| DESCRI PTI ON *@00002* Radio Unit 5 Technical Field The present invention
.relates to the structure of a radio unit enployed in a base station in

‘radi o communi cation through a portable tel ephone or them\m\mmm\‘mmmwe
specifically, it relates to the structure of conpensati f a
frequency offset of the radio unit in the base 10 station. «Basdeground
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
illustrate arrangenents of channels in various types oﬂﬁ%@“\ﬁ%ﬂ&n
systens, i.e., a frequency divisi oDPSCRIPTEONCcess (F tinme
division nmultiple access (TDMA) system and a 20 spatial divi $¢¥8* nul tiple
access (SDVA) system The SDVA systemis also referred to as a PDVA (path
division nultiple access) system THRaddUnitTDVA 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
fr equeiicy- diTecheitalfi¢ld radi o waves of different frequencies fl to f4 and

transmtted so thgle JA8SenSifiRARDNCIl ARS8 8B Stiudtard ofhGadfPanit ed by a
frequency fil t%&é%i nt eST_Egl\/Aist%wt em,shown in  Fi 9 %ééo% d:pgl %a:bied signal s
of respect P 1n ghaseshation i1 AetQFARMUIHERFIOR APPT A At
frequenci es teldghbie bo thé likecaidanoss spdcificaity, (it related at thesstiutivansfi tted so
fiTter and Epmeeasntns Sinial PER tifuRs gl S oaP Spdbinibin I REUREDY,
uni ts ¥ thetati@spective users. 1 On the other hand, the SDVA systemis
recently proposed in order 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(a) 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.




i rprove frequency utilization efficiency of radio waves due to
_popul ari zation of portable tel ephone sets. This SDVA systemis enpl oyed
“for spatially dividing a time slot at the same frequency and transnmtting 5
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,

ti me synchroni zati on between a base station and nobile termnal units of
the users and a mutual interference elimnator such as an adaptive array.
Fig. 13 is a schematic bl ock di agram 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
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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 Array 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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Signals input in the input ports 2020-1 to 2020-n are supplied to a weight
.vector control part 2011 and nultipliers 2012-1 to 2012-n through switchin
g.circuits 2 010 - 1 to 2 0 10 -n. 5 The weight vector control part 20 11
cal cul ates weight vectors wii to Wi wth the input signals, a training
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 ndicates that the weight vector is enployed for transm ssion/receiving
to/froman i-th user. 10 The nultipliers 2012-1 to 2012-n multiply the

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

wei ght vectors Wh to Whi respectively, and supply the results to the adder
2013. The aadgert stfiids induding atglaralitypeft usirgignasf rom the nul tipliers
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15 weight 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 part 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 input/output 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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RX1(1) = hiiSrxi(t) + hl2SrX2(t) + ni(t) ... (1) RX2(1) = h21SrXi(t) +

- h22SrX2(t) + n2(t) ... (2) RX3(1) = haiSrxi(t) + h32SrX2(t) + n3(t)
"(3) 5 RX4(1) = h4l1srX1(t) + h42SrX2(t) + n4(t) ... (4) where RX (1)
represents the signal received in the j-th 6 =1, 2, 3, 4) antenna, and
Srxi(t) represents the signal transmitted fromthe i-th (i =1, 2) user.

Further, hji represents the conplex coefficient of the signal 10
transmtted fromthe i-th user and received in the j-th antenna, and nj(t)
represents noise included in the j-th received signal. The above equations
(1) to (4) are expressed in a vector formas follows: X(t) = H Srxi(t) +
H2Sr X2(t) + ni(t) ... (5) 15 X(t) = [RXL(t), RX2(t) ..., RX (t)]T ... (6)
H = [Hi(i5]bi-’éexpresse(ilabjf6]10\(lsz =1, 2) 6; (7%8)’N(t) = :][ni(t), n2(t),
e, N(O)]T L. ln,t uat t ... ]T represents
i nversion of X( ﬁ%éﬁr%?é‘%gﬁgn“ahz%?z@l grrlléﬁ)véét(:(lf#, H represents the
coefficient 20 RI(bHr=bbiSrhetlst Portirxe@@reinedd fré8 the i-th user, and N(t)
represents a noi ec | +As@showgsy n Fig. 15, the adaptive
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array outputs the_si Sy esl ze i plying the signals received
i n thebrespecti v&%uh —hasgrxtf&)f%ezzsﬁ‘lz ffidfknts wii to wni as the
received si %?ére$€§|§(1)repIe@xﬁétnugtgefame@éive@mahémha@:i]s 2 8ud) I n order

to extract t \tped fromthe first £ar e,
under {he. aPoReRb PSR apFaRREn I Renahitipuieh alRTe A ¢ 12T ©
follows: , Apusetput signal yl(t) fromthe adaptive array 2100 can be
AT e or 5o NG el s g ) ) o
(10) 130 ot héranemitted fiom ske yhk user end regeined in theighranisans andm®hy i o 4
2,3, 4) mulbhpldents R¥idehRciudel inthdl-thi siealve®slighdl as an el ement .

The above equations (1) to (4) are expressed in a vector form as

follows:
X(t) = HiSrxi(t) + HaSrxa(t) + ni(t) ... (6)
15 X(@®) = [RX1(t), RXa(t) -+, RXu(t)]T ... (6)
Hi = [Huy, ha, -, hai]T, @ =1, 2) .. (D
N@®) = = [m(t), na(t), -, na(t)]T ... (8)

In the equations (6) to (8), [--]T represents inversion of [-].
X(t) represents an input signal vector, i 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. 15, the adaptive array outputs the signal
synthesized by multiplying the signals received in the respective antennas
by the weight coefficients wii to wai as the received signal Srx(t). The

25 number n 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 weight vector Wi

y1(t) = X{t)WiT . (9

W1 = [wi1, wai, Ws1, Wa] T ... (10)

In other words, the weight vector W1 has a weight coefficient w;i § = 1,



The i nput signal vector X(t) expressed in the equation (5) is substituted
.in the input signal vector yl(t) expressed in the equation (9) as follows:
"5.yl(t) = HIWLTSrxi (t) + HRWTSrx2(t) + N(t)WT ... (11) Wen the adaptive
array 2100 ideally operates, the weight vector control part 2011
sequentially controls the weight vector W by a known nethod to satisfy
the foll owi ng sinmultaneous equations: HIWT =1 ... (12) 10 H2ZWT =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
Ni (t) =ni(t)wit + n2(t)w2l+ ns(t)wsi + n4(t)wdl ... (15) In other words,
it follows g, matg)hhdtﬂilﬁadab%&ie(j-chinpmtaﬂgnﬁ R (t) merant élementr st user in the
two users is obtgn [N i gha I Referring.to Fig. 14, the
nput o1 gnal STt Sitale AL BB S <pRisstB e BRLGHOM BT ) P
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portabl e tel ephon is transmtted a frane 30 structure. The radio
si gnalOfrom t he BoWuhsl0 tel ephone set(lid33 roughly formed by a preanble

consisting of a wWihdAtheSgkieht vORHW!R dolifplbidly QoRetBedYodlatRey Bl data

(voice etc.) consisting a signal serjes_ u wn to ra ase
station. 5 rV@tHNg(dR) geﬁi(&),&hemépw signel B 1(tharamdhe A48pHYLIATERY | ng of
2100 is finally expressed as follows:
y1(t) = Srxa(t) + Ni(t) ... (14)

15 Ni(t) = ni(t)wir + nz2(t)wei + na(t)wsr + 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 wu, 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. '

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.



information for identifying whether or not this user is a desired user for
. maki ng comruni cation with the radio base station. The wei ght vector
“control part 2011 of the adaptive array radi o base station 1 conpares the 5
training signal corresponding to the user A fetched fromthe nenory 2014
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 PS1. 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 ssion/receiving in a portable tel ephone or the like. In the PSK
nodul ati on, syncHhesigmnaldeties ol the peedmbld imgluibdses sigmal sbiingrfegrating a
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frequepcy errors r.ef rre ue enerar resent in
osci | | &t or stramingagn i"aﬁl% qh‘?n %I‘hg r@@ﬁﬂ eWPéﬁZt%

-recei veg si githl th@re%@lv@&migﬁfﬂ?rms @l E&fbi‘t&@&ve@he vgaf@r hbﬁﬂob(c}]édiﬁon
recei ved si | i ated on the receiver side to .the,errors.
heretore. fhemetghfioctoiehflR'Sarl A MERACEintie AL AT S Bl w8, Lo
‘conpensat i r@pﬁmcdrh@ﬁondm@myhe usdsBB3. Such frequency offsets are _
gener ated not oniry eQPSRChl?)'dﬁi‘at%n Br tﬁéhﬁc@%ﬁhrgﬂ%'% Jn%ﬁh?éh&{ equency 1n

t he ari&remantsitoned thg}r;ls SSS| on ]:gy il i tﬁéﬁet error,

t enpet@t ur esystemtkase @n%mp ed|gkam a lﬁé Sryé vi ng
characte : | sipplied t@ﬁratﬁra,iﬂlysadﬁlreééwrﬁg ffla %%Qtd’d]?e felepBbhE BF /&B? mléency f
conponent renai recerver ec ue o
provi di ng the sgirbgfef E§ 5’038??&11 SFVP‘@E ﬁ?‘i‘%‘i‘ Pexfyrming e& %{OAFC) in

t he communi bpintegrstiag easigaaksnowhresows withhadanfier snEpreeedicdosignahiscarri er

frequency o I chia generally performed automatic frequency
control fun%{I§ tﬁ"ﬁyhcELI igor&tt here is the possibility that a sufficient

operalbon cannot Iibthesyrchrenoundetectiobi hdocadrasodlatar genetitbaaicompex
transm ssi ofy5apatd éRiet UyhcRFoMb A wRaD thd PR Qfhendl PP SR8 H1ated
wave. When the synchronous detection is performed, however, frequency
errors 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 IQ plane, the position of the received signal point is
rotated on the receiver side due to the errors. 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 communication
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phasi ng, burst signal transm ssion, multi-path delay distortion, common-
-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 base
station capable of allocating a conmon channel to a plurality of users in
a common cell by a spatial division nultiple access systemfor

