below a constant value in the section having the reference signal
when array processing is quickly converged, while an offset update speed is
gradually increased if it is estimable that array processing is converged. It
1s assumed that constant threshold limitation is provided‘not to excessively
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station 1800 according to the fifth enbodi rent shown in Fig. 10. The
processing shown in Fig. 11 is simlar to the processing according @o t he
first enmbodi nent shown in Fig. 3 except that the step coefficient f ¢ SEP 2004
updati ng an offset conpensation quantity is changed as 10 descri bed above

in a step S111 corresponding to the step S110, and hence redundant
description is not repeated. Therefore, a |larger nunber of offset updating
opportunities is supplied as conpared with the third enbodi nent, whereby
convergence is quickly made. In addition, while the offset update speed is
So excessively 15 increased that there is a possibility for divergence
overflow of the variable if errors are reduced in the fourth enbodi nent,

it is possi Ieto dvgnt ageousl oid this. It follows that offset

updat i ng |s?p 8158?@‘6 gg?te'?p‘gé}l{?é% T5‘¥oce55| ng is converged due to the

af or erregtl oned erhensem@mghEeeb?t]}a{ baeingasd tefBid iR si a]Pmeé?ddih‘aﬂ i's "

i nproved an t.he of f set .comp on value can .be quickly
per f or med. 8%@%%{ gﬁﬁgﬁetsspegdslglr%%a @ﬁ?éntlpﬁégﬁmg? ty u@oﬁ%?‘??&he%l
illustrati v@onswnatl\dalml nfhusnt follitws dsitithe ipdate $peed opmindd. t he present
inventimn is I ut b of claim
S P R S T
and range n &ig ithcl ude
02SEP2004 CLAI NS ‘the fricBlifle tsnbanqﬁrmrg 11 895ihaPEd Bt BRAR00R,! NC! uding a

plurality of antcglrlnas ag Y glmrla rocessi ng nmeans Eei vi ng

si gnal s fr oSS Qe 5P Lﬂl% yeypo Wahip E)ﬁ rFpexdend thatﬂynaﬂepf rom a

]E)r escri bed ]'Eoeefﬁmlanht foragydd tagopt bﬁ%ﬂd@eﬁa%ﬁ%%f?ﬁ%a‘n@%ﬂ%‘ ng
requeqgy o ensat i or _conpe in uency

of f set ﬂgf a Jreggé.lbsgg\%g? brhgls(gﬁgﬁﬁﬁfiﬂ?ép?% gﬁ&% sgﬁpgfliefm fisation

quantity; ofte mdquamesmptam@nommmﬂs for receiving an output of said

adaptive array prm&@&&g?m rﬂﬂﬂb&X(%defste't grqtta%fré}%’g#g@%n%%set at

prescribed tim and offset” conpensation. qu ans
updat i ng salsdi‘p@fl’feéie% copppedseithghedhind embhodmnente whereby chnvérgenesid t  of

detection byqpaakly @adset In addition, while the offset update speed is so excessively
15 increased that there is a possibility for divergence overflow of the variable
if errors are reduced in the fourth embodiment, it is possible to
advantageously avoid this.
It follows that offset updating is performed after array processing is
converged due to the aforementioned processing, whereby offset estimation
20 precision is improved and convergence of the offset compensation value can
be quickly performed.
The embodiments disclosed this time must be considered illustrative
n all points and not restrictive. The scope of the present invention is
shown not by the above description but by the scope of claim for patent, and
25 1t is intended that all modifications within the meaning and range
equivalent to the scope of claim for patent are included.




gquantity detection neans; wherein said received signal is divided into a
plurality of slots to be transmtted, each said slot includes a flrg SEP 2004
partial signal including a predeternlned reference signal, and a secg é
partial signal including transmtted data, and said offset quantity
detection nmeans includes first storage neans for hol ding said reference
signal, forced phase-locking neans forcibly synchronizing the phase of an
out put from said adaptive array processing neans with a prescribed phase,
error signal generation nmeans out put CLA§MShe di fference between the
reference signal stored in said first storage nmeans and sai d output from
sai d adaptive array processing neans in a period when said adaptive array
processi ng neans outputs said first partial signal while outputting the

di ff erence betweén @nratibputittomprisawgl forced phase-| ocking neans and said

out put from said gqﬂggyng¢§££g¥n85g%§$§¥pgpge ?&HﬁeBaggf;?d when said

adaptive array process g neans ou signal, and
of fset extracti oRdAREHNS arpry PROCEAE T e8Ab ﬂorfreeqvengwgﬁa‘lsétomnatdﬁe basi s

of the out %!hr@[z@@ﬁ@ﬁeﬁﬁé@ﬁn§'egﬁ@ct%%'?'é%a?@rcgﬁaarﬁ?res&%bgd fertnndl, 2004 2,

