RADI O COMMUNI CATI ON METHOD, BASE STATI‘ON AND MOBI LE STATI ON CROSS REFERENCE
TO RELATED APPLI CATION This application is based upon and cl ains the benefit
of 5 priority fromthe prior Japanese Patent Application No. P2002-244314,
filed on August 23, 2002; the entire contents of which are incorporated
herein by reference. BACKGROUND CF THE Il NVENTION 10 1. Field of the

I nvention The present invention relates to a radi o communi cation nethod, a
base station and a nobile station which can be used in the radio

connunicatl th sent invention relates to a radio
15 comuni ¢ |I§ﬁE§eHﬂHNg%é{t§lg ’ZH&%’M (B& e SBPV SN oANRAMPE Tt e STATIOYS) et hod
with the spread spectrum techni que and having the cellular configuration, a
base station and a nobile station which can be used in the radio

conmuni cati on met hod CRBES2 REBERENCP! TOREXATHIE AReiLatcadzént Conventionally, a

DS- CDVA (Direct Sequence CDVA) system in which a plurality of nobile
stati ons perfor gl +%ﬁp@ll€eﬁﬁﬂﬁ|b=atb|a§ﬁdusﬁqrg anfec bakres frhequeneli badd i s

known. ste nobi_| atjon is i entlfled with 25
spreadlng %bges §¥C%%@¥ d%éfﬂ' ﬁggngﬁghpg. ?i)%b Noysed as the
spreadi ng eedes- 2km3ibef@§e@DM$A%ﬁ%k%n13“@bb@ atﬁéQﬁﬁErErQ@B@bﬁﬁf fic

mobil e station is despread in a receiver (a base station), an nterference
si gnal pow¥hifhomrot hrerormiidteds hatieansbbecofesertiae t ransm ssi on si gnal power
of the other nobile stations / PG (Processing Gain)" on average.
Particularly, a signal from each nobile station is influenced by an

I nstantaneous variation, pacgRGROUND OF THE INVENTION

10 1. Field of the Invention

The present invention relates to a radio communication
method, a base station and a mobile station which can be used
in the radio communication method.

Particularly, the present invention relates to a radio

15  communication method using a CDMA (Code Division Multiple
Access) method with the spread spectrum technigque and having
the cellular configuration, a base station and a mobile station

which can be used in the radio communicaticn method.

20 2. Description of the Related Art

Conventionally, a DS-CDMA (Direct Sequence CDMA) system
in which a plurality of mobile stations performs radio
communication using the same frequency band is known. 1In the

D5-CDMA system, each mobile station is identified with

R
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spreading codes, and orthogonal codes such as Gold codes are
used as the spreading codes.

In the DS-CDMA system, while & signal from a specific
mobile station is despread in a receiver (a base station}), an

interference signal power from other mobile stations becomes



a short-termvariation and a distance variation caused by each 5 independent
fading in the base station, under asynchronous environnments in the uplink
direction. Therefore, the signal fromeach nobile station is satisfied with
a required receiving quality in the base station, wusing a transm ssion
power control in which SIR (Signal to 10 Interference Power Ratio) is
controlled to be constant in the base station. In the conventional DS-CDVA
system however, there is a problemin that the spreading codes are not

conpletely wgrg - nd th nal froma_ _specific nobile station is 15
i nfl uenced by tE %ﬂ% 2 ere SP&%& ﬁ%@'?FB%?&Fﬁ@#enﬁB?Féon%ﬂhP?ons (a
nut ual correbﬁ&¢éﬁéldﬁubﬁinqulbh Qégpa§QVI@Q&QﬁQh§arl§ve§ EE@&%Pdgnﬁnabove

transm ssi on power control is perforned conpletel is ensured
to be constﬁﬁ@hﬂwbuhesﬁa&aonsﬁaﬁnﬁmueﬁﬁedmyahhebsn@ﬁﬁéneéﬂﬁﬁarhat@oﬁ[0b|em

in that the |nterference signal power increases and the comunicati on
capacity pef SGW&t GQFP Y& raddived d &5 AL FEaROADET igit ivpbisesed i eash

performng ;thed icatjon .in the same fre uency band i ncreases
under the n%|{§§ pat qé%%ﬁ?ﬁ n%ﬁtéh?rP?%e VS gFrDé TOBRIEystem |In

order to sc&nmnﬁdnmawﬂgbhﬁﬁﬁheaﬂplfﬁgﬁgfgégyy%n_cancelIatlon t echni que whi ch
can reduce the influence of the interference signal power from other nobile

stations i s knowiheaafadapt ive sidraindram apcti mebsieystechm gue i s known 3
as the |nterfer cg_c, cellation _technique. The adaptive antenna array
diversity t&chni Fedl # ZEGUEFEASHSI VIR 9P Lity in the base station,

using a transmission power control in which SIR (Signal to

10 Interference Power Ratio)} is controlled to be constant in the
base station.

In the conventional DS-CDMA system, however, there is a
problem in that the spr@ading codes are not completely
orthogonal, and the signal from a specific mobile station is

15 influenced by the interference signal power from cother mobile
stations (amutual correlation) under multi-path environments,
even though the above transmission power control is performed
completely, and the SIR is ensured to be constant in the base
statiocn.

20 In other words, there is a problem in that the interference
signal power increases and the communication capacity per one
cell is reduced, as the number of mobile stations performing
the radio communication in the same frequency band increases

under the multi-path environments in the conventional DS-CDMA
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system.

In order to solve the problems, an interference
cancellation technigue which can reduce the influence of the
interference signal power from other mobile stations is known.

An adaptive antenna array diversity technique is known



reception of directional beans by assigning adaptive weights to signals
received in each of a plurality of antennas, and 5 reduces the interference

signal power fromother nobile stations. For exanple, a coherent adaptive

antenna array diversity (CAAAD) receiving systemis proposed, in the
technical literature "Pilot synbol -assBsted deci sion-directed coherent 10

adaptive antenna array diversity for DS-CDVA nobile radio reverse |ink,
| EI CE Tans. Fundanental s, vol. E-80-A pp. 2445-2454, Dec. 1997. (S.

Tanaka, M Sawahashi Adachi )" as a type of the adaptive antenna
e dllronct %gncgn??}l?—‘? }E%PH%W'CARIA‘D? g system

array diversity technique. Referring _ _
will be 15aexkgired ned-dy iseflysiF rgg@h@im%e?%qtgegn tg,%g?%kggi{)gear%Af\DM
rom nmobi e stations a

recei ving system receives signals transimtte
antennas 1D9S€RG.OI0 B dSeeondond hddaasebsgt aés Ofn TRY tHRIPEFeSkaNGhSs YK, M |
(m 20 1to (I)\/ps despread via antennas 101,,,, a RF radio unit 102 and

mat ched filters 67 SRERPGhE T Nt Factfors Rlayedina wéi ghtenvas uesyd w (w =
wl to W) praMi i j factor. contrqlling unit 104. The base
station conbi ne%%?ﬁg%ngp\té%??%%gg%isglr%ﬁsl T %Eﬁf“n LRRFtmafsle 25 The
signal s yk,amdtiane.acqui red by despreading signals received over a path #1

with a nobile station #k at the antennas 10lm(m=1to M . The conbi ned
signal z,,,z is Fepresemied dyoheentaldaptiing expemssiaatraydd MNe Zs i W
(CAAAD) receiving system is proposed, in the technical
literature "Pilot symbol-assisted decision-directed coherent
10 adaptive antenna array diversity for DS-~CDMA mobile radio
reverse link, IEICE Tans. Fundamentals, vol. E-80-A, PD .
2445-2454, Dec. 1997. (S. Tanaka, M. Sawahashi and F. Adachi)",
as a type of the adaptive antenna array diversity technique.
Referring to Fig. 1, the CAAAD receiving system will be
15 explained briefly.
First, a base station adopting the CAAAD receiving system
receivessignalstransmittedfromnmbilestationsailqantennas
101, to 101y.
Second, the base station multiplies signals vy 51 (m =
20 1 to M) despread via antennas 101,, & RF radio unit 102 and
matched filters 103,, by weighting factors (antenna weight
values) w (w = w; to wy) provided by a weighting factor
controlling unit 104. The base station combines the multiplied
signals in an adding unit 105.
25 The signals yym,i are acqguired by despreading signals
received over a path #1 with a mobile station #k at the antennas
161, (m = 1 to M). The combined signal zx,; is represented by

the following expression.