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
si gnal frorhavipg estranbmdssien comditionvdridhead edabantinedalation, higlpspeedsi ng

part inclu st rtggg e ing for a
frequency g)?%setéo agrg?bea%fe 1%9 El%&\frde g%}ggéf%"f&sm 1 Epﬁf)él&ﬁ%ﬂfset
corrpensatl(fhe‘ljld?éﬂrﬁ:t&’l1F1$'e Wcﬁlﬁ’ét 9 k@ unit further conprises an offset
guantity detection part for receiving an output of the adaptive array

processi ng .part and tracting the frequency offset at prescribed 20 timng
and a offgg’tm]é’éﬂffeﬂéél ﬁﬁ’ B4Rt i ty operation part updat i ng the offset

: c?][rpe?sat i on quati bbjetct)lf thephashs 1@sferit:.‘)tfi1 {seﬁﬂfbtﬂr?vilde g%ﬁfd htﬁ{t e{iﬁ g
of fset qua i on a in the.radiq uni cei ve
signal is 3%)1&/%?%%8 6021 Cag?ﬂf’aﬂf a:l.@ n§| cgnmnbcglqrpgﬂgmat]g]éﬁaﬂgséeﬁ sl ot

i ncl udes a usersin panomrabn selj byl a spatiaindivisiongnaltipledetesssystemrfof er ence

signal and einifeaatnador ta'c%g}'lt%i' ?{]bguegeg'oﬁ%bwe&{@éifa‘t&hﬁﬁmﬂ%{rm gpd the

of f set qua ete ora hol di ng
the r'i&er e%@éeﬁ@tﬁ%ﬂl W}bl-?@f BRERQY1Rg 2bdizasion; efficiengyto ftbﬁ@hbnylebynchr oni zi ng

the phase of an Méﬂy%té%é%ﬁé"ﬁ@@ﬁ@iﬂ%tﬁfﬂﬁi’ow&é@ﬁ%ﬁid’ﬁnﬂ%&n éﬁiga

Bl 1 or ence Betiay AtiaBnp dneidine aaflgnat e elaufenmas and @é@%'t&wagg part
and the outpratesbimgmpattefordagivivg ﬁgnahs ﬂb@pﬂftﬁplmaﬁay bf hfitéhndean®d when
out put 11 ng SRR RS Y AR ﬁ%@?‘gﬁ?‘ iR dathve $H8e. | ocki ng
part lnd t peocessing partomchidesadfetiiencyotfsst qnupessition parttfori n a peri od
when the adgRigehSaBindbr BIPEGRHPDHRRE bf Q4ePAVEA sith A58 ponse to a
supplied offset compensation quantity, and the radio unit further comprises
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 pa'rtial 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 error 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 partin 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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partial signal, and an offset extraction part for extracting the frequency
-of fset on the basis of the output fromthe error signal generation part. 5
More preferably in the radio unit, the offset conpensation quantity
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 + x AO on
the basis of the offset conpensation quantity O stored in the second
storage 10 part and the output AO 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 st orplyasephckifppasttand tige dbepurffrsrt thecadmeiva by M&diﬁgf pakt any
1729 2 SRS DReRhl 08 AL BRI L kel

of fset conpensation quanti _
quantity O Bawiaddpl hodsaroffsetsdragiiormppart fan@xtteetingutheufre @@ericyom t he

of fset extr | ' j ' ' dating as
t he updati ngﬁfoért?ﬁrggslsegsﬁ@bf,ﬁ@mr S@?@%ﬂf%b’ﬁé‘l %ggpg&g% ??wt?h_e of f set
conpendation 20 aﬁPF?@r%drlﬁtqh@rF%Q uniy the offseh eompensatier quautisy or age

-part for stesdrationtgiatehélades ﬁ%@@x@é%tdx‘&%e%ﬁ%ﬂé‘toﬂngﬁmé iffdge and a
cal cul ation part %al cul at |.@g an update va u&FO' for the
3 fiya ulat

I ffset
conpensat i ¢ SHAHaR ghan bauny dimpe apdea g 1%%@%%%9V@ﬁ1%%t ity 0
'stored in tupdasteccade $t forahe offset com@dgbﬂﬁoﬂl@mﬂti Qasf §'anf e x g get
extraction Bar t he. niity,chan in updating in
Fesponse 1 ctrbeditat fyd AESGASrAFoh LY © Sersdidhe ot BB o
er r or 1@j gnapavjeanst the ontpydrd. from theeffseirextteactidn/part assemiagithatipi t , t he

of fset co 88diRY a SNABHLEY cOMBIcAldton part includes a second storage part
for storing the gffset co g’isati n quantity at any tinme and a cal cul ati on
plat

part cal cul ati ngvBnmM8%e B yan e@ala*?)ﬂn%%éhépf@@i CQIBRPRIAII on quantity
i) on the b@sastif opdrationlyHetinclades assicbd stordipli gart PosstdrREE {He dfpgtsecond

sLorage par B0 Loy QULBUL 20 Lramthe of 2ot Sl o ST AL TE e
of t he5 absohpdatewallue Sofor&helvéfsetitombpehsativn ke adititgronsilgisasigenehiat i on part
ngr ?i gler ;?gonfggﬂe% Qg{rrlb%n)sgggﬁgu\é%tﬁv@&o%g (fr? %Islé ggC(Bla({ gtoggég glﬁt a;[u?&l tlfxela rst
output A6 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 6' for the offset compensation quantity on the
basis of the offset compensation quantity 6 stored in the second storage part
and the output A6 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 ©' for the offset compensation quantity 1) on the basis of the
offset compensation quantity 6 stored in the second storage part and the
output A6 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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0+ ~L x AOin a period when the adaptive array processing part outputs the
.second partial signal, assumng that ~i represents a prescribed
coefficient. 5 Preferably, the received signal is divided into a plurality
of slots to be transmtted, each slot includes a first partial signal
including a predeterm ned reference signal and a second partial signal
including transmtted data, and the offset quantity detection part

i ncludes a forced phase-locking 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 ar thg outpwtreni the eaor signad gleaermdom/pant irha ;&dﬁmt whenaheay

roce n S ffse fraction
Bart fsglr %SQa_zngggrg??ﬁ&ﬁaﬁ&gﬁgfaﬁﬁts heﬁ g’ﬁi » PhE Bﬁ?{:ut from
the error 8iyHai AQénarpan ntthesadagy d&rm@rnaty nmeeqmngpart outpartsitha
therefore, dgédid pamidloNgRAl Assiined Yh A0, TBRFARHES hrkSerDdl L&t %ﬁ%ﬁ%essed
by cong ol l'ing t?,e g r% aﬁtenna tgggnzg ve aélra processin ereb
conpen®ati ng for TEREIRPEYERALGCRTS 15 Arvided in %Pl‘h@ﬂlbty tﬁlﬁﬁlt@@eof
-lésgarfs 'Itjg a ¢ramemnittdtheach slmdpbhmeg}a ﬂgslt p‘dmmgi%,mmhbmh @kegf i ci ency.

rie scr i, k ngs : is a,s ic i agram
showi ng t he %‘jriét}g %é(gfe%g%ﬁ%g%‘i?es%?’églp@ﬁ 1%8 to a first
“enmbodi nent @ranShmttﬁded@m anidrbherffsen quﬁmgltyzletectmmpam}mtchadesob fayeedn f or |
illustratin f r | an
the SO bagg%‘gf@é‘?‘?%ﬁﬁ&“%‘"ﬁf&%@g FhERBnibid XHPREL FhURnE b VEE

oper atllons @fapHye KAy Precessing rarhiwish ajm@cghgdmhatsemrg ergor Sliggal 4is a
schematic b?@ﬁgra&icagpam &%ulthhgl%héaﬁffeﬂeﬁc@%e%%%tdﬁ SuPut R IHYA base

t at 120 nbod t of t present invention.
ES |gnl s a PiCEnP &ngﬁoqlgpg,qqrﬁ erfg‘tlBBnE? 1 &he agﬁpfll’{é AN base

station 120@rmzacssmg| mttm 4 b@ﬂ&d?@\dftdl ﬁf&@da}ﬂ&ﬁé arFdydprdeebsing pughemati c
bllock di agr %{Rﬁ&’ts t'h s%%ﬁdﬁ parfga.lt s1gna.{ an offset extraction part for
15 extracting the frequency offset on the basis of the output from the error
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. 11is a schematic block diagram showing the structure of an
25 SDMA base station 1000 according to a first embodiment of the present
invention.
Fig. 2 is a conceptual diagram for illustrating 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.



an SDVA base station 1400 accor di ng to a third enbodi nent bf the present 5

-invention. Fig. 7 is a flowchart for illustrating operations of the SDVA
base station according to the third enbodinent. Fig. 8 is a schematic

bl ock diagramfor illustrating the structure of an SDVA base station 1600
according to a fourth enbodi nent 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 nent of the present 15 invention. Fig. 11 is a flow chart for
illustrating operations of the SDVA base station 1800 according to the

fourth enmbodi merfig. Eiiga.ﬂdvﬁ_Q;h)irt_tfbrlﬁﬁ@ﬁraﬁdgb@errﬁﬁ%ngl@f%@SM &fe channel s
in various C ni catjon systens, [.e., a frequency division

mul tiple acsééégﬁi%@bs_afg e'e Ott*‘ﬁéeﬁ‘hfi EH@H%PM-M e access systemand a
spatial divisi orFignfilis apcbenatizddosly di ggnantfar illidtiating Sehsathtredfock

di agram show rl g . 1.SS): 00/ bvin stem 2000 of a
convens | onalt SBMAD LISt 3480 ool R RET sk RmleRlal Uit s aEhe
structre 3RVeNB8N4 ransni ssion/receiving part 2100a corresponding to a

'single user in &g adaatiow cRaFEHr FM0%raBogt DA t the
| nventi on Fi.r st gE od%rprggl;% 30 [rStrurfaure O(g‘@%ﬁ)?/ﬁgggg}gégt at'| gnn 000] Fig.