The radi o uni.t, according to claiml sal conpensation
quantity op&ratd e AT 3N OGBRND & Jerertidi vt wHagdrepmneyfastsest or i ng sai d

of }‘ selt tconpmmaenmtzquaﬂﬁaﬁsworabn@anshtlﬁg,foﬁa?r@@lmbaﬁfsﬁe ofTE&laSeltvecE

calcul atin e fse gonpensatj on quantity as:

626 "o Blel B b GRIRR ThubRied Mt Rt SRy O orored 0

said second storfget gramttndetectiononess f@eteivimpsandusphsef saxdt racti on

means  assumdgibhaky bel: @ taemggacerﬁpfcqmggoa{effrggtl ey Stactlft T 2di ©
o

unit according t farm 1 el'n sal set ens quantity
oper ati on rRXEHTSTY ﬁ | traag; nd storage neans for storing said offset

conpensati on quapffsétycompensation quantity operation means updating said offset
compensation quantity on the basis of the result of detection by said offset
guantity detection means; wherein

said received signal is divided into a plurality of elots 1o be
transmitted,

each said slot includes

a first partial signal including a predetermined reference signal, and

a second partial signal including transmitted data, and

said offset quantity detection means includes

first storage means for holding said reference signal,

forced phase-locking means foreibly synchronizing the phase of an
output from said adaptive array processing means with a prescribed phase,

error signal generation means outputting the difference between the
reference signal stored in said first storage means and said output from
said adaptive array processing means in a period when said adaptive array
processing means outputs said first partial signal while outputting the
difference between an output from said forced phase-locking means and
said output from said adaptive array processing roeans in a period when
sald adaptive arrey processing means outputs said second partial signal,
and

offset extraction means for extracting said frequency offset on the
basis of the output from said error signal generation means.
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at any time, and cal cul ati on nmeans cal cul ati ng an update value 0' for said
of fset conpensation quantity on the basis of the offset conpensation
quantity 6 stored in said second storage means and the output 68 fRBantai0h
of fset extraction neans while reducing the quantity changed in updating as
the wupdating progresses. 4. The radio unit according to claim3, wherein
said of fset conpensation quantity operation neans further includes error
detection neans for detecting a receiving error, and said cal cul ati on neans
cal cul ates the update value 6" for said offset conpensation quantity as=

8' =6+{ 0x), r) xA8 » ont he_hasi s..of f.f : I (i on quantity O stored
in said storage Q'mg%§§3§% ’tlﬁléc a&ﬁ%{)ﬁfq%égig%mggrg%%??set extraction neans
assuning that 2.saideffseseompensatios guialdiyposratioe reewts insdleses | ess than 1

and pO represent§&8Ag dyfia .e%e%ggslf'& Qbrihes G0k £ L 8RbenWRi b @I:UALNg t hat
T represents a val ue corresponding to tHhe nunber of updating opportunities

al | owi ng ncet aret Eene.omdf recei vi ng errors. 28 0 2 S E P 2004 5. The radio

unit accordi ng tQ)ehBitHrBme¥he81dh158hY ﬁﬁbf&'ﬂ;@t{bﬂﬁe@@&ssé&adﬂ‘&% said
of f set conpensati on, quant i every plurality of frames. E. The radio unit

t .
accordi ng tORPHTRAMON %@?B%ha%'ai d of fset conpensation quantity operation
means i ncludes second storage neang' £ er+ gtostng said of fset conpensation

guantity t_any,tiie nd.cal cul ation .neans i : val ue 0
formeni i orins AP bhET B GAR e REh el IR AR CR) S BLL L', 2R
conpensat i ciiorpemmerpsGndsther edtivt Ahirgrs exidmffest exixpetinrameaadd the out put

60 from sai ek 3RL th 8] FARebOMtsP RS MHe& oefdiege1 Ng the quantity changed
in updating in response to the magnitude of the absol ute val ue of the

output fromsaid error signal generation nmeans. 7. The radio unit
according to clagm Thewaetehnitsaicordibgsetclsiomendstren quantity operation
means I ncl udes said offset compensation guantity operation means includes
second storsge means for storing said offset compensation quantity
at any time, and

calculation means calculating an update value 6" for said offset
compensation quantity on the basis of the offset compensation quantity 6
stored in said second storage means and the output A8 from said offset
extraction means while reducing the guantity changed in updating as the

updating progresses.