O k,ml" mM1 Third, the base station perforns phase variation 5
estimation using known pilot synbols inserted into a signal from the nobile
station periodically at a phase variation estimating wunit 106, so as to
obtain a phase variation estimation value. The base station perforns a phase
vari ati on conpensation on the conbi nedisignal zk,| using the phase
variation estimation 10 value k,| obtained by the phase variation
estimating unit 106 at a phase variation conpensating unit 107, and
perforns a Rake combining. The sjgnal on which the Rake conbining is

performed zk is 15 represented ﬁéithe foll owi ng expression. L z 1=1
Fourth, the base station ﬁ%r OFNE- a pHase i¥entification 20 and judgnent

process on the signal zk at a |dent|fyldb and" judging unit 108, and
reproduces and outputs the transmistited data. Then, the base station
usi ng ., the above phase variation estimation val ue

cal cul ates an err, ect or
and an error sigE§Ir§5 %g a%%t??ﬁﬁ%ﬁ?[ﬂ%ﬁﬁ?rﬁérPB??%nV%{&?Fkﬂ%u ng unit 1009.
The erray st sioh @ did Rﬁé?ﬁ'%‘ilﬁ%t BN LAY 5 At WL ey phase

vari ati on conpensation i s per the S|g
i denti fi catfronmabill¢ sdgnenh WrAGBESSals yRE! & PHERE. v WRI 1 & 861 haet0f
controlling unit ENNBE 104 updates 5
unit 10 s0o as to obtain a phase variation estimation value.
The base station performs a phase variation compensation
on the combined signal zy ; using the phase variation estimation
10 value é
kil
obtained by the phase variation estimating unit 106 at a phase
variationcompensatingunit107,andperformsziRakecombining.

The signal on which the Rake combining is performed z, is

15 represented by the following expression.

L
z =2 3 5*
k ‘Rl-~ kb
=1
Fourth, the base station performs a phase identification
20 and judgment process on the signal zy at a identifying and
judging unit 108, and reproduces and outputs the transmitted
data.
Then, the base station calculates an error vector using
the above phase variation estimation value and an error signal
25 atanestimatedphasevariationmultiplyingunit 109. The error
signal is a difference between the signal on which the phase
variation compensation is performed and the signal on which the
identification and judgment process is performed.

A weighting factor controlling unit (MMSE) 104 updates



the weighting factor w per synbol form ng the signal fromthe nobile
station, using the error vector and output signals from matched filters
103, to 103M so as to minimze the above error signal. A LMS (Least Mean
Square) algorithmor RLS (Recursive 5 Least Square) algorithmis used as an
algorithmfor updating the weighting factor w. The base station conpares a
reference SIRwith a received SIR cal cul ated based on the above conbi ned
signal zk,l at an SIR neasuring unit 110, so as to create a transm ssion

pover controle c10,angl sAUGR,) SeLOpeIf UL L0 LI MBI S s o on

As a result, the on ad recei

the reduct imsbiafe betidt Qrufsalhgnﬂ% Hradg! v POoneF anfir&m:}g}@%ﬁ Hﬁﬁblﬁ:cﬁﬁ ations,
by form ng and receiving directional beans each nobile st atl on individually.

15 An adaptWatehent Ehhteas rl@p: trcaA98i s sicoas et hodinszeriogoabdveiertdre
t echni cal Ilter ture "Ad tive antenna arra{ transmt _diversity in FDD

forward |ink “WCONAISa ©BF baFBANTI PRk L IR EPBSY BECeReCUHT AN rel ess
Conmruni gat 'l@?&%’t @Buageg'oa a%&l{ i dhm J.%Ogged(ys aana%&§br§thmagg}i:<a %atddnhgara and

M Sawahashi)". The 20 a ve antenna arr ASM ssi on

conpensat eshe eapghtpagyteavtdored in an uplink for the anplitude variation
and the phase variation which occur in radio transm ssion paths in a
downl i nk, and tran8kass e« ek Gﬁapabearmreﬂ:@ncze SHBWeL tan a eneargpl ve dof

configuratl s o{cdlo éS ch Ismthe DS- CDVA_system usi ng t he

above net hog VA %eciﬁ = Onzt Od'&/\ﬁ?’i‘“f’lk“%‘ﬁéﬁﬁé‘laé ?knl taﬁearb§1

system i nC'nié@%uEBﬁng@lrI@f‘l@' lsetasc*eé-%'}_% t@@t?Qnérﬂ%%’%&F%hwgp 1 The
pilot symbols are tinme-division multiplexed one slot in the
common 1Pi | sttgshanwieich NI dat desyuraolsmiandd to the mobile station.

As aresult, the base station adopting the CAAAD receiving
system allows the reduction of the interference signal power
from other mobile stations, by forming and receiving
directional beams each mobile station individually.

15 An adaptive antenna array transmission method is proposed
in the technical literature "Adaptive antenna array transmit
diversity in FDD forward link for WCDMA and broadband packet
Wirelessaccess,IEEEWirelessCommunications,pp.2-10,Apri1.
2002. {(H. Taoka, S. Tanaka, T. Thara and M. Sawahashi)". The

20 adaptive antenna array transmission method compensates a beam
pattern formed in an uplink for the amplitude variation and the
phase variation which occur in radio transmission paths in a

downlink, and transmits directional beams.

FIG. 2 shows an example of configurations of downlink
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channels in the DS-CDMA system using the above method.

As shown in FIG. 2, the downlink channels in the DS-CDMA
system include a common pilot channel and an individual channel.
The pilot symbols are time-division multiplexed in the whole

of one slot in the common pilot channel. Np data symbols and



6 Np pilot synbols are tine-division nultiplexed in one slot in the

i ndi vi dual channel. FIG 3A shows a format of the individual channel for |ow
speed in the DS-CDVA system and FIG 3B shows a format of the 5 individual
channel for high speed in the DS-CDVA system As shown in FIG 3A, NL_D data
synbols and NL_P pilot synbols are inserted into one slot in the individual
channel for low speed periodically. As shown in FIG 3B, NH D data synbol s
(NH D> NL_ D and NH p 10 pilot synmbols (NHP > NL, P) are inserted into
one slot in the. individual channel for |ow speed periodicall CGeneral ly,

[ I > ( Y. [
when t he baSeP3tafi B a5t AR T YHE on muddAPLereh Bt diS SLPTohRl beans

in the radiprCOo/ARINGRLII0RL5)stem the nobile station perforns channel
estimation with the 15 pilot synbols in the coomon pilot channel transnmitted

usi ng non-directrirgnaba haan®, astm\mtt ofcengpensaeahanr dhenddf lfeencew of the
channel variation (the phase variation, the anplitude variation and so on)
resul ting fferfd HE £hei MY G Isysten: sant FIGEBr abpos ta diesmagspbntipat hs. 20

On the at her_han en the_base station adaopts the  transm ssion of
3 C{ll“%uia%ntcﬁgnp%i °to R r}% &p&t By CPHe BBSECRtation forns

di recti onal “bearts
di r ectional beamsl ghdiein Hcectl OF, Ohat SQURA SLNY , ANGL LaRGALS the
i ndi vidual channel usi njénthe di r'ecll’i)oﬁal beans. 25 A%‘Pslﬁown |£ @é 4, to
be nore spexid iimsetrhedbasto sdrat isawt 10 tiansmiwiddzg ichdnyeduabr channel to
the nmobile station 30#1 via the antenna 101 using the transm ssion beam

pattern forSR4%& PFSBPA&C8LaYion 30#1 (a solid line), and transnits the
i ndi vi dual As shown in FIG. 3B, Ny p data symbols (Nyp > Ny p) and Ny p

10 pilot symbols (Ny s > Ny p) are inserted into one slot in the
individual channel for low speed periodically.

Generally, when the base station does not adopt the
transmission of directional beams in the radio communication
system, the mobile station performs channel estimation with the

15 pilot symbeols in the common pilet channel transmitted using
non-directional beams, so as to compensate for the influence
of the channel variation {(the phase variation, the amplitude
variation and so on} resulting from the fading which occurs in
the radio transmission paths.

20 7 On the other hand, when the base station adopts the
transmission of directional beams in the radio communication
system, the base station forms directional beams in the
direction of required signal, and transmits the individual
channel using the directional beams.

As shown in FIG. 4, to be more specific, the base station

[
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i0 transmits the individual channel to the mobile station 30#%#1
via the antenna 101 using the transmission beam pattern for the
mcbile station 30#1 (asolidline), and transmits the individual

channel to the mobile station 30#2 via the antenna 101 using



channel to the nobile station 30#2 via the antenna 101 using 1 the

transm ssion beam pattern for the nobile station 30#2 (a dotted line). In
this case, power delay profiles in the radio transm ssion paths fromthe
base station to the nobile station 5 are different between the comon pil ot
channel transmtted using non-directiondal beans and the individual channel
transmtted using directional beans, and the pilot synbols inserted into

t he common pil ot channel are not used in channel estinmation, so that the

channel estinpt] . 1o perfornmed.10 with the pi]ot synbols inserted
into the intLJIti@I%i Eﬁg?g}gjﬁ%%\lnote .b%%ﬂogg%g?fnt%o esgesmﬁkﬁ)i‘(?b?%?ﬁ]ﬁ{ytaﬁétz {Re power
of the pil otiotgsgaboise)j Nnserted into the individual channel is less than the
power of the pilot synbols inserted into the conmon pilot channel, so that
the accuracy of charitals estsienapbwari §e teygraceth 165 whehet Bedghanne