1 is a sch&arPe a6FY. Hzd epbedimentst r ucture of an  SDVA base
'station 1000 acdrigd8 igatsohemfaiticssloekrdomtivamm foroflush@tBiefenstyub M@y on. - 10

to o 1 acah SDAbask MeaclNe0d HeBlBhL TP atdier PRBaORToRE CENG ol 1 1y of
ant entfas #Ppregentanvespent i vel y and down-converting the sane and
anal 0g-to-di gi t @gCORY R Endrtlfol Aldsatifly dpesati¥higr INEsHMAY S0 FOM the
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 invention.
Fig. 111s 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. 1is a schematic block diagram showing the structure of an
SDMA base station 1000 according to a first embodiment of the present
invention.
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S'RF circuits 2-1 to 2-4 respectively for converting the signals to digital
1§|gnals and outputting the sane as received signal vectors X(t). Wile it
is assuned in Fig. 1 that four antennas formthe array antenna for
simplifying 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 ements. 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 performng conplex nultiplication on the signals
15 X(t) and a frequency offset correction value O(t) derived as described
later thereby oRéfeytinicite Fi?ﬁl,rMDMASJaSégﬂ@dimXOOO)comph;imtIéE to

correction of .frequency offsets,. t kol 12- |, Vi h

i gnal s X (Gt fuk 00 FhaRreNes e B Ar A an £ B BV "0 1"

res pec: i ve: pluaalityrof anfenyiasgtlt teet4 sespectiyel and dosmotonyerting thecteare Wt )

respective : YA [ .

i 1 pLi er st AR i il S6RL LB, %ﬁlg?‘{‘%é%?Egﬁﬁlk’ﬁ*%@%ﬁzfi%ﬂ?@%na|

y(t), @nd aRFoivwdtpidste-3-4arspestpiely éastanyepting thes! éitm%h@t e out put

fM rgﬂﬁ ; hgr ggggh%ﬂeéaxfé&gggﬁ%@ilx% fyhényalﬁa{a@%ﬁéiﬂ@dbfg?lqlmmsqt(tx Ee Si gﬂal yg} t)
e. is a t

signal y(t) is a%lgengus@ﬁwlgeﬁéﬁ‘%%tﬁa??o%w@alaéiﬁi‘m”ﬁﬁﬁ %@g Zt the

'EL;LS: ; t yTﬁﬁnte?ﬁfa' fw!ﬁmpﬁiﬁgringmﬁﬁﬂastxﬁtmibfrﬁ the gxmbler dsfach@RSitenndsinady on, for

. erefore, i 0 WS aty thefo - | ocki '

part 20 perW%eBPfﬂ}L‘%é? Hgﬁlofla%‘&aclirb‘f%}belg%ﬁhrz‘o%sgisﬁg ?ﬁel rs]iggﬁ;fjcgazj! ggt ed

to QP$E rodul at i Thewetdived siggrad iveptuiraX(tcarereacponsdhaxgngdhe signadsr i bed phase

on the 1Q p%é‘c%fvefgﬂf@ ﬁLe%%& a%&ﬂﬂ&s%?%mﬁgﬁtsf.orwd phase-1 ocki ng

The” SoVA base st ThieSDNGbbasa statian HODAPSES: Gt § TRAUBERAEAL y |
hol di ng a r g QEEHGE pakOB 2bedivitiguiRtsizRaks X(tP &k ¢haematpg-toldigitatnbol s (for
exanpl e, 120 synbol s%_ [ ncl_ ded 1n.a signal Olf Qne,,slo aond i pg t he
sane as a sPYNATtRRsd 118 % #ﬁf‘%@f’%&?ﬁ‘? AR ezfdnﬂgf%]&%a}thdl OI\IM?Ig% %ﬁna&
secti q§ haviXif) drba feferening effseyomirection vahie/@() derived astdeseriberhlaterpart)
having no r ‘ta’tfleerre Qco%tls){xgtri'r?é the rLKAR X6 glg'n%l§ Re(t)rﬁﬂ'ﬁbé’t%ﬂ t3/coP@ctish 4ne sl ot,
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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5-a switching circuit 50 receiving the replica signal d (t) fromthe forced
_phase-| ocki ng processing part and the reference signal d(t) fromthe
"nmenory 30 for outputting either signal under control of the timng control
part 40, an adder 70 for adding up the output fromthe switching circuit 50
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 culating the weight vectors Wt) by known adaptive array processing.
The SDVA base station 1000 further conprises an adder 80 adding 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
ggt put f rO”S)frﬁBol%VQf(%rCé)iai?plél, neglsynﬁﬂﬂs)anehrdddan & eignad of enprsbatemmsd ng part
receivin ou romthe s Girc ng a
si gnal d*(t %gng |Sé1§n%8§ua'fég?éf &@? mlBglcgll}th%ngg(r)m%#% #&ﬁl ng t he
?Et puéI df ro gwhleehemarpé@xomhayu@a refexessceisignalds re@gvey or la@e@tmpddata om
e adder r e he 20
muit plier SoraRgtiAg b spIERG HRRaR R %%C%%d;?lﬁ*fl g L L g
a freqﬁencyaammémnaelrculfei(bpec@Wﬂgltglﬁé‘ﬁp oSt dofk) rozmztheh rgq: g a step

coef fi ci ent pyh QL] RIS Bké&s&ﬁ% Woritshid M@&@kb%fgﬁ’ﬁ'd(@;fr@nmﬁél plier 110
mul ti plying t e st:‘gg coefficjient output fro ﬁ% ﬁ fficient h]gl di ng
part 120 bymeneowy, 3 forpuipytringeithessignal eraFOHE* r"g tha SRIE CQPhg an
(Z:g mt;gﬁg; te vph#tedd,am h&&exlo’ﬂtﬂ f&xt a@dl@i}g&ﬁl&@l&dfa Oﬁtmm?ﬂnl bint the swidclaimgofifadt 50

I on a aor._ cal cul.at | . f
conpensat i of® é&h IEJ ng f'é@??% axe H%t 631 e‘%gg ({fb%ﬁga ue in
precedént pm@stscaigxl‘attmmadmmt ﬂﬂecenmwmg/anwtautifmm th,n pdder 7@fox he

T L LS B e RSN U R Sty prscumg o

corrects the f r@l}@eﬁ@%b%‘éﬁ@ﬂ% ﬂﬂ@eﬂ @‘Mtbﬁ%” SOMPEIFLE 4B éd’tﬂggl t al
Flolmtji '; S{ ;Snﬂ t]?h @nafobtained d 1E'v8rt13g'tﬁe BiAPHCAD err sﬂg@ﬂr@(ﬁ) dwput

e struyc na tra bet te nal d
the SDVA ba xonythe aéHeagé@q%nthec %‘3‘3 rfi@n?l] Pgsﬁ%ﬁlalo(i ne f ?gme
i s diwvisded batputefroht tisd ovftchisg dibatit Bbeafct)nmlei cenjugate processing part

60 receiving the output from the switching circuit 50 and outputting a
signal d*(t) of a complex conjugate, a 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 A9, 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 6(t) in response 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,
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5-slots are enployed for receiving, for exanple, and the rear four slots
.are enployed for transm ssion, for exanple. Each slot is fornmed by 120
"synbol s, and the signal of one frane is allocated to four users with a set
of a single receiving slot and a single transm ssion slot in the exanple
shown 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 8(t), and 15 thereafter subjected to adaptive array
processing as described with reference to Fig. 1. The error e(t) is

obt ai ned from t hBigo@tipui caicgptialydingramtfpnilldstoatingehe athaptiveobar ay and

the reference sjgnal .d - eyl lraty Ly '

per forns ad%ﬁf’ &%’Sfe&é%ﬁ\ E’gf‘ﬂ%%g%‘&%ﬁ?‘h@{fg‘g‘? g}ﬁ‘%‘$ % Beaﬁg%osrtgg?tﬁ)w,do%%t her eby
cal cul at i ngthehprasentimverdoaror Wt) havi ng the recei vi ng wei ght
corresponding t Ozekfs‘;i'%l?alo A RafR fsNBvElAMBb eight d1o¥sS b tRRY tife first four

e Bhe. 1 ot arecmalased: fop apemiving. for xambla, S8 heieer oL A0R ] gnal
e bl ot g )+ e Lo At atesstna for
Cpdating the frelachelotorioaned by izo Sunbels,ahs s0f sighAl et ERaF RS gnal
in the sl ot allbcdtad to fowt usebssihal settdfea sififpietreceningehstzandn singlee 8(t) is
et or ence. s Pipniatiph A MR AR B E oL b X1 by adaptive
array 10ear ni ng. Frg.this a8owi chrart dox lysirating aperajions ¢féﬁl@r3@ﬁ5’é‘¥§iagﬁal , the
wei ght Vecgf’a{tiog* ﬁbo@ggo&,gqnfmgggency of fset conpensation value 8(t) are
sequenti al | y updated by adaptiVve |l earning no the basis of .t replica
signal -13 d' (t) Sehematisallyyllpsiratmg thearosesipg pawe«ieubm B8- i( from
the adapti vegjenafls Xyt)Wéf thetrksy aheaneas# URak4naesubjeited becempbex i n t he
Dt o e ARy &R B 1250 1) SRR RS RSO Shud B SRY Dce
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 carrier frequency component
on the IQ plane, i.e., the frequency offset value A9 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 8(t).
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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5-the first enbodi nent perforns array |earning and of fset update processing
.on all synbols included in one slot. In other words, offset correction of
"the received signal, array processing and of fset conpensation val ue update
processing are sequentially perfornmed every synbol. It is assuned that the
val ue of the step coefficient ~L enployed in offset updating is previously
10 set by an experinent in response to applied environnent, for exanple.