4. The radio unit according to claim 3, wherein

said offset compensation quantity operation means further includes

exror detection means for detecting a receiving error, and

said calculation means calculates the update value €' for said ofiset
compensation guantity as:

8' =8+ (u0 x A7) x AB

on the basis of the offset compensation guantity 8 stored in said storage
means and the output AB of said offset extraction means assuning that &
represents a prescribed positive coefficient less than 1 and p0 represents an
initial value of the coefficient p while assuming that T represents a value

corresponding to the number of updating opportunities allowing no

detection of receiving errors,




second storage neans for storing said offset conpensation quantity at any
time, and cal cul ati on neans cal cul ati ng an update value 6' for saidU0df§Eeii)
conpensation quantity, i) on the basis of the offset conpensation quantity
O stored in said second storage nmeans and the output 60 from said offset
extraction neans while increasing the quantity changed in updating in
response to the nmagnitude of the absolute value of the output fromsaid
error signal generation neans in a period when said adaptive array
processing means outputs said first partial signal, or ii) as: 9 =0+ X in

a period when saisd auaptdde it a¥cRHOCESS ERGnEaPEe QL Put s sai d second
partial signal, ass mlgg that p represents a prescribed coefficient. 8. The

radi o unit accor 8RHYSE SHAtEEan e G ths saidioR et eromppnsagingl a4 anivyi ded
into a plurabetyphiraditob$ fiambe transmitted, 29 0 2 S E P 2004 each said
slot includes a first partial signal including a predeterm ned reference
signal, and a second partial signal including transmtted data, and said
of fset quantity @et 3ts ordigears aconidirtie so flaimel] whasén ! ocki ng neans

forcibly synchronjzj f the .. ut .from aig ive array
processing rreans_“é\nlzdt ﬁgsé%tgcﬁégsﬁ‘?}?%é’gpnpﬁ%%’é?wéﬁ?rgrhoﬁ _ﬁlﬁéps %ﬁg‘r%g%i on neans
out putting the dISW@deﬁ@éab@m@mﬁ T sburtpgisafd offs aiothfeorsednpheasdityocki ng
nmeans and theagytipdle Brgm said adaptive array processing means in a period

when said adaptive array processing peans outputs, said second partial
signal ., and o-ffég]tcu BB S ﬁé‘éﬁg‘it?frtﬁa’é abe VAR &R far sridyeiésrty of f set
on the bastsmpenbtaidonytyautithramisabgsienf ohie sifgontorgpaedaidoguaranss 9. The

radi o unit G ing:tQ.clajms8, werein saj,d offset ensation, quantity
oper ati on n%glbngash%gﬁ%égwn?eﬁ%ﬁagestn%).eraé’g“ean ta}?wesf"f‘@uecs‘%%%o 5% '%f?soe]‘tf set
conpensat i ofXigaatientpeans winle iriareasingdhe quantity changed in updating in

response to the magnitude of the absolute value of the output from said

error signal generation means.

7. The radio unit according to claim 1, wherein

said offset compensation quantity operation means includes

second storage means for storing said offset compensation guantity
at any time, and

calculation means calculating an update value 8' for said offset
compensation quantity,

U on the bzasis of the offset compensation guantity 0 stored in said
second storage means and the output AB from said offset extraction means
while increasing the quantity changed in updating in response to the
magmitude of the absoclute value of the ocutput from said error signal
generation means in a period when said adaptive array processing means
outputs said first partial signsl, or

iV as

B'=08+puxAB
in a period when said adaptive array processing means outputs said second

partial signal, assuming that | represents a prescribed coefficient.

8. The radio unit according to claim 1, wherein

said received signal is divided into a plurality of slots to be
transmitted,
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cal cul ati on neans cal cul ating an update value 0' for said offset
conpensation quantity as: 0'=0+px60 on the basis of the offset 0 P 2004
conpensation quantity O stored in said second storage neans and the %égp&P
AO from said offset extraction neans assuming that represents a

prescri bed coefficient. 30

each said slot includes

a first partial signal including a predetermined reference signal, and

a second partial signal including transmitted data, and

said offset quantity detection means includes

forced phase-locking means forcibly synchronizing the phase of the
output from said adaptive array processing means with a prescribed phase,

error signal generation means outputting the difference between an
output from said forced phase-locking means and the output from said
adaptive array processing means in a period when said adaptive array
processing means outputs said second partial signal, and

offset extraction means for extracting said frequency offset on the

bas:s of the cutput from said error signal generation means.

9. The radio unit according to claim 8, wherein

said offset compensation quantity operation means includes

second storage means for storing said offset compensation quantity
at any time, and

calculation means calculating an update value 8' for said offset
compensation quantity as:

'=08+ux A8

on the basis of the offset compensation quantity 8 stored in said second
storage means and the output AB from said offset extraction means

assuming that p represents a prescribed coefficient.