estimation with the pilot symbols inserted into the individual channel is
performed in ?ﬂ%m%%%sﬁhPFaﬁﬁjfr@%?@?f%ﬁ%ﬁééaééﬁéé¥?é?ﬁdﬁﬂﬂdéhﬁtqﬁéonThere is

bl em i Lndi yvj | s f I d.is |
han Che numbere ot 1Al GoaCr2b En SRS RErh R eisdod BEPREREd] ot “and

the power assigmetbr-Giilreetpiohat s¥8he! snd Net tahitRatthenkRdiyi dual channel
is low, so that the effect of averagi ng noise and interference signal

pover is |itiesniHedasdracyiotcthannk| begts mericorthei phlot heypbdod symbol s
aded, and downlink capacity

inserted info the individual channel is 25 degr ) _ _
i s degr adedJ.E ‘:Eietl'-\;ﬂl':'?f—d SERRIA CRTTRE R ANENFRORAF ARG dRecheReRbi ng, it
i's an obj ecdsOfmdth®RI€S€ALt the channel estimation needs to be performed
10 with the pilot symbols inserted into the individual channel.
However, there is a problem in that the power of the pilot
symbols inserted into the individual channel is less than the
power of the pilot symbols inserted into the common pilot
channel,sothattheaccuraqyofchannelestimatimnisdegraded,
15 whenthechannelestimationwiththepilotsymbolsinsertedinto
the individual channel is performed in the conventional
interference cancellation technique.
There is a problem in that the number of individual
channels for low speed is less than the number of individual
20 channels for high speed per one slot, and the power assigned
to the pilot symbols inserted into the individual channel is
low, so that the effect of averaging noise and interference
signal power is little, the accuracy of channel estimation with

the pilot symbols inserted into the individual channel is

|
1

£ degraded, and downlink capacity is degraded.

BRIEF SUMMARY OF THE INVENTION

In viewing of the foregoing, it is an object of the present




8 invention to provide a radi o comuni cation nmethod which inproves the
accuracy of channel estimation in a nobile station and increases downli nk
capacity by changing an individual channel format when a base station
transmts an individual 5 channel using directional beans, the base station
and the nobile station preferably used for this nethod. A first aspect of
the present invention is summrized as a radio conmuni cation system
conprising a first base station which can transmt and receive directional

beams, a seconthiiase 49 skatige whi EQaE@“%%m{;E%B%l&na%tﬁ%ﬁe'M?lcn

dlrectlonal beans, a first nmobile station which can receive directional
beans, and l@m%mbcheasyam onamik Clascanaoion dtes webdileestdional beans.

The first base station conprises an individual channel transmtter
confi gur ed & t¥HHRGRSE Sarfqwidilpkd waar acHaANn &Y |Crh@9151wmrthlrp¢imdwnbol s,

d i ndi I I d f f
The ndi vi 0UaT eaghe e oS RGP EuaPe b ahner BT ret 1 ol Liges.

bet ween sa faHamale 10fs 1Nl Aekvi dual b&&@@n%hews%%ﬂa&lt&a Beq4 thangimfiled using
directional beans and a fornmat of an individual channel which 207is to be

transm tt edtwsilvg noafdrakely iwrml floeanhisl methedfirst aspect, the first base
station may conprise a downlink transm ssion nethod notifier configured to

notify a downli ‘ﬁkﬁt%éﬁi’%ﬁdﬁ ﬁ’é?kﬂi&?%ﬁiﬁvﬁﬂ@e@ﬁh‘?“ disr é’é‘f"i“%ﬁja?e%@éns or
-di T d | h first

nmobi | e statlon |rst as |on an
second noblvdhacstc&tﬁ eﬁaﬁaylmmarm@larer ageb&tméya@hm@n a Betbha eJrasféonfl gured
to notlfy a receiving function show ng
station which cannot transmit and receive directional beams,
a first mobile station which can receive directional beams, and
a second mobile station which cannot receive directional beams.
The first base station comprises an individual channel
transmitter configured to transmit an individual channel into
15 which pilot symbols, and an individual channel format creator
configured to create a format of the individual channel. The
individual channel format creator changes between a format of
an individual channel which is to be transmitted using
directional beams and a format of an individual channel which
20 is to be transmitted using non-directional beams.
In the first aspect, the first base station may comprise
a downlink transmission method notifier configured to notify
a downlink transmission method showing that directional beams

or non-directional beams are to be transmitted in a downlink,

to the first mobile station.

[ o]
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In the first aspect, the first mobile station and the
second mobile station may comprise a receiving function
notifier configured to notify a receiving function showing

whether it is possible to receive directional beams or not, to



whether it is possible to receive directional beans or not, to 9 the first
base station. In the first aspect, the individual channel format creator
may change the format of the individual channel, in accordance with
transm ssion rate of the individual channel. 5 In the first aspect, the

i ndi vi dual channel format creator may 4 ncrease the nunber of pilot synbols
which are to be inserted into one slot of the individual channel, when the
i ndi vi dual channel is transmtted using directional beans. In the first

aspect, thenhdi.vidual chapnel format 10 creator may increase the power of
the pil ot syﬁ%g*és&hggﬁgaggag ¥'be inserted into the individual channel,

when the individual trehannelr i sspsansmihbed usiig,dh " eekinaral &%[H%h I'n the
first aspect, the individual channel format creator may i1 ncrease the power
of the pil cirexyteivomsywhhahgarehe vtmathefi nger ieditvndeal hendndivi duwal
channel, when the first nobile station perforns a hand-over commrunication
with the PAGPANRRGeofFLEh (idtansgdesdent Tohe ocfakdrenhrAly h@u sl mFanrsil -f i r st
base stations which.transmt. the indivjdual _chanpels usin directional
beans tg t he fir£§ &%&:E?Eﬁﬁu%%ﬁé$é'n%€% ﬁﬂéﬁvéguﬁg 5%8988§e It nunber .
In the firstreaspechay tiR relakst + IO MU 3t 81 9 SRR §81cR Lharpel
estimator configured to perform channel estimation using the pilot synbols,
and a chankel ispgprederindonbnguslert oé thei trehi iistuseenhahaahe| whest ith@t i on

usi ng pil ot ggnbgls inserted 25 into an individual channel and channel
esti mat i on HEERYEPRT oF P2 diSs tERESPEEdef Y &1 a9 CHHRASH INadt PeRBARel , in

accordance wth Iﬁh%hgowmﬂsm<ééﬁggyﬁs§ﬁ@niggibfghal channel format
10 creator may increase the power of the pilot symbols which are
to be inserted into the individual channel, when the individual

channel is transmitted using directional beams.
In the first aspect, the individual channel format
Creator may increase the power of the pilot symbols which are
15 to be inserted into the individual channel, when the first
mobile station performs a hand-over communication with the
plurality of first base stations, and when the number of first
base stations which transmit the individual channels using
directional beams to the first mobile station is more than a

20 predetermined number.

In the first aspect, the first mobile station may comprise
a channel estimator configured to perform channel estimation
using the pilot symbols, and a channel switcher configured to
switch between channel estimation using pilot symbols inserted

into an individual channel and channel estimation using pilot

[ ]
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symbols inserted into a common pilot channel, in accordance with
the downlink transmission method.
A second aspect of the present invention is summarized

as a radio communication method comprising the steps of: (A)



A second aspect of the present invention is summarized as a radio

conmuni cati on nethod conprising the steps of: (A 10 notifying a receiving
function showing that it is possible to receive directional beans, fromthe
first nobile station which can receive directional beans to a first base
station which can receive directional 'Beans; (B) changing a format of an 5
i ndi vi dual channel which is to be transmtted using directional beans by
the first base station; (C notifying a downlink transm ssion nethod

showi ng t hag i £,861g aNad-beATR %ﬁﬁc%?or@esl?c}vfi%%s%ycep‘i B)@ goggwhg% from

the first base station to the ™ first nobile station; ransmtting the

i ndi vi dual wéraninel difeasicpdbeent| @ram beams,rsftr 9eb i he sfiarsbnb@secist at i on
to the first nobile station; and (E) perform ng channel estimation using
pi |l ot synmbdt& rASetTedirgcéirnelitmdimg ted fehanmalse swtigrohdahceamith t he
downlink transm ssion nmethod.. In the s nd_aspect, a second nohile station
whi ch canno‘fence % ec%azf?/%tlocinraelctpﬁﬁlgf; b2§ (F'rt?ﬁfpgrfd’tq f§ tlﬁ%mr‘ae%ef’ i i function
showi ng st hatnd itvilgtiah MASHAl #rin 180R) ¥E tdherkeBal 1681 +O-+ {digof i r st
base station in the step (A) ; the first base station may notify the

downl i nk t regees Su1 drhenethod shwose nge dthiatn ; nan)- digEdtyionrala beawsliane to be
transmtted in a dowlink in 20 the step (O ; the first base station may
transmt a ‘CERTEASHEPBt e MRt idovisOnghAb A i uddngiabeBBaNBI ¢ 02 e second

mobi | e st q::[f.a?l@mii[t],tgge’ 1§t eBo&Q%Ai. kt f}e 8) e%ggdf:{rpb% ! easSt g%l ggozrlm Q pﬁ%ref Or m
channel estination W th the pi o’{l Synbol s I’ nser ed3 %%t 8 £hig°" cotmon pi | ot
channel i n ftilte tshepi (Flsta22ohh e tyeaondt8sR§Ghe tRBiTEASEI Rasmnshat | on may

change the format of the individual channel, in accordance with
10 using directional beams, from the first base station to the
first mobile station: and (E) performing channel estimation
using pilot symbols inserted into the individual channel, in
accordance with the downlink transmission method.
In the second aspect, a secondmobile station which cannot
15 receive directional beams may notify the receiving function
showing that it is impossible to receive directional beams to
the first base station in the step (A): the first base station
may notify the downlink transmission method showing that
non-directional beams are to be transmitted in a downlink in
20 the step (C)}: the first base station may transmit a common pilot
channel using non-directional beams to the second mobile
station in the step (D); the second mobile station may perform
channel estimation with the pilot symbols inserted into the
common pilot channel in the step (E}.