It is also assuned that an offset conpensation value O(l) is set to zero
as the initial value of the processing |oop. Wen 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
12~b synbol &(t) ebtdingd dykfoosiblysphasd-leking the okigrutggt) fronsthwad aotive

f | o] | . 3 { [ ' th
i gnal obt oad Byt ehE dbondr bl paitaniq d el 3'he StpueBRURYE | 12
ref erence sadpptivepaimay. of Tc/4 QPSK as the replica signal d' (t) of the
f [ I ' f ' 2
reference signa %%ﬁ@raagtﬁwggegé}?oéa, ftﬁ@smgmb%agth%n DoPhMrdidy tdhe

foll owi ng descriptian, notes a varl abl e expressin time such that
p%és g

t of the ofthedirstemhoitimenspeytorms aray leapragand eftsel) RIPERSSIAG om a
reference pgi AN YimBdlgeaclhided e dnR!stot. f Th RKEF QBPHE Dffsellédtdctivn of the

Focet ving. 1Bt BiEls AapA P RBaysing e 4R compenspUEPage R ount i ng.
‘the synbol proebssingaresetuentiakyl peoformesteerssgiitol. Iismssuwhmdirator not
N e T
si gnallOr ecesetdyy am exherimrendrinaesponsectobanyilisdognvigonmient  fos gremmleof f set
comensat 0,2 355 adRGRGELRG A 18 ety ) it v 201
jsin(i x Q#erp)as theanypal valueafihepracessiig Iofgi nary unit, and Z :
represents the CWHYEXppE&DLd dFHIES @lystent HIBeR¥mpIebiie vadid @it upfatesei ght
calculator 10 cal cul ates and u agat es t hﬁ wetleght v.ectﬂ_ga ty\(swre\é”i}lhthtehe
reference sb Se(,*r(qo}nHﬁPtSBE‘lmf‘? he Lh the zeteyence sreppbd(
15 memory 30 between the first and 12t 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 6(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 S100), 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(i) of the signal received in the antenna on the basis of
30 the frequency offset compensation value 6(i) according to the following
equation if the variable i is not more than 12:
X'() = X(@)eixQWxi
=X(@@) x (cos@ x Q@) + jsin x Q)
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5-adaptive array output y(t) obtained fromthe of fset-conpensated vector
X (i) of the received signal (step S 108). On the other hand, the adder
"80, the conplex conjugate processing part 60, the nultiplier 90 and the
of fset extraction part 100 perform processing corresponding to the

foll ow ng operations fromthe reference 10 signal d(i) output fromthe
swtching circuit 50 and the error signal e(i) output fromthe adder 70,
t hereby cal culating the frequency offset value: e(i) = d(i) - y(i) 08 =

I (d(i) - e(i)) x d*(i)] In the above equation, Inf...] represents the

I maginary part of [.]. 15 On the basis of the frequency offset val ue
obtained in the aforenentioned manner, the step coefficient holding part
120, 'thef nwheir®) repre$dftssant immhgimfrysetitcamp Zh sepresontsatheccamplexl ati on part
130 perform.npr S Sd f the frequency of fset conpensation

val ue on t%Oéﬁggéﬁ:’sgfo?g?'ﬁgi‘?#oﬁq}q%v‘\'ﬁegg'equation (step S 110): 20 O(i+

1) =0(i ) +xA6 WhenThan, treowetitnglalatorel G calgukntes endsupdatesd the weeight ue of
the wvariab by 05GY eﬂﬁenlt : (90@&5' t S
104. V\hen% etbl{(g?(tljje of t ee(?%rréi?ﬁgls?éé}?alms d telruleg%({elﬁ tgé%?'g?g @P%&%ggat t he
step SP104, 2daetiye aEraysoHyumi(Piobtamed é@@bﬁ@m@etmmn@w veqtpy X'the 25
_frequ?ancy obff g reeeiviedipeal @osp SGogprrects the phase of the received
signal vector i ),,an ener at t recejved signal vector X (i

i art Yt ot heOnEStEeE Bt fie ke SHE ot honl FerRmmbetidng
‘updat es t hepasti @httheantliipliai(9) and theeffses estrattivheaat 160 perfpra e(i)
obt ai ned by

from tho adtiteodiyforiRgbhld Wonuaaf io- 2oty Ol B8 ekl

phaselPocki signahds ioytemt from theswiching giycuiti3@rand tee pmor sigmH2L®- | ocki ng

processi ng pafdutAPoRUhRM &ldr), tRBEdlfiAcalsh1dtRlg thelfrdqHONG S& vlubor Ci bly
phase- | ocki ng theﬁggﬁt I ve array output -15 yﬁ ) throughthe sw tching

circuit 50, and € Her VG out puts the error signal e (i). On the basis
of a result obtahpedlhpdiy-dé®)xidig)p result of adding a signal obtained

Dy et ng ey U SN L B R s SRAAGS, PSR (D T
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 0@+ 1)=0G)+ ux A6
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'(i) similarly to the
step S106.
Then, the weight calculation circuit 10 updates the weight vector
W(@) on the basis of the error signal e(i) obtained by the adder 70 from the
30 adaptive array output y(t) output from the adder 14 and the replica signal
d'G) obtained by forcibly phase-locking the signal y(@i) (step S114).
Then, the forced phase-locking processing part 20 outputs the replica
signal d'() generated by forcibly phase-locking the adaptive array output
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5-conpl ex conjugate processing part 60 in the nmultiplier 90, the offset
.extraction part 100 cal cul ates the frequency offset AO on the basis of the
“following equations: e (i) =d (i) - y(i) AO=1Inf(d (i) - e (i)) x d *(i)]
10 On the basis of the frequency offset quantity AO the offset
conpensati on val ue cal cul ation part 130 updates the offset conpensation
quantity according to the follow ng equation, for storing the updated

of fset conpensation quantity in the nmenory 140 and supplying the sanme to
the frequency offset correction part 6: 15 O(i + 1) = 0(i) + ~t X AO Then
whet her or not the variable i is larger than the nunber (e.g., 120) of al
synbols is determned (step S 118) so that the processing returns to the

WhiTe t o pt O) SBEUEH URDSRitkhiy HRuitBOCahfaRe'dBlen TALLRIs She o800 e
S S V. | X SS

o e a0 tERARGr 3h th ReSisct LB S0l b S g 2 s deel ol et s
pL eser vedf | lraldﬂh@ i@yl obltéﬁme‘doby irneeritimigt thal sigalof¢hefsigrid ed@bmed tlkat frane.
Thus, it fo b t
quan i Ly t oFeiiEn SR ITE ip' thel ddtler ) WF 6 el AP o Rl o ARR"S ST 01

(val Ge of comiphex cmugawpmcaggmzmrp66ae§hengultmphmaosﬂmoff@tended by
the af or em%&tr{&@ﬁ@n PR A09%alchl %%s%e%lg@enW§ét%ww@ue phimeirtak the

recei ved SI% | s conpensated for due to af orenenti oned processi ng,
wher eby thel? EPA4aRY oyi ng the 30 adaptive array can attain a stable
‘receiving char actee({)lsal(g @isecond Enbodl ment] Fig. 4 is a schematic bl ock
diagramfor ill u @ﬁ ﬁg ugiJf) an SDAI A base station 1200
according to a s H e - 16 present invention, in contrast
with R0g. 1 shovatgthélbaémsr(ﬁ"tthelfmqilemmytoffseﬂ' heantity &y tlee offsethe SDVA base

e o RO R iha o  eib
in the fol | ewiamditysicaexding to the following equation, for storing the updated o set
compensation quantity in the memory 140 and supplying the same to the
frequency offset correction part 6:
15 0@+ 1) =6@Q)+ux A0
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 follows that the
initial value 6(1) of the offset compensation quantity for the subsequent
frame is set as follows (step S120):
25 8(1) = (value of 6 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

-16 -



5 The SDMA base station 1200 further conprises a denodul ation error data
-check part 210 detecting whether or not decoded data includes receiving
errors in response to an output froma differential decoding processing
part 200 (not shown in Fig. 1) perform ng code processing on the basis of
an output froma forced phase-|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

t he step coptésenitenvemmnbulj imgcqudrasts2dh Figr 1 shbaigg mhe first embodafhiénti ent

enpl oyed for obt ghpi é%gu@t'ﬁrgf ?f}?é Sme({%%tsltgﬂon \‘ﬁlOB d:'cprd:lﬁggg R s%gorici] €

nunber T of error tines termn
processi ng SEModImEng s ¢ rB&EfTé’%F @ﬁ@upﬁlﬂecﬁﬁthg Q%biaéﬂﬂ@mn 109 =

ﬁ 7.T WPE—‘Veachr?ﬁigEWtﬁéﬁ@stC@ﬁﬁétﬁMerﬁQh'tfhfeﬁPPGw% Gmth tlh and I( 8)
ereinafter re S e i ci en urt he
repres&nts an ini ﬁb{\@é% @ac S%b‘g} @f?ﬁﬁﬁhémamssﬁ@nfﬁ%ﬂ@@a&%%rme
t he val ue oﬂatehehsdlepartZZSlO:deﬂ‘ef:tmgamhet}ueB ogln@dld@bd)d/ed &dtmmi:hﬁ@esa | ear ni ng

t . NGt 5 C ein a
Short Cti e, PERIPEE orbold Wb BANERF ¥ B crb B, PuARES Y 4 PAREE o
‘extent is rpqm%wg\/mt 2Q(]1(e10(ofsh9wn valfige 1} beffosming acdepreregsingerstlage.
Wh I |1

en a arg §1r rdfr ﬂlj)gfgﬂoxﬁ%oﬁﬁﬁéc% EH‘i?ér goecﬂ?ﬁégrgéesgl?@%ar% &&QR{O ows

t hat the of edes Trom S1'S
error 10f | eaelhdlﬁ@rs ¢ﬁerwn@60m paecassing pAwr22 Opwsponsively deteamining aut . | n

ot her wor dseridr &ﬁ&@dﬁﬂfh@ia%@lﬁﬁf lor iRkt FRIs S PPl RESHrbinCtheM th @ swing
w dt h due tﬁﬁl nfl yence il‘}f ce or the like o,after, cogvergence

-17 As here ayeu er PraSFaB ey isteingthe pr ocessi ng
part 220 dehwmbaefﬂof\mhésaofmchrmtrof Heteenlifiationsror i s based on abrupt

oL ee, o e 1Sy LGSR 0 AR S B b

of f setlb 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 error times supplied from the error
condition determination processing part 220 on the basis of the following
equation:

20 p'(t) = p'(0) x AT

where A represents a constant satisfying 0 < A < 1, and is hereinafter
referred to as a forgetful coefficient. Further, n'(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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5 conpensation value after considering that the offset value has entered a
.convergence stage. Thus, it is possible to prevent the offset conpensation
‘value fromremarkably fluctuating by an error resulting from abrupt noise
or the like for nore correctly estimating the offset value. Fig. 5is a
flow chart for illustrating operations of the SDVA base 10 station 1200
according to the second enbodi nent 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 1
(step S 102). 15 Then, whether or not the value of the variable i is in
excess of 12 is determned (step S104), so that a frequency offset

correction part Asdmwréitibdve dev@ibed, theicrrey cohditionaletefiatesh i n an

antenna on the basis o f uenc ffset co nsatlo value,0(i) if the
oar i abre i pSteSibleSoat 230 d TR, wREGRS SRuisA pfariiS based gnn or
10 cal cul at abruptdneipelat ¢se hkwamghtre ,e&‘enoe to n\(learmnglhmtargfoerthadﬂtesi gnal

d(i) out puttﬁerram@daag %t@ﬁgo@%c?eq&%rl%ﬁlsaa{ﬁr | Pititoh O RRRLT e

froman of fset-conpensa rece

the ot Ber h‘éﬂmpe%ﬁaté%lﬁ t%%mfbd@‘knﬁéhﬁhﬂéﬁ@ffmto §Q|}WQ qvetexed a5 60 a
mul tipli e(rj &ﬁl\fyiﬁrtalﬁé‘e fﬂcafgfet Tﬁ&brﬁ% lpf[éBsﬂPé $o ﬂ%ﬁeﬁ%&h@;oﬂ‘s@f&ﬁﬁ éﬁéﬁllon ,
correspondin o.the fo rations fromthe referenc na [
ot put 11 ont bR rengeratiy uCBeA dne Bian Rk revyltie GO AbHRIOL om ¢ he
‘adder 70 therr&b@/hkalfcﬂhmt'engrxtebﬂyfeeﬁmgth)ébﬁsétvﬂ*u@e e(i) =d(i) - y(i)
30,70 el PLCIC) pig 10 S ol oD PO el bob Do
obt ai A@d i nstaﬂrmn 8200 ec@mdmgr@dthmend embsidmendeshwai enFighd, mng part
120, a mul t 44 étwﬁ%ﬂﬁ? gand an of fset conpensation value cal cul ation part
130 perform processi n or. updating the frequency offset conpensation

val ue on the baBref,erém& ¥el'igo B} wiliengresgivang precessingisstacted (step($106), ~11( 0)

X ?J 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 i is in excess of 12 is

determined (step S104), so that a frequency offset correction part 6 corrects
a vector X(i) of a signal received in an antenna on the basis of a frequency
offset compensation value 8(i) if the variable i is not more than 12 (step
S5106).

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@) - 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 obtained in the
aforementioned manner, a step coefficient holding part 120, a multiplier
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5°0(i +1) =0(i) + ~C(i) x AO Wen the processing at the step S 110 is
.ended, the value of the variable i is increnmented and the processing
‘returns to the step S104. Wen the value of the variable i is determn ned
as exceeding 12 at the step S104, the processing shifts to a step S112. At
the step S112, the 10 frequency offset correction part 6 corrects the phase
of the received signal vector X(i) simlarly to the step S106, for
generating a received signal vector X (i). Then, the weight calculation
circuit 10 updates the weight 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 phas®ahddad ﬂﬂséthfbnﬁﬂ@fsahon(da)lué %’[ali:l&latﬁ&xlﬂa)art 1Beperforhor ced

hase- | ockin roce uts thexeplica _si enerat ed
by for o1 bl yPnERangatk MR RRE B8R et AP bt RerSads velud v o5

swi t chi ng cbas;smftﬁ@folbmdmgmmm:s (3epoBi@ts an error signal e (|) n
the basis of a r @Y I_t gﬁt@ jpned multiplying a result of adding a signal

obt ai ned by invertin e sign of the signal e' (i) and the replica signal
d' (i) Pn the adde@d '8 T)W%@%@hél * (i) output fromthe conplex conjugate

-processing part @hdmtla mdcbssahg@t tHO std18100 fis ehded ! thackd1ae oNlié 25 100
cal cul ates a frequency offs th.et onth basj s of th | owi ng
equat i ons: YRR 1§ pgemer&eﬁ?ani% ’Fﬂcﬁﬁe(lpﬁ re lér(qs)lp thept E’P%IO& the basis
“of I t hF f requency\Aﬂfe‘rsﬁte valaetofithe Af@;.‘lablllé i imdete&huﬁédastexcé’édlﬁglmltsﬁgd on

cal cul ation set _.co at u ccording to
the foll ow ?Fg%eéq{ﬁ Qgﬁ@?ﬁ%efség}gﬁ tf’ﬁ‘e“&?@ﬁks C%ﬁ%é%%%??r%#%ﬁgﬂt ity i g a
menor ¥0140 &nduem%poﬁsetg:ommtmammﬁ ¢oreedts éhephage of therewivedsignah part 6
(step S 115')/ect011§é15 %ix)ulag y(t%)t}fé ot ﬂ- S306, f rﬁ}eneﬁgﬁhg na}orec(e{\)e&(méﬂallhen

whet her or not arger t 20) of all
synbols is weatey f(Red (step S 118) so that the processing returns

Then, the weight calculation circuit 10 updates the 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@) (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(@) through a switching circuit 50, and the adder 70 outputs an error signal
e'd). 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°(1) output from the complex
conjugate processing part 60 in a multiplier 90, the offset extraction part
25 100 calculates a frequency offset quantity A6 on the basis of the following
equations:
e'd) =d'@) - y@)
A8 =Im[(d{) - e@)) x d’()]
On the basis of the frequency offset quantity A6, 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 a memory 140 and supplying the same to the
frequency offset correction part 6 (step S115):
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5to the step S 112 if the variable i is not nore than the nunber of al
.synbols while the processing shifts to a step S 119 if the variable i is in
"excess of the nunber of all synbols. A nunmber T of franes having no
continuous receiving errors is set to zero if denodul ated data includes a
receiving error, while the nunber T of 10 frames having no conti nuous
receiving errors is increnmented 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 nenory 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 frame is set as follows (step S 120): 0(1) =
(value of O in f®l=re@rohng) Processing for one slot is ended by the

af orenenti oned pgecessing, ,(St. 122). The frequency offset of the

recei ved signal pg%i&ﬁ%ﬁgﬂéw?cﬁ% by Zobigerfcﬂ)rm' nght he af orenmenti oned
processi ng, wher &hgna 1er ermot Brevayablg i iadargbaghandhamenberte.gt,t ai n a
stabl e receiyhyige ARAABR SidGrmfitid ek S118) b6 POMERRYLRALLSSho PUARKIL Y can
be nore sta conpensai e or ‘W thout B8 ng” rntTuenc y a gup ext er nal
f1 uct ullt i onto thesstepstlihddhayeviablesig pph srorabanithemuonber ofSalt symnbols

‘Enbodi ment | wiAld {2 $rReesin£BhaM (R kteg 82193 tfe PAribbR SEGR &R6Id bCiRNt  i's
gradual |y redu eq‘éﬁs g @grnl ng section progresses. \h’n | e the val ue of
t

e
the step coBP® YAR%Es on the basis of the nunber T,of franes
‘al  owi ng no det eAtnwmbef Teafifirames baiviwg aio\tongintione recdiimy erreeeis/satzoi s 30

started, it_js .al | bl r e . val ue of t t epn cqef fh ch ent
in respons%éxtsoo&tdﬁgwﬁgﬁﬁtg %qtta;ig}ﬁﬁxg*ég ah%.%}li}l‘ag t)érﬁ%{ﬂﬁ}ﬂ'geoﬁ%e ﬁ‘égg’u%%f errors
or tA@ nunframes havingfnacmdinways wmcaiving grodrsis tuireimapted by kandpl e.