In the second aspect, the first base station may change

12
o

the format of the individual channel, in accordance with
transmission rate of the individual channel in the step (B).
In the second aspect, the first base station may increase

the number of pilot symbols which are to be inserted into one



transm ssion rate of the individual channel in the step (B). In the second
aspect, the first base station may increase the nunber of pilot synbols
which are to be inserted into one 11 slot of the individual channel, when
the individual channel is transmtted using directional beans, in the step
(B). In the second aspect, the first base station may increase the power of
the pilot synbols which are to be inserted into 5 the individual channel
when the individual channel is transmtted using directional beans, in the

step (B). Aithi 66 @epessiefalde cREBREN yiERhE OMhdsS 1SWEBEhZRR AS s @ base
station conprising: an individual channel transmtter configured to

transmt anmangmvittdedl vehagnelrdaattieonsii ckapkl oitn 1thsysteg s(Br.e i nserted; and
an individual channel format creator configured to create a format of the
i ndi vi dual channél thPheconipgraahl tCitahiert Peskattatent BRY cHGTféSehet ween a

format of LngdLvi C I | it transmited usin
directionafﬁgegﬁgégﬁgyghF%Eﬁgg%o?ygkg?% Vi ugﬁecﬁgnﬁ%ll%§%€ﬁ$d'f%tPs to be
transm st edhysi tganenndir eehbeRal , bea®. thet he diRlikidadspeedandhe 1kase
station may conprise a downlink transm ssion nethod notifier configured to
notify a doanFnhkted arsinssiigramiohed bhews ngit hibdte ditreget(iBdnal beans or
non-di rectional beans .are to be transmtted in a dowmlink. 20 In_ the third

aspect, the indi¥idddl epRFMePT BRerdTesEndat BYe ML ASNE R M 30T At of t he
aspect . . | T nat ol

i ndi vi dual jchappely iy %8&8&9%{‘&?: ‘gAﬁ _rl(gltd&@'ﬂﬁﬂ‘hfsts&]{?&%ﬁ@f & o f1§ tndi vi dual
channel In the third aspect, the Tndividual channel format creator may

i ncrease thennugbeed afo preasmsy dolisdwhii@aarchdrmel?2dnbe wHisef pedoitnt 0 one
sl ot of the individual channel, when the

10 symbols are inserted; and an individual channel format creator
configured to create a format of the individual channel. The
individual channel format creator changes between a format of
an individual channel which is to be transmitted wusing
directional beams and a format of an individual channel which

15 is to be transmitted using non-directional beams.

In the third aspect, the base station may ccmprise a
downlink transmission method notifier configured to notify a
downlink transmission method showing that directional beams or
non-directional beams are to be transmitted in a downlink.

20 In the third aspect, the individual channel format
creator may change the format of the individual channel, in
accordance with transmission rate of the individual channel

In the third aspect, the individual channel format

creator may increase the number of pilot symbols which are to

be ingserted into one slot of the individual channel, when the

o
Qr

individuai channel is transmitted using directional beams.
In the third aspect, the individual channel format
creator may increase the power of the pilot symbols which are

to be inserted into the individual channel, when the individual



i ndi vi dual channel is transmitted using directional beanms. In the third
aspect, the individual channel format creator may increase the power of the
pil ot synbols which are to be inserted into the individual channel, when
the individual 12 channel is transmtted using directional beans. In the
third aspect, the individual channel format creator nmay increase the power
of the pilot synbols which are to be inserted into the individual channel
when a nobile 5 station perforns a hand-over comunication with a plurality
of base statdrons, iandruwhenitbed nied difrekasenatiabeams. which transmt the
i ndi vi dual channels using directional beans to the nobile station is nore
than a predet er nilRedhunbeizd paspesth &5pedmndgrvidnelprdsantli niarmaton is

cont 1 gur od SG 6 FBF IVHERE CBSRTRTT if GBFrRY 1 SPE5HBaraie Hfnt i nk
transni ssi an NgE hotkd 8GRI gl £AHd I e, 11 CqlatGea Aok NK ndansm ssion
met hod showi ng that directional beans or non-directional beans are to be

t ransm 6t ed tiat i@ndpswt d s, a anchdbpva re hammed 1 s tcchet tsanbiiguagdtya@Swi t ch

bet ween channel estimation using pilot synbols inserted into an individual
channel an®aSRarffé1t 1086i matHoe8i ridiepitugtesy ol asenseratd@ns mttel & common

pil ot chan In cordance. wi.th the downl.ink.. transm_ssion thod. 20 In
Phe T ourt n eneit s el ioRy Tt SrboRe fay S bl imes T e L e B ritet  on
notifier cebiger edatoofoid fpre e8GR W Rdeabblshi A8 Shavidld whether it is

possible to receive directional beans or not. 25

A fourth aspect of the present invention is summarized

16 as a mobile station comprising: a channel estimator configured

to perform channel estimation using pilot symbols; a downlink

transmission method receiver configured to receive a downlink

transmission method showing that directional beams or

non-directional beams are to be transmitted in a downlink; and

15 a channel switcher configured to switch between channel

estimation using pilot symbols inserted into an individual

channel and channel estimation using pilot symbols inserted

into a common pilot channel, in accordance with the downlink
transmission method.

20 In the fourth aspect, the mobile station may comprise a

receiving function notifier configured to notify a receiving

function showing whether it is possible to receive directional

beams or not.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
FIG. 1 1s a diagram for explaining a function of a base
station adopting the conventional CAAAD receiving system.

FIG. 2 is a diagram showing an example of formats of an



BRI EF DESCRI PTI ON OF THE SEVERAL VIEWS OF THE DRAWNGS FIG | is a diagram
for explaining a function of a base station adopting the conventional CAAAD
receiving system FIG 2 is a diagramshowi ng an exanple of formats of an
13 individual channel and a common pilgg channel used in the conventi onal
radi o comuni cation system FIG 3Ais di agram showi ng an exanpl e of
formats of an individual channel for | ow speed used in the conventi onal
radio 5 conmunication system FIG 3B is a diagramshow ng an exanpl e of
formats of ianiividdiavi dhahnehammela famddnghispeedhdsedl i tsédeicaneent i onal
radio conmunication system FIG 4 is a diagramillustrating a situation in
which a 1C%¥$etdraeilonadiansmminuidiatdeni gnaktedeans in a downlink in the

conventional radi0.co nication system FIG 5 is.a diagramillustrating
the entire structdfe f *5t R YA SORMHAT Gt PEATEYS S REBAHE g Fo an
embodi ment iQfa1viAGaBr&8EMe1l AVERLLOLe kPubb& 1 Brhs Rndkaglidfkh 145l ati ng
the entire structure of the radio comuni cation system according to the
enbodi mént .commliGicdtisnasfsmaii onal bl ock diagram of a first base station in

the radi o communj cation system according to the enbodinent. 20 FIG 8A is a
di agr am showi ng &RC exchpped st agpfatBOWinamn pRAPRIe U] feRBARE|°F @2 | ow

epeed U5ed 0L DB LR R LA o BIBUAT RERRAN e OE e et
for high speafuH$edtisnthestadi o

FIG. 4 is a diagram illustrating a situation in which a

1l base station transmits directiconal beams in a downlink in the
conventional radio communication system.

FIG. 5 is a diagram illustrating the entire structure of
the radio communication systém according to an embodiment of
the present invention.

15 FIG. 6 is a diagram illustrating the entire structure of
the radio communication system according to the embodiment.

¥IG., 7 is a functicnal block diagram of a first base
station in the radio communication system according to the
embodiment.

20 FIG. 8A is a diagram showing an example of formats of an
individual channel for low speed used in the radio communication
system according to the embodiment.

FIG. 8B is a diagram showing an example of formats of an
individual channel for high speed used in the radio

25 communication system according to the embodiment.

FIG. 9 is a functional block diagram of a first mobile
station in the radio communication system according to the
embodiment.