[ Second Modifdr6d ih AimBinodf 30ds BRORC TR deeivAflg ebndr (s BiPS1 BOESI DI € 1O
perform offset estinmatlon” processing itse ]g or]Fy Ina frrst” frame for
starting receivi Ageauthgnal Hgnuengeatsetcowigis paesened pr the eMOTNNi | e

perform ng n90EsPAeSHIiIfE] faluctofthasRbidentent faRfe. IAKS, iAfJIRAR tH4tGher r or
takes pl aCeini 1fa5 S\r%iuee 8{1‘) %?E}ng gffjsest go%g)gﬂsnﬁgonaggéﬂﬁty for the subsequent
15 frame is set as follows (step S120):

0(1) = (value of 0 in final learning)

Processing for one slot is 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 p 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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5 [Third Modification of Second Enbodi nent] Alternatively, it is also

. possi ble not to perform offset conpensation quantity update processing
"every franme but to performthe processing once every 10 franes, for
exanple. [Fourth Modification of Second Enbodi nent] 10 Further, it is also
possi ble to perform processing of returning the step coefficient '(t) or
the of fset conpensation quantity A(t) to the initial value when an error
t akes pl ace. The conpensation processing for the offset value is quickly
conpleted by returning the of fset update value (the value of the step 15
coefficient ) to the initial nunerical value (or gradually increasing the
val ue of the step coefficient '(t)) when a certain condition holds while

perforning the afiGseNEnpodsilsld toffesfirnt offbesaimationpreessingitséionly
af orenent i onedée %al n fo(r)l%l tion indi cat&s .suck case fhat error.s take
ot Eiape fop

h
pl ace contifd aftiugxecergng durine single speech commynicaFon, o
det ect ed, oprdcessingerkile perfonmniiag ne potessing an to akbseqladdrames. ¥aerpl e.

Wh th ' t . ' ti

eoei ving. of FEsedvint &by b8koc pIGcE (IR etinldeiiPEs POMbAHAdealie | TOUS,
error Bakes pl acEThizdMedificatipn of Slecond Fmbedimentdt ep coefficient 25 ' (t)
-returns to the i AlfekRhtiValyUR is@3o pbsdiblehn MO fdrfciinh @Fsef copOnshtion

Enbodi ment] Further, .the m ni num val uﬁr@()f éhe Ste?ﬁ coefficient ,(t) can also
be previ ouSN§NELY upAate PrOcEsIINE eyery frane ayt Lo periormethe procpssiug once
‘excessi vel yevaguikEframe) faipaiainmple. of the of fset conpensation val ue itself

| oses the effect Thenef ore, ..t he @ ni val e of .the step coefficient
"(t) is previ Ous[lilousrgﬁ_ﬁ%ﬁcg%gﬂrﬂfgecgﬂ%:%%lﬁgﬁrﬁl%@t]pf limting the maxi num
for tA@ val ue TFuothe®0it isralscpossilile toperforoe pvadsiseing fireturningdbestepl t hat
the m ninu fo e ol s an( | e b 15, 0f
operation %%#Q??Qgr&%ﬁ{%ﬁ%g? B{/ﬂéfe' S%gglgﬁpi%%datﬁyo@n%%ets@ g%%ﬁ?gn t hat
in the enmbowhenman erxordakes BlicGue to the aforenentioned structure.

The compensation processing for the offset value is quickly
completed by returning the offset update value (the value of the step
15 coefficient p) to the initial numerical value (or gradually increasing the
value of the step coefficient '(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 interference 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 u(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 pn'(t) is
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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5°[Third Enbodinment] 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 invention. The structure shown in Fig. 6 is different from
the structure of the 10 SDVA base station 1000 according to the first
enbodi mrent 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 holding part 120. The remaining structure of the SDVA base
station 1400 is simlar to the structure of the SDVA base station 1000
according to the first 15 enbodi nrent shown in Fig. 1, and hence common
parts are denoted by the sane reference nunerals, and redundant
description is nhtisaspeateddhatitbe sniepmooefvialee eflthe:sirepramlefﬁment A7y isets the

val ue of a %ectat t%}feoﬁigﬁ%ﬁﬁﬂérat{&% a&éﬁrﬁg (31"CNR section having a reference

si gnal , scrlbed value p in a section having
a refer ence Si gn@ setmafmaecoammsaﬁmm@ge atable then fthatrenl the embiediment owi ng

reason: In ﬁ%ﬂdﬁlédﬂhe%%ﬁ@a(fbﬁniéx?ﬁo&é’d@&hcﬁh%ge) of array learning, there
is a OSSI bili t%‘{ gm vector output froma weight cal cul ation

ci rcui i s nihir é@ﬂg‘ir&]a correct value. In this case, an error

: beéI w_eenf t Ihfa r ef Bigei6cie esscgmhaﬁmmo@k c&agﬁamcibi ﬂmﬁsbtfiatinghthé sgrd@wg@ofﬁl ue,

and it fo updat e n such a

st age t hat ?%VZ %?5 é:% 1 Js%%((y)scébg E]Oeg%fl{rﬁe?léb?@n%e tp%fs ®bi | | ty that
it is duffunmsentmw@mrsely deternine the offset value. In order to nore
preci sely estimeqge Tsﬂ‘%xc%féﬁiv%\k/ﬂhﬂ%gt@% i8nt ﬁf&ﬂ@%b B fhutd'Gt (e Set

val ue_is st in a sta ere rnin ue or error)
an adé@t | ve§§M§3ba|S§ Sﬁ%ttm’é dR08ageerdipg go tg shemb@dneam shewn in|Higsdr at | ng
|77 e P s st g sl o e
[S)r g\é\gsls |nng &ntfﬂé) Y 1s_p2‘9v:éﬂagid@l ﬁé’ﬁ? Og ﬁ%@\gtqpncqe sie§t ba@éﬁg W&tlzgn
of fset conpensatTha rgmlammngsstmad:tururmdahe@DMAaba&ersﬁadmmmOm dfdbir t4
o2 BREIGRGTh H ARL AR, (O MR BB 10
the st®p Siambpdiment shawn ipdigehcand hence common parts are denote 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 is a
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. 7 is 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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5 redundant description is not repeated. According to such processing, it
.is possible to precisely determne the offset value for perform ng stable
of-f set conpensation processing. [Fourth Enbodinment] Fig. 8 is a schematic
bl ock diagramfor illustrating the structure of 10 an SDVA base station
1600 according to a fourth enbodi nent of the present invention. The
structure shown in Fig. 8 is different fromthe structure of the SDVA base
station 1000 according to the first enbodiment shown in Fig. 1 in the
followi ng point: 15 Referring to Fig. 8, the SDVA base station 1600
according to the fourth enbodinent is provided with an array processing
convergence determ nation part 160 determ ni ng whether or not array
processi ng ermbodimaet slewlvio in Hig. &asé@tcthaaranecrffsm coimyrealsatioh )vabué paihof r om

st s of 1 nappaelip b PRubaTuhet hEMAREN Y R b A ERBGRUND OOt gence

det er ni nat | trelwding thetreférence stgngpl nige.t mthileah uarmbleal rsqut mord than dBt ' (t)
I f
of he. SovraplBets Brodlsirs Gt M‘?%w BESepiS D10 K ¥mifeR, Mdflefie \CL 0 e e

stati of 100redwdantlescyption igmgt mepeateds conmon parts are denoted by the
-same reference nAﬁ&frﬂi tRBECH ﬂdﬂégéiﬂfg 1@%%#6%5%% 8\ precisidy debediRtthelhe
step coeffic ff rlt ag & art E &e g of the step
Coet 1 ci ent SEY VAl %’F‘inﬁs FAPRSBRAR THCOSURE © 1+ (0) x
((x/ 1 e(i) 1) 3[Fomrth&Embodipi@sdnts a constant nunber, and hence the val ue
of an offset pe f-i L.enty...i S

| arge, while theﬂ?é)gfi% ?c%eéﬁ %t%)bf 05'1 ag{iﬁﬂcf%négg%ﬁgﬂﬁgclhersrtlg(%tlﬁgé §ircral | .

Fig. 90is aanSIWMdnbase $f@tt10|nI 1602 amorrdgxgamﬁmth@@bodlmr&mmhbase -23

station 160Q,aeaeiaV&fise the fourth enbodi ment shown in Fig. 8. The

processi ng hown n Filg. 9is siml Q th pro essi of the fjrst
enbodi ment shownT ﬁsﬁ"tft“:ge ghownang Stgtlﬁ e BETIftﬁ%SEWCtFH’rO{Jﬁ%fau ng

the of fset SONIANSReis2atiGnA000taccordiabanghd firgt éﬁﬁoﬂirﬁéﬁf@lﬁ!ﬁvﬁl‘iﬁ@&@amner
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 similar to
the structure of the SDMA base station 100 shown in Fig. 1, and hence

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

The step coefficient control part 126 changes the value of the step
coefficient p'(t) on the basis of the following equation:
w(t) = W) x @/l e@ )

30 where o represents a constant number, and hence the value of an offset
update speed (step coefficient) is reduced if an error is large: 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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51n a step S 111 corresponding to the step S 110 and a step S 117
.corresponding to the step 5116, and hence redundant description is not
‘repeated. As a nethod of changing the step coefficient '(t), change based
on the follow ng equation is also conceivable: 10 '(t) ="'(0) x (a/ | log
| e(i) ) r According to the aforenentioned processing, updating of the

of fset 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 tinme up to convergence of the
of fset value. 15 Wien an error e(i) is larger than a constant value and it
Is estimated that precision of a weight is excellent, the step coefficient

'[ ﬁ/{) é_ } S n?tsthﬁl&?lri@ﬂ sty(c#ogr&@rgthfégbukﬂtmmbdcllﬁ@eﬂ ﬁgﬂgl? aﬂtFig.ads.ue- |

i fication of,JFour odi nen .t is also possible to.contr n
of f set update sp’ggﬁ paplcetswélgdﬁgqvgn b’% Fll&ff; 1% %HE’?%PYN; Pra?cﬁ%%g\?%ﬁﬁe rﬁg%onse
vect or val uembodiomemtyshoven m dyg. 3 excdptahatvwhe stepproeffcient forofpdatingl at i ng
transition o) ' I byl . '
or ocedent 11 gitSct FohfHbask ol R8I EEY th e BRARMARUR fiahuld, 0
the of$set impaster Spibgorrespendingdotheister 5340 ansl a stanSIAE ot her hand, the
of fset updai@refRRAihs t6 thé StiCS Y16 fadBeN& f&d@agflfﬁiésmbﬁoﬁtiﬁ%tw ds,

the of fset val ue(iws] updat ed on the basis of the oW ng equation: '(t) =
'(0) x (R xTeBeR}eGrhere COR represents the correlation val ue between the

‘recei ving responss a Betlvebofelrantfing ke BtarestEhticht ane), hdngbdased bant
frame, and rfeO@'roesent s a.,. con%tléant coe‘}c fi i c:i ent. [Fifth Enpodinent] Fig. 10
i s a schematt% %Rg&ﬂéEGPQHﬁF 9 £9MeEL raiil? ng the structure of -24 an SDVA
base 30ation 1800' (e @) mgx/tHJoga] ef(i)ii h enbodi ment of the present
[ nvention. The ShEUGHHLE:Plnd BorSMRRARE pibaldfl, WRRAHCSF gl the
compensation 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() 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:
p'(®) = w'(0) x (B 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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erbodi nent is different fromthe structure of the SDVA base station 1000 5
-according to the first enbodi ment shown in Fig. 1 in the follow ng point:
The SDMVA base station 1800 according to the fifth enbodinment is provided
Wi th an array processing convergence determ nation part 160 for detecting
whet her or not adaptive array processing is in a convergence stage in
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 determ nation part 160 and a tim ng
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 shh8DMEbade $t38i0BPNMYPasRraiat 1004 iFGOOmMbSdihBht 8f tHePprebent Ne
structure of th%i SDVA base station 1000 according to the first =~ enbodi nent

shown in Fi PFVPU%d hence common parts are denoted by the same reference
nuneral s, and reThadénictdescf the SDMADasetstatimed860.actording to thediftl e of

the SDVA b L.on. ' fiefih ' t .. th

coet fic! ent SRbeRRhpREi LA RO Bk Lot df cha SFRCHRIERasian o) o0,
controf of aererding vegtheofirstembrdimens shoma it Big. doef theciollowing gointol part
128 changes the $haBvvE{ Bhié?é %ttidn(iSOQ[ ac&raﬁfgtto%ehﬁﬁhr@nﬁ%di@@[iﬁnce

si gnal accordi ng éo .the followng equation, simlarly to t
enbodi nent : Ppey1ded yith apnmrray precessyg qonveygense determination pprk 1680y | og |
e(i) I 1) dsteatingovhothe?dying ddAptRer@RS Proé3tilg istinea esifrergBREd | Ci ent
control parét 128 sets the stegrcoefflmﬁnt &ﬁ) to an |t+(g alue '(t).
Accor di ng. ( BAERAN PSP ENE  EEFos ueRlc (outmiyt drare anoadden T8 angl 3 stepo
reducdf@ bel ceefficicntsoatiol partt28 pontrellee byithe reawitrod deberniiafationnefetlss gnal
when arra g@gﬁ' ] ' . Whi i eed is
gr adual | yyi ﬁ?:l(r%l selcci?glétlhgtc gilllg S%‘F%QEY%%E‘%P%%&? lgpo&(isgﬁ%ndi%?égl@%ﬁ@gr ged.
't is assuftom aftmingeentapk parir4dsfos changing the valuesofa stepdwefficent o

excessi vel y«Biniglae€asthd §@pRbbaRiemPRAEn S pafd120en reaching the section
havi ng no refereﬂﬁe signal in addltht%ghﬁ ige olf)fset updat e speed s

returned to an i MAETEMAINNE styuctyze ase station 1800 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) = p'©) x (@ le@ )
(or w(t) = w(0) x (/| logle@ | |)
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

is assumed that constant threshold limitation is provided not to excessively
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constant value. Thus, it follows that the update speed is Iimted. 5 Fig.
11 is a flow chart for illustrating operations of the SDVA base station
1800 according to the fifth enbodi mrent shown in Fig. 10. The processing
shown in Fig. 11 is simlar to the processing according to the first
enbodi ment shown in Fig. 3 except that the step coefficient for updating
an of fset conpensation quantity is changed as 10 descri bed above in a step
S 111 corresponding to the step S 110, and hence redundant description is
not repeated. Therefore, a |larger nunmber of offset updating opportunities
is supplied as conpared with the third enbodi ment, whereby convergence is
quickly made. In addition, while the offset update speed is so excessively

15 i ncr easethdrbade thweoffsdtupdatespedd) ity for divergence overflow of the
fourth_epbodi nent i ossible to

i abl i f din.th it .
havant ageous! y addrel FiacbY FRE spctidnl Bk o ezl b o0RiERREY oo
%t er barr?%/tlpe offsstsipptespeedny eetyerdedde andnitiellpfset wabry, itorreaic}paocesfsi ?ﬁ
ereby o 0 PR 1% al - ence o e
of f set ycorrpgﬁ{ssgtﬁ?%kggg'ugrhc%% 1pf)e qui %tyﬁge%#gn%g?e@gseﬁgﬁ%%?mnt S

di scl o8ed this tFie Yasia Bewcdhraat dexr dinstrating pperations of thie SBMAbasend not

restrictivegtatith $80Pac@irdidPtPIRSATth driib6dinh &t dhowis iRWighpd, by the above
description but the sco eﬁﬁf cl.ai fn’igate t, . and 25 1t is intended
i

that all nodificafdHCeHstpg showa 1 ek i the BEFGRIF D% to the
'scope of cl aceorflinig patlesfirstreambodimetadhowdbirCER . NSexceph thatitlpe stept

ond 5 adaptPoERidnEtof BRfRg i b Mnfh o HD i%ﬂ&ﬁ@?@%@#&%ﬁd#@ /
pl urallfty ofleserilathaboveih @sterablilhgorrespemdingitodiestep &4d0i bud hemcai nal |

wherei n sai do dehePintVEeRIFAMPIsIERSppatdeans includes frequency of fset
conpensati on mea;}, (6) ftor_ conpens in(%f r a frequency offset of a 10
recei ved signal | i‘eF porslargsr &U@ﬂ{fﬁlq @@PSGF ppdatipgApnorinigiesdsant i ty,

said radi o giippliédakrempeesdith fHe third embodiment, 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 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
in 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 it is intended that all modifications within the meaning and range
equivalent to the scope of claim for patent are included.
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of fset guantity detection neans for receiving an output of said adaptive

.array processing nmeans and extracting the frequency offset at prescribed

tirm ng; and 15 offset conpensation quantity operation neans updating said
of fset conpensation quantity on the basis of the result of detection by
said offset quantity detection neans. 2. The radio unit according to claim
1, wherein 20 said received signal is divided into a plurality of slots to
be transmtted, each said slot includes: a first partial signal including
a predetermned reference signal, and a second partial signal including
transmtted data, and 25 said offset quantity detection nmeans includes:
first storage neans (30) for holding said reference signal, forced

phase-| ocki ng nmeans (20) forcibly synChASMSi ng t he phase of an out put
fromsaid adaptive array processing nmeans with a prescribed phase, 30
error signal generation neans (50, 70) outputting the difference between
the reference si §nal rxdie vait comspidinig: r st st orage neans and said out put

fromsaid adapti ([ i i i g aptive
vy pr ocess not i EArAR inRAREAR A2 Bhualief o B AMANGHY RfE); 534°P
out put Bi ng the dREaRiEHaErayRINEEIFIRG TRRAT O rEeptving slenelefr@npaaige- | ocki ng

-means and sglhd-abity BPhntdiasSa d eREFABE LY D AkhaY fidhP 4§37 e5Eh & BtninAl 2

peri od when sai d adaptive array procesSing neans outputs said second
partial sigWdfr®¥nd 5 of fset extraction means (60, 80, 90, 100) for

‘extracting sai d $aidpdaptive afragqirocsssineneanisinofudesdrajiigity dffsetn sai d

error signa I . J it cordi t,oclaim2,

wher ei n sai @%ﬁ%%%ﬁ%%ﬂnﬁgﬁga ?f(;o% C&lﬁgﬁ?{s%/gl n%p%?&ﬁrgﬁu%%’ngﬂ?%cqfc_ es: 10
secondOst or tegeivasesign all unyesponse to i suppdiaidnifset compensption apiantityquant ity
at any tine, amsﬁﬁ'ﬁ‘dﬁ@hh@ﬂ‘fdfﬂ@&%ﬁ%ﬁﬁhd‘g@' culating an update value 0" for

said offset co nsat i on, quanti :
rropﬁset quantitcgf etecttu))/n means for receiving an output of said

adaptive array processing means and extracting the frequency offset at
prescribed timing; and

15 offset compensation quantity operation means updating said offset
compensation quantity on the basis of the result of detection by said offset
quantity detection means.