FIG. 10 is a flowchart illiustrating the operation of the



25 conmmuni cati on system according to the enbodinent. FIG 9 is a functional
bl ock diagramof a first nobile station in the radio comrunication system
according to the enbodinent. FIG 10 is a flowhart illustrating the
operation of the 14 radi o comruni cati on system according to the enbodi nent.
FIG 11 is a diagramillustrating a sitlfation in which a nobile station
notifies a receiving function to a base station in the radio comrunication
system according to the enbodinent. 5 FIG 12 is a diagramillustrating a

situation | Bahb Clotdih RA8G ob abl0BnNOLELL £5, @ COWH D baNSHLSST on met hod

to the nobile station in the radio communication systemaccording to the
enbodi ment. FI G FII3:. dlaidi agd paddnl UStnatiragiag Sk taatiaan dnn iwhivehch 10 t he
base station transmits an individual channel using directional beans to the
nobi | e st at RERPHA St et trigdi B0t EoirfuRinemeiion ngyEtrathiaccor dibape staheon

enbodi nent . . Fl 4A. 1 s, a diagram show n n exanple of formats of an

i ndi vi dual ¢ é%%%%aééﬁ ﬁ?ﬁ%ugﬁggglﬂgégsﬁﬁg&%ﬁF? IH% 18 WunfAlRPEATEBh: syst em
accordimg to a fipmd. MRdifiLatiQran Eh@us%fgtiﬁgaa(y'a:%ra%moﬁhQW 91 &0 exanpl e
of formats of an individual channel used in the radio communi catlon system
accor di ng tohebaeeorithtnimoi ivtafiena Fdwdlithk tsamsmli Agioahshion rg ame exanpl e
of formats of an 20 individual channel used in the radi o comunication
system accdbrdiify St AR et identaiie CaTER 1cBETARLED BESERFPTHONS O THE

I NVENTI ON 25, <A gfiigysation of a radi o communication system according to

FIG. 13 is a diagram illustrating a situation in which
10 the base station transmits an individual channel using
directional beams to the mobile station in the radio
communication system according to the embodiment.
FIG. 14A is a diagram showing an example of formats of
an indiyidual channel for low speed used in the radio
15 communication system according to a first modification.
FIG. 14B is a diagram showing an example of formats of
an individual channel used in the radio communication system
daccording to a second modification.
FIG. 15 is a diagram showing an example of formats of an
20 individual channel used in the radio communication system

according to a second modification.

DETAILED DESCRIPTION OF THE INVENTION

| Gl
()]

<A configuration of a radio communication system according to
an embodiment of the present invention)

Referring to FIG. 5 to FIG. 9, a configuration of a radio
communication system according to an embodiment of the present

invention will be explained.



an enbodi rent of the present invention> Referring to FIG 5 to FIG 9, a
configuration of a radio communication system according to an enbodi nent of
the present invention will be explained. 15 As showmm FIG 5 and FIG 6, the
radi o comuni cati on system according to the enbodi nent conprises a first
base station 10a, a second base statioh® 10b, a first nobile station 30a and
a second nobile station 30b. The first base station 10a can transmt 5 and
recei ve directional beans, and the second base station 10a cannot transmt
and receive direcii anglned®s JJRe-f4 rgt bile.station.can. receiye
directional beams, and the secon rm'b;éfeg%lé ?%)%08'%"% c?g%%l?\§gs FPect i onal
beams. FI G abcshdinsg aosthalatiboninen iicshrikesfd FstsbaseStali o 189 10a and
the second base station |ob are mxed. The first base station 10a nmanages a
radi o commufliTRTIP e ht dt P éfP . achirsitondmglsettbisn BaatamdBasethadsecond
base statiop nages radj,0 comunication within a cell consisting
sectors |Ib tg%gl'b)f.e né'atl%ngoﬁl Eﬁ& gf"he( He 5 SFSRoBFREIQR ati%FaB0ATBRFRSENS a
hand- oves wahh ddie ifel 8f rddstoiabbofs 108 ARfe! hase ; 5t apLon 10b.
The first base station 10a transmts £fil'rac&ilalo esglbgcn%%c%%ei%%ﬁ\}lo ugéachannel)
usi ng a diresthonalrdeamtSantioretbevéi d sted®ibid A, ssdadlsi, onrdDae ipx+a downl i nk,
and the second base 20 station 10b transmits a radio signal (an individual
channel ) UBPRY % STGHL47T €8R| Bors i e airels tionahebéanst amsbithe seatadn 30a
in a dowlipk. ;fl Gy ;800 ituation in which the first nobile station
30a and the se%:ong;l r?%ﬁ?’pe\é,sgpg??oﬁe%%ﬁvear gl hal beams

FIG. 5 shows a situation in which the first base station

10 10a and the second base station 10b are mixed. The first base
station 10a manages a radio communication within a cell
consistingsectorsla1x)3a,thesecondbasestation10bnmnages
a radio communication within a cell consisting sectors 1b to
3b.

15 In FIG. 5, the first mobile station 30a performs a
hand-over with the first base station 10a and the second base
station 10b. The first base station 10a transmits a radio
signal (an individual channel) using a directional beam 5a to
the first mobile station 30a in a downlink, and the second base

20 station 10b transmits a radio signal (an individual channel)
using a non-directional beam 6b to the first mobile station 30a
in a downlink,

FIG. 6 shows a situation in which the first mobile station
30a and the second mobile station 30b are mixed.

in FIG. 6, the first base station 10a transmits a radio

[
o

signal (an individual channel) using a directional beam 5a to
thefirstnmbilestation30ajjladownlink,andtransmiﬁ;aradio
signal (an individual channel) using a non-directional beam 5b

to the second mobile station 30b in a downlink. The second base



25 In FIG 6, the first base station 10a transmts a radio signal (an

i ndi vidual channel) using a directional beam5a to the first nobile station
30a in a dowlink, and transmts a radio signal (an individual channel)
using a non-directional beam5b to the second nobile station 30b in a
downl i nk. The second base 166 station 16b transmits a radio signal (an

i ndi vidual channel) wusing a non-directional beam 6b to the second nobile

station 30b in a dommlink FIG 7 shows a functional block of the first
base st 10a conprlses a

base statio Oy FI G. 7,. the n
recei ving f%nc%%nn nof?’ |83Itn%55n b A ﬁégﬁﬁ#t lilnéilﬁl %8139 ghannet)
controlllnguﬂﬂuﬁzﬂ%onadg9é6££@%aiﬁﬁﬂﬁﬂ%%santﬂ@tQQQnuﬁQ%bﬁib”9t&9+5n13 an

i ndi vi dual channel format creating unit 14, an individual channe
transnlttanOMnutEﬂ@oamdlakconnnn 10 pilot channel transnmitting unit 16, as

functions relatln% the present invention. The receiving function
notification recémfi-ng SBAWE @qunc\%PEﬁll%l%n%%&tb@df%%s‘i e sgi $eat cdrannel

Che firer T bl a T A a08 BI° (HETebBna MBI LA FORPEOR dh (o |

the first 15 nobi a or ¢ “secon

transmt thEdéﬂﬂﬂm@ E@nﬁ%ﬁ@hlﬁBtEQl&Q?i&ﬂlf%cé&¥5H§iunf%“ﬂﬂWﬂA'ﬂﬁhégnt 12.
The receiving function shows whether it 1is possible to receive directional

beans or ruﬁhaﬁﬂﬁé EPE@FOéhénmemntINEZxﬂd|dqymlnmk tPansmtonnecteek el t he 20
receiving function notjfication receiving unit 11, the downlink

t ransni ssi oY metHEd H%%Ffﬁﬁ'nénuhﬁql?ﬁﬂﬂaﬁhéhPﬂﬂ?%lﬁﬂﬁﬂatcﬁﬁﬂﬁﬁiégf%ﬂ%ﬁat
creating unid, 14 and;\heucPMpih i AlraCAI0Rlnk" BRRET 14106 Widorkln The

pil ot channel controlling un
10 pilot channel transmlttlng unit 16, as functions relating to

the present invention.
The receiving function notification receiving unit 11,
which is connected to the pilot channel controlling unit 12,
is configured to a receiving function transmitted from the first
15 mobile station 30a or the second mobile station 30b, and to
transmit the receiving function to the pilot channel
controlling unit 12. The receiving function shows whether it
is possible to receive directional beams or not.
The pilot channel controlling unit 12 is connected to the
20 receiving functionnotification receivingunit 11, the downlink
transmission method notifying unit 13, the individual channel
format creating unit 14 and the common pilot channel
transmitting unit 16. The pilot channel controliing unit 12

is configured to control the downlink transmission method

o]
h

notifying unit 13, the individual channel format creating unit
14 and the common pilot channel transmitting unit 16.

To be more specific, the pilot channel controlling unit
12 determines to transmit the individual channel using

directional beams or non-directional beams, in accordance with



is configured to control the downlink transm ssion nethod 25 notifying unit
13, the individual channel format creating unit 14 and the common pil ot
channel transmitting unit 16. To be nore specific, the pilot channel
controlling unit 12 determines to transmt the individual channel using
directional beans or non-directional beans, in accordance with 17 the

recei ving function received fromthe receiving function notification

receiving unit 11, and notifies the result of the determnation to the
downl i nk trapgm.ssLon; pethod notifying unit 13 and the individual channel
format creating u%%?{]ig& gunlchtelo& Il)étcegﬁﬁﬁngf"o’éoﬁ@? of¢Geg’ it tfwr tilost r uct s
the nmethodnbatrisseldhnddele iRl @S 0 [lengerting cycle, an

i nserting position and so on) ltg t he %%i%?%&%ﬁlgﬁgﬁn@e %8??%3? °LtB&ting
unit 14 andSekersommbhopitottehaonell 1 hkapsahéhi §6 dide g %%ﬂ%giﬂg"‘“' I nk
transm ssion_nethod notifying unit 13, which 1is connected to t prl ot

channel cont'PofI thgifhithel Andiyidaanf Phaneel t Dot foreata ngdawali nk .
|l e station 30, in accordance with the

transm sgi on net hed' 1.9 th nobi >
result of the deter r%l(nlgtti %ﬁaPPS‘lhs%‘i”%’i%%l“f%%% g2l df:sErBAREI thont rol | i ng
15 unit 12 mdtieod@wrl imke ¢ B0 WhaSi 0N+ D . t..directional beans
or non-directional beans arﬂéﬂ%{so b?l t ran%mgtg%ggkoa:q{rs]l}ég ownt ¥ fZCrean

i ndi vi dual th¥tieind ppraticr eatd ng wmi tolthe Whiiekiiiga1 comngehedobpaf he pil ot
channel control.l.i r!%g%uni t 12 and the 20 individual channel transmtting unit

15, is configuredd 8P+t réated dhegiqmmtoropiint chadingil dusdn sohiarmielg, uihe

i ndi vi dual ©hannel format creating unit 14 is

10 ThedownlinktransmissionmethodnotifyingunitlB,which
is connected to the pilot channel controlling unit 12, is
configured to notify the "downlink transmission method" to the
mobile station 30, in accordance with the result of the
determination transmitted from the pilot channel controlling

15 unit 12. The downlink transmission method shows that
directional beams or non-directional beams are to be
transmitted in a downlink.

The individual channel format creating unit 14, which is
connected to the pilot channel controlling unit 12 and the

20 individual channel transmitting unit 15, is configured to
Create a format of the individual channel.

The individual channel format creating unit 14 is
configured to change the format of the individual channel, when
the result of the determination transmitted from the pilot

25  channel controlling unit 12 shows that the individual channels
are transmitted using directional beams.

The individual channel format creating unit 14 may change
the format of the individual channel in accordance with

transmission rate of the individual channel, when the



configured to change the format of the individual channel, when the result
of the determnation transmtted fromthe pilot 25 channel controlling unit
12 shows that the individual channels are transmtted using directional
beans. The individual channel format creating unit 14 may change the fornmat
of the individual channel in accordancé3with transnmission rate of the

i ndi vi dual channel, when the 18 individual channel is transmtted using
directional beanms. To be nore specific, the individual channel fornat

creating unidgslA dus1Cenbhaul eds t@:&tﬁ&&ecetdh%saagﬁairgéti&%l igichnd dual

channel for |ow speed, by increasing the nunber of 5 pilot synbols which
are to be insert&d batowonaessdifiof, tthe iindividual channel Hfomadtow speed,
when the individual channel is transmtted using directional beans, and

when the ﬁF&ﬁ§ﬁP§SPBﬁtréﬁei%fCQWﬁ?QWﬁﬁ@H?@u&Paéﬁﬁnﬁ%? FRIeRT iHedtds "1 ow
speed". 10 Fc?q\,ﬁl%éaih%v\g% I, %%rr}go ofeetéﬁebfyﬁr ML, .0 Jtng %PI ndlln}ﬂ/é)dualf channel

for | ow spee OWS "an exa e df orna 7hidi Vi dual

channel sf orphicgh ssRe8ds A8i showwk RGHSBANsERk c8X2APS Eond h@ldﬁ"‘dﬂf\“t@ﬂéa'
channel format creating unit 14 increases the nunber of pilot synbols 15

whi ch are tiedigidpsért¢lahnalt doonkow|sgieedf, whenitidi vnddakdecahrmisgdnneflor | ow
speed, from"NL p" to "NL P+Np add" The i ndividual channel format creating
unit 14 may-Schan émlFﬁ“éde?h‘h‘i B aid oPRdi YEAUSF BRANMRE™ '8 hi gh speed, by

| nor easi ng e Ruubepn ala il Lote Ry Thgl s, ubLENALBEL O Dednsgnl ed 20y nto one

sl ot of the individua annel hen i vi dual” channel
is transm tsipeedusi ng di rectl onal beam;

10 FIG. 8A shows an example of the format of the individual
channel for low speed, FIG. 8B shows an example of the format
of the individual channel for high speed.

As shown FIG. 8A, for example, the individual channel
format creating unit 14 increases the number of pilot symbols

15  which are to be inserted into one slot of the individual channel
for low speed, from "N " to "Np p+Np aga”

The individual channel format creating unit 14 may change
the format of the individual channel for high speed, by
increasing the number of pilot symbols which are to be inserted

20  into one slot of the individual channel for high speed, when
the individual channel is transmitted using directional beams,
and when the transmissicn rate of the individual channel is
defined as "high speed".

In this case, the number of pilot symbols which are

increased in the individual channel for high speed is set as

]
Dt

smaller than the number of pilot symbols which are increased
in the individual channel for low speed.
The total power of the pilot symbols in the individual

channel for high speed is larger than the total power of the



and when the transmi ssion rate of the individual channel is defined as
"hi gh speed". In this case, the nunber of pilot synbols which are 25
increased in the individual channel for high speed is set as smaller than
t he nunber of pilot synbols which are increased in the individual channel
for 1ow speed. The total power of the pPlot synbols in the individual
channel for high speed is larger than the total power of the 1.9 pil ot
synbol s in the individual channel for |ow speed, so that the individual

channel f OrgialoiCLeabb g unthe Lihdmudiah Ch e EQrdpte 0f sbhgydndi vi dual
channel for high speed, when the individual channel 1stransmtted using

di rectionalttxeamivatdad adagmeilhecthansidesdiony taie 0f mafenbodivdrcieal
channel is defined as "high speed". The individual channel transmtting
unit 15, whitéhipsmagopinddeedntoviteal mdiapngdaf ot makielsPeeémather ddis ng unit

14, is confj u&g% o.transmt .the in%ividual caanne .into. which tQF 10

pi | ot symbot™s CHsEITEE 1t b5 (HETFBBTTE AT DA 3B -4t REFUF d Y channel

tr ansrrj Bt RghaiNide 3E§a5§m§9£'£519l¥a%@ of Qh(erﬁrﬂﬁrﬁithallecﬁMéfi ;dLH?éeiCif}?éH"m usi ng
directional beans or non-directional beanms, in accordance with the result

of a deteras rtatigbnspyeéhe pil ot channel controlling unit 12. 15 The conmon
pilot channel transmtting unit 16, which is connected to the pilot channel
control ling unitThe, IPpS1viBH gidedeto trasert tEhed pitbt Synty&i€hi Afo t he

common pi | by hehanRelo |11 A9604an0e AL dsRUeLLan, fr amihe i | of
channel controllTing 0 %2,"°¢0as to PP ANei T Re Confon %I ot channe
to the nobiilsecst@iddeBOo transmit the individual channel into which the
10 pilot symbols are inserted to the mobile staticn 30.
The individual channel transmitting unit 15 is configured
to transmit the individual channel using directional beams or
non-directional beams, 1n accordance with the result of a
determination by the pilot channel controlling unit 12.
id The common pilot channel transmitting unit 16, which is
connected to the pilet channel contrelling unit 12, is
configured to insert the pilot symbols into the common pilot
channel in accordance with the instruction from the pilot
channel controlling unit 12, so as to transmit the common pilot
20 channel to the mohile station 30.
As shown FIG. 9, the mobile station 30 is configured with
a receiving function notifying unit 31, a downlink transmission
method receiving unit 32, an individual channel receiving unit

33, a common pilot channel receiving unit 34, a channel

switching unit 35, &a channel estimating unit 36 and a

(8]
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reproducing unit 37.
The receiving function notifying unit 31 is configured
to notify a receiving function to the base station 10. The

receiving function shows whether if is possible to receive



As shown FIG 9, the nobile station 30 is configured with a receiving
function notifying unit 31, a downlink transm ssion nethod receiving unit
32, an individual channel receiving unit 33, a common pilot channel
receiving unit 34, a channel 25 switching unit 35, a channel estimating unit
36 and a reproducing unit 37. The recé?ving function notifying unit 31 is
configured to notify a receiving function to the base station 10. The

recei ving function shows whether it is possible to receive 20 directional

beans or niireHQ oh@Geb¥kig sxinedd on notifying unit 31 can transmt the
receiving function showing that it is inpossible to receive directional

beans, when the Fbbitesssitvanigofu8t raviegl fy fnmobi b i5cef trepsmiitnghe

di rectional beanms cannot receive directional beans for_sone reason at this
time, or V\Hé‘?FetltYénﬁDSPP@t%?%f[?W%sﬂfaﬁo_ﬂthé%l’ép?ﬁﬁ%?%%n?%fr?%ep]e‘f%i ng
di rect | onalq Aeans.o The, dann Lbky Whangsl S8l 082 FRLAAY KECElybNeuditi oB2, whi ch

is connected to the channel” switching uni I's configured 10 to receive

t he downl i i +&easwimsi onedeidiod beom thenbasecstiakidinrel}ioand heansnm t the
downlink transm ssion nmethod to the channel switching unit 35. The
i ndi vi dual fiasrek rexsdwviatgthhstt B3 . whii ghensthe ehddeedteblphcd@rannel

swtching unit 35, is_configured to 15 receive the |ndividual channel from
the base stHth &FVE02 SHBCH+AMsH tT 997 ViR F585F18ﬂ3%2%?aT%'the channel

switching unit  3Be qHRM11AM M AUA: SCRBANGRI HoRCAL M G dinhh 1 832Camigcel ve the
i ndi vi dual channel transmtted fromthe base station 10 using directional
beans and nencdnheetédnad thearmannel switching unit 35, is configured

10 to receive the downlink transmission method from the base
station 10, and transmit the downlink transmission method to
the channel switching unit 35.

The individual channel receiving unit 33, which is
connected to the channel switching unit 35, is configured to

15 receive the individual channel from the base station 10, and
transmit the individual channel to the channel switching unit
35. The individual channel receiving unit 33 can receive the
individual channel transmitted from the base station 10 using
directional beams and non-directional beams.

20 The common pilot channel receiving unit 34, which is
connected to the channel switching unit 35, is configured to
receive the common pilot channel from the base station 10, and
transmit the common pilot channel to the channel switching unit
35.

25 The channel switchingunit 35 is connected to the downlink
transmission method receiving unit 32, the individual channel
receiving unit 33 and the common pilot channel receiving unit
34. The channel switching unit 35 is configured to switch

between channel estimation using pilot symbols inserted into



20 The common pilot channel receiving unit 34, which is connected to the
channel switching unit 35, is configured to receive the comon pil ot

channel fromthe base station 10, and transmt the common pilot channel to
t he channel switching unit 35. 25 The channel switching unit 35 is
connected to the downlink transm ssionzZiethod receiving unit 32, the

i ndi vi dual channel receiving unit 33 and the common pil ot channel receiving
unit 34. The channel switching unit 35 is configured to switch between

channel esﬂrﬁ%ﬂahggaﬁﬁéf%rg#n%ﬁ g¥a %{xj%ée”i%%rendtﬂ@ti%d%%i ﬂaﬂ”&%a‘{i dual

channel transmt rom the 1 ndr Vi channel T ecerving uni and

channel estddmdivamgushng Pt lnia eHERAES csPBRLL £Gh WAl gapcoHTRNMIda channel
transmtted fromthe common pilot channel receiving unit 34, 1 n accordance
wi th the dowdentledsitraasmmeengn gt dioghtelansan$mededd 6Snom héedowmdmk
transm ssion _ nethod receiving unit 32. To be nore specific,_ the channel

swi t chi ng dhitP S5 arpaeF araesidbupet £dr Mt RECeREAHE Wekhithatd UM Mintkh t he

pilof synhals bnseited o Lhe d ol dual, shanisl when e, chamnel 10

swi tching unit receives the dowlin ransim ssion et oW ng t hat

t he i ndi vi disgglhoghaeaelvisgteansmited using directional beans, and
transmts the result of the determnation to the channel estinmating unit

36. On the ot her Thahd, metre sirmiddlc.swhechhagnehi swBEHHmdemndtniddes t o

erformth hannel estinmatjon with the pilot  synbols inserted into the
comon pi | GETEREAREF. SReNSTHETE Hat ShangRi SR ABELRTR WEHTE dd Ped Ot he

??Qﬂ'sh{‘i‘t L E%@Eg%gsmgbﬁﬁl’émqtosmaﬁi'ﬁgai%%ha&h&émlvkﬂgﬂ' £k UM 1S
10 switching unit 35 receives the downlink transmission method
showing that the individual channel is transmitted using

directional beams, and transmits the result of the
determination to the channel estimating unit 36.
On the other hand, the channel switching unit 35

15 determines to perform the channel estimation with the pilot
symbols inserted into the common pilot channel when the channel
switching unit 35 receives the downlink transmission method
showing that the individual channel is transmitted using
non-directional beams, and transmits the result of the

20 determination to the channel estimating unit 36.

The channel estimating unit 36, which is connected to the
channel switching unit 35 and the reproducing unit 37, is
configured to perform the channel estimation with the pilot
symbols.

25 To be more specific, the channel estimating unit 36 is
configured to perform the channel estimation with the pilot
symbols inserted into the individual channel or the common pilot

channel, in accordance with the result of the determination £rom

the channel switching unit 35.



non-di rectional beans, and transmts the result of the 20 determ nation to
the channel estimating unit 36. The channel estimating unit 36, which is
connected to the channel switching unit 35 and the reproducing unit 37, is
configured to performthe channel estimation with the pilot synbols. 25 To
be nore specific, the channel estimati®g unit 36 is configured to perform
the channel estimation with the pilot synbols inserted into the individual
channel or the comon pilot channel, in accordance with the result of the

determinati on from, the:chapnel s chj ng,unit 135 The reproduging unit 37

which is connected to |nd+v ual™ channel” recerving Uhi t° 33'%And the

channel estim@ivitgialuthdnrdb, réSe COMd gHEEB T @n@&lﬂi@déﬂa?ﬁr%laagtm@fﬂ%lce the
transmtted data fromthe data synbols included in the 5 individual channel
recei ved byutte 36ndil¢i daafichaedete rémmidrlage amidt r8Brodme¢agtiidie channel
estimation value tr t he channel. estimating unit 36. <An

itt f
operation of* Etnr?é"lrt&gaz%%ﬁﬁ'gﬁ?rﬁg&?%ﬁjas%tséﬁbé’&éoﬁwﬁﬁd?g inotR%e enbodi nent
> Referri ng 4 Fila@a11GardRg P@ﬁﬁé@ﬁ%@ke i edlcfi :R(s%l OJHH'érl' 5%%%%@'5'[ em

according to the enbodi nent w escri own 1n in step
601, the receitviddg fisineg ik chanheli éytngatidd huef tthesnobiée station 30
notifies the receiving function show ng whether it is possible to receive

di recti onaltfe&Rgrned eabimasEnGuHtitor60. FIG 11 shows the situation in
which the step 601 is perfornmed. Is step 602, the pilot channel controlling
unit 12 of the

<An operation of the radio communication system according to

10 the embodiment >
Referring to FIG. 10, the operation of the radio
communication system according to the embodiment will be
described.
As shown in FIG. 10, in step 601, the receiving function
15 notifying unit 31 of the mobile station 30 notifies the
receiving function showing whether it is possible to receive
directional beams, to the base station 10. FIG. 11 shows the
situation in which the step 601 is performed.
Is step 602, the pilot channel controlling unit 12 of the
20 base station 10 judges whether the receiving function received
via the receiving function notification receivingunit 11 shows
that it is possible to receive directional beams or not.
If the receiving function shows that it is possible to

receive directicnal beams, the individual channel format

b2
<

Ccreating unit 14 of the base station 10 changes the format of
the individual channel in step 603, and the downlink
transmission method notifying unit 13 notifies the downlink
transmission method showing that the individual channel is

transmitted using directional beams to the mobile station 30



20 base station 10 judges whether the receiving function received via the
receiving function notification receiving unit 11 shows that it is possible
to receive directional beans or not. If the receiving function shows that it
is possible to receive directional beans, the individual channel format 25
creating unit 14 of the base station 1@3 changes the format of the

i ndi vidual channel in step 603, and the downlink transm ssion nethod

notifying unit 13 notifies the downlink transm ssion nmethod show ng that
beans to the nobile

the i ndivi dpal, I m t d usi_ng. directional

station 30 TassEBof 8. T 14500, n3 tBRe dab Ton RAChAiEn Sthe Slbp 804

is perfornets feafrxaipl e, the individual channel format creating unit 14
changes the format of the individual channel, by increasing 5 the nunber of
pil ot synbol s whiFelr esaniie behe nseriveduantandiiel Foghyt dbakbtehannelt I n step

605, the |nd|V|duaI channel transmtting unit 15 transmts the individual

channel to thE"ADBBRF &1& SPTBAL 36 e ig digiidecdi eaindeaby. it Easinighows t he
channel

situatiagn i h t 0 rfor

SMAtChI%g J%F¥Qg@98%t§$ﬁ%%éﬁlggmg g?féhﬁﬁ ﬁgegﬁ%ﬁﬁéﬂn§§F ﬁgt??ﬁPvﬁ * the
pi |l ot synbalmiivisestedhahhb D, t he |nd|V|duaI channel in accordance with the
downlink transm ssion nethod received by the downlink transm ssion 15

met hod recei vi nglariterB805arthe hedohaduel ceashineght §ran anittt 136G upet f1er ns t he

channel estlnatlon wi.th the 5$|Ot synbols inserted_ into the individual
channel red&VERTE§ ifelPAGY ‘éﬁﬂthEHHﬁ%é?lo theaebiilgs b tom30iusi@dcor dance

with the reswbbtbnbNed8her MeRALT 98- crows the situation in which the

10 step 605 is performed.

In step 606, the channel switching unit 35 determines to
perform the channel estimation with the pilot symbols inserted
into the individual channel in accordance with the downlink
transmission method received by the downlink transmission

15 method receiving unit 32, and the channel estimating unit 36
performs the channel estimation with the pilot symbols inserted
into the individual channel received by the individual channel
recelving unit 33 in accordance with the result of the
determination.

20 On the other hand, if the receiving function shows that
it is impossible to receive directional beams, the downlink
transmission method notifying unit 13 of the base station 10
notifies the downlink transmission method showing that the

individual channel is transmitted using non-directional beams

[ ]
or

to the mobile station 30 in step 607.

In step 608, the individual channel transmitting unit 15
of the base station 10 transmits the individual channel to the
mobile station 30 using directional beams, and the common pllot

channel transmitting unit 16 of the base station 10 transmits



20 On the other hand, if the receiving function shows that it is inpossible
to receive directional beans, the downlink transm ssion nethod notifying
unit 13 of the base station 10 notifies the downlink transm ssion nethod
show ng that the individual channel ig transmtted using non-directional
beans 25 to the nobile station 30 in st%p 607. In step 608, the individual
channel transmtting unit 15 of the base station 10 transmts the

i ndi vi dual channel to the nobile station 30 using directional beans, and

the common pid @ommeRapnebt t s@drgd 1t tion@ndninbb16e 0f + & heohase wiatd on 10
transmts 24 the comon pilot channel to the nobile station 30 using

non-di r ect nemaldipbeatsonsh B¢@awps.609, the channel switching unit 35 of the
nobile station 30 deternm nes to performthe channel estinmation with 5 the

pi l ot synbol s i nEBri%e FhPo tHe CEERRABA PTG ICRaRRLF 15 C4cthf dfcewi th the
downl i nk {13R37455% 9N STl HhJLEE! YErl Do dfae AQMALNKs L peiPs)sam et hod

receiving unit channef "estimating unit 36 perforns the channe
estimat bon tiet Biibhesphbols s ted Asebt edei BbEmbMEp CIMWhaMneat ighannel 10
recei ved by the individual channel receiving unit 33 in accordance with the
result of tleoddnereai whth dike Bawsiépk 6N sHe sigpr pdteP @ gradd 1vedy bvepr oduces
t he -transn%;tgd d%ta fromthe data s¥nbgls i ncluded in tgF rE%ﬁfﬁ\éidual
channel , udiffigPHBIERANHEI TREHEN BETO8FUES I8 Y TR H LT etf f tR& channel
estinati nch@?he%@stﬁﬁﬁQ&h{g%@@@’ plrEechs 19 LS &0LQLERATYOL GALKLON system

according to the enbodi nent > The radi o communi cation system according to
t he the pilot symbols inserted into the common pilet channel

10  received by the individual channel receiving unit 33 in
accordance with the result of the determination.
In step 610, the reproducing unit 37 reproduces the
transmitted data from the data symbols included in the
individual channel, using the channel estimation value

15 transmitted from the channel estimating unit 36.

<Functions and effects of the radio communication system
according to the embodiment >
The radic communication system according te the
20 embodiment allows the individual channel format creating unit
14 to change between a format of an individual channel
transmitted using directional beams and a format of an
individual channel transmitted using non-directional beams, so

as to improve the accuracy of channel estimation with the

25 individual channel transmitted from the base station 10 using
directional beams.

The radio communication system according to the
embodiment allows the downlink transmission method notifyving

unit 13 to notify the downlink transmission method, so that the



20 enbodi nent all ows the individual channel format creating unit 14 to
change between a format of an individual channel transmtted using
directional beanms and a format of an individual channel transmtted using
non-directi onal beans, so as to inprove the accuracy of channel estinmation
with the 25 individual channel transmixed fromthe base station 10 using
directional beans. The radi o communi cati on system according to the

enbodi ment all ows the downlink transm ssion nmethod notifying unit 13 to
SO t i.le station 30 which

notify the nl [ nk. t.ransm.ssion nethod, at the no

can recei veﬂgﬁg%%t%(toanta ou lr)glga“ﬁ%lé&?acs% re\ﬂ‘?étvﬁealﬁ??ﬁﬁ?? AW EaFE2EPE to be
transmttedwostROt dirat Al bBKmkNafEVaHCS. 'g—lt'kﬁlsrnﬁ_cgt%dcgmeitc?ﬁign system
according to the 5 enbodi nent allows the receiving function notifying unit
31 to notiflgwehienk eigeiadvegrcfeuncti on of each nobile station 30 to the base
station 10, so that the base station 10 can judge whether directional beans
or non-di recti ondit®&Ae Os FETHNEN baa t +efh sy %t aceosaénInbpi teestati on 30. 10

The radip c j.cati t ccor.di.n o the enbodinent all t he

i ndi vi duée)ll %ﬂanneﬁ%ﬂog%ﬁxgr% %ﬁﬁeﬁﬁil g é%?%o&gﬁgégyﬁggf%%g\ﬁi °the

i ndi vi dual sdanfeknienr8660F daNeanch bh J4 BRSHI B Ok 3ke:6h 3@ Adh vi dual
channel, so as to inprove the accuracy of channel estinmation with pil ot
synbol s 15t @teadonnt ®. tsrethatitiedbakechiaanisdn flor cdow sipecdhe fer r adi o
comuni cat i cording to the enbodinent allows the individual

n_system.a § )
channel for eﬁ}é:rl@%lnée&ﬁ‘?t OT 1200 A} TR SRk R aRgnBEPUSE PPl ot synbol s
whi ch are tordfsmit1Se 4t8dehbbhondff &' Ya@fod N 1 ndividual channel

transmtted
10 The radio communication system according to the

embodiment allows the individual channel format creating unit
14 to change the format of the individual channel in accordance
with transmission rate of the individual channel, so as to
improve the accuracy of channel estimation with pilot symbols
15 inserted into the individual channel for low speed.
The radio communication system according to the
embodiment allows the individual channel format creating unit
14 to increase the number of pilot symbols which are to be
inserted into one slot of the individual channel transmitted
20 using directional beams, so as to improve the accuracy of
channel estimation with pilot symbols inserted into the
individual channel whose power is less than the power of the

pilot symbols inserted into the common pilot channel.

<A modification 1>

to
n

The present invention is not limited to the above
embodiment, and the format of the individual channel which can
be changed by the individual channel format creating unit 14

can be configured according to the format shown in FIG. 14A and



20 using directional beanms, so as to inprove the accuracy of channel
estimation with pilot synbols inserted into the individual channel whose
power is |ess than the power of the pilot synbols inserted into the conmon
pil ot channel. 25 <A nodification 1> The present invention is not limted to
t he above enbodinent, and the format @b the individual channel which can

be changed by the individual channel format creating unit 14 can be
configured according to the format shown in FIG 14A and 96 FIG 14B. In

ot her word ér1 iEpdividuaI channel format creating wunit 14 of the base
station 10 ‘accordirg to the nodification is configured to change the format

of the individuakchappel,ds Ok pkOYLS f&{lapychﬂath}%ga% %a]&h%ﬂanne gOf the

pil ot synbols which are to be inserted into the individua for | ow
speed, whemittha i ndi vheusdsecrannebni sotdensmidedocushaonédiecddtona  beans,
and when the transm ssion rate of the individual channel is defined as "|ow
speed". 10 ‘A cornfigushdvke ahanggnphe Sprmde dlorthet iofivhéuihdihardusl

channel _for. | ow speed nd, FI G 14B shows an le_of the format . of the
ndi vi dial CRanRErPEGP - g SRasd AP RBURE o RIGP L 19ASHIOSL SN o, 1t he

i ndi vi dual ghanpebe frfFRlbaCERRL 1ML YRl v14uaddsh siOWeb0f by Sled the
power of the 15 pilot synbols which are to be inserted into the 1ndividual

channel f omwHeowtbperddisiotdiatchtheepoivert ofndntia tpidl ot isynditesctiahadincr eased

to M tinmes as large as the 1l?ower of the data s%/rrbolls.. The i ndi vi dual
channel fof@MScrift WRED U1 t1ansHals SHhgete ifethe dngd vafuphehandiadi dual

channel fOEé“d@@iﬁBﬁegs bybw speed” .

10 FIG. 14A shows an example of the format of the individual
channel for low speed, and FIG. 14B shows an example ¢f the format
of the individual channel for high speed.

As shown in FIG