2. The radio unit according to claim 1, wherein
20 said received signal is divided into a plurality of slots to be
transmitted,
each said slot includes:
a first partial signal including a predetermined reference signal, and
a second partial signal including transmitted data, and
25 said offset quantity detection means includes:
first storage means (30) for holding said reference signal,
forced phase-locking means (20) forcibly synchronizing the phase of
an output from said adaptive array processing means with a prescribed
phase,

30 error signal generation means (50, 70) 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
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0''=0+xA0 15 on the basis of the offset conpensation quantity O stored in
.sai d second storage neans and the output 00 fromsaid offset extraction
means assuming that .t represents a prescribed coefficient. 4. The radio
unit according to claim2, wherein 20 said offset conpensation quantity
operation neans includes: second storage neans for storing said offset
conpensation quantity at any tine, and cal cul ati on nmeans cal cul ating an
update value 0' for said offset conpensation quantity on the basis of the
of fset compensation quantity O 25 stored in said second storage neans and
the output DO from said offset extraction neans while reducing the quantity
changed in updating as the updating progresses. 5. The radio unit

accor?! ng tqubwﬁ;ctmgﬂr%he/\ﬂﬁf'_ e&fzﬁc@ﬁeﬁ@ée@l @Iﬁfo&e;;ﬁutlftirﬁﬁﬁﬁéi@tﬂo%b(dwﬁé'ézzo e‘;f-Io)éking
operation neans. further, includes: errqr _detection neans or
Gotecting anrams 414 3504 olput i safd alaphie BFre PrOSASEERRSIDa  he
updat e val upefiodfwhes aaill addstive anmypmsassing memnd obtpuas sai@Seddnd= 0 +

(oxa, T) x40 . [ f the offset conpensation quantity O stored in
said stor agggﬁ%egj;%ﬁ%f’dﬁ}(ﬁe output 00 of said of fset extraction neans

n
assumi g that 2 oHspl extenetionmpansdb0HER, PosiAW) fer exanttivgenid feguenhnn 1
and - L0 T ePbisenés (hE basisuftheloutht!frof shideet0f slerfal §Rherdtitd faditistim N9

that T represents a value corresponding to the n updat 1 ng
opportunities allowing no detection of receiving errors. 6. The radio unit

‘according to cl aBm Thetie unitldecoadioh gl daim it evhereans updates sai d of f set
conpensati on quanti ver | ur.al it . franes. 7. The.radi,o unit
according to cl aPﬁ’i(gélﬁ‘@ﬁecpgﬁgpnﬁ&FWHOQ"Y?&tyc%@ﬁQQtIPSﬂnﬁH&ﬂ’t‘#?@ operation
means l0ncl udes: S$&caulshodags nreags (hd@nfor (sterihg fsaid effeet compenshtinhf set
conpensat i ogu ﬂ%'i?gtaittahygﬁn%an I me, and cal cul ati on nmeans cal cul ati ng an

8 r sard o

update valu X fse .
calculation means (130) calculating an update value 0' for said offset

compensation quantity as:
0'=06+puxA0
15 on the basis of the offset compensation quantity 0 stored in said second
storage means and the output A9 from said offset extraction means
assuming that p represents a prescribed coefficient.

4, The radio unit according to claim 2, wherein
20 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 0' for said offset
compensation quantity on the basis of the offset compensation quantity 6
25 stored in said second storage means and the output A9 from said offset
extraction means while reducing the quantity changed in updating as the
updating progresses.

5. The radio unit according to claim 4, wherein
30 said offset compensation quantity operation means further includes:
error detection means (220) for detecting a receiving error, and
said calculation means calculates the update value 6' for said offset
compensation quantity as:
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conpensation quantity on the basis of the offset conpensation quantity O
.stored in said second storage neans and the output A0 fromsaid offset 20
extraction nmeans while increasing the quantity changed in updating in
response to the nagnitude of the absolute value of the output fromsaid
error signal generation neans. 8. The radio unit according to claim 2,
wherein 25 said offset conpensation quantity operation neans includes:
second storage neans (140) for storing said offset conpensation quantity
at any tinme, and cal cul ati on nmeans (130) cal cul ating an update value 0" for
said offset conpensation quantity, 30 i) on the basis of the offset
conpensation quantity O stored in said second storage neans and the out put
00 fromsaid offset extraction NRRosy + 'Ixeq‘.[i)@(cigasi ng the quantity changed
in updating in response to the magnitude of “the absolute value of the

out put fronPE&hG?@ﬂfso‘PfQiewfgﬁetﬁ,%lmétlanimn’fﬁa{rﬁssﬁoneénpeaid)dtomhgm sai d
adaptive ar hisanRl Habeatd BAtPRNS of MRSt 8atAcliohThe® hsimMHRRe 20" 1)

as: 0'=0+x00 5 in a perio en.said adaptive array_processi ng neans
out puts sai ae%féfémf ?)BF?%CQ%"&“%VY" 5%%%1‘?\%\{?%@@1{ 1 agie 14Q sepresgnts an
prescrbbed tuiéifal ivalwnof tie coBfficieadiuowhile tassamingithat Taepkédentd a vdlaeei n

said receiv ]ﬂ&{ad ' 4 Vi | Lurality of..slof,s to be 10
transm tted?&é‘gé. saf‘gS‘gle nﬁﬁgP%ﬁéﬁ}lﬁ%&#@ppg tt"lﬁlgfes gﬁ&ﬁ’éﬁlg Ml udi ng a
predet er m né@te\cgparoirr@eemlwarnorand a second partial signal including
‘transmitted data, and said offset quantity detection nmeans includes: 15
forced phase-| océi n& means (20) forcibly synchronizing the phase of the
out put from sai d®ad ﬁ‘lei @May aﬁ?ﬁb@@@sﬁonémémgmﬁrem a prescribed phase,

error 18i gnal genesidl ddeulEERMSmeARS v dabed $4i0DERE cAnbERESAGRE RBIMASN an

out put frome\s,éatrlydpﬁl%ﬁggopﬂgsmeésl' ocki ng means and the output fromsafid

7. The radio unit according to claim 2, wherein
said offset compensation quantity operation means includes:
15 second storage means (140) for storing said offset compensation
quantity at any time, and
calculation means calculating an update value 0' for said offset
compensation quantity on the basis of the offset compensation quantity 6
stored in said second storage means and the output A from said offset
20 extraction means while increasing the quantity changed in updating in
response to the magnitude of the absolute value of the output from said
error signal generation means.

8. The radio unit according to claim 2, wherein
25 said offset compensation quantity operation means includes:
second storage means (140) for storing said offset compensation
quantity at any time, and
calculation means (130) calculating an update value 6' for said offset
compensation quantity,

30 1) on the basis of the offset compensation quantity 0 stored in said
second storage means and the output A8 from said offset extraction means
while increasing the quantity changed in updating in response to the
magnitude of the absolute value of the output from said error signal

-29.



20"‘adaptive array processing neans in a period when said adaptive array

-processi ng neans out puts said second partial signal, and offset extraction
means (100) for extracting said frequency offset on the basis of the
output fromsaid error signal generation nmeans. 25 10. The radio unit
according to claim9, wherein said offset conpensation quantity operation
nmeans i ncludes: second storage neans (140) for storing said offset

conpensati on

guantity at any time, and cal cul ati on nmeans cal cul ati ng an

update value 0' for said offset 30 conpensation quantity as: 0'=0+x00 on
the basis of the offset conpensation quantity O stored in said second
storage neans and an output AO from said offset extraction neans assum ng

t hat

r epr egemérfatdnPmRaak ik @t &o6d Whenestid add@Ptive array processing means

10

15

20

25

30

outputs said first partial signal, or
i) as:
0'=0+uxAD
in a period when said adaptive array processing means outputs said second
partial signal, assuming that p represents a prescribed coefficient.

9. The radio unit according to claim 1, wherein

said received signal is divided into a plurality of slots to 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:

forced phase-locking means (20) forcibly synchronizing the phase of
the output from said adaptive array processing means with a prescribed
phase, '

error signal generation means (70) 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 (100) for extracting said frequency offset on
the basis of the output from said error signal generation means.

10. The radio unit according to claim 9, wherein

said offset compensation quantity operation means includes:

second storage means (140) for storing said offset compensation
quantity at any time, and

calculation means calculating an update value 0' for said offset
compensation quantity as:

0'=0+uxA0

on the basis of the offset compensation quantity 0 stored in said second
storage means and an output A6 from said offset extraction means
assuming that p represents a prescribed coefficient.
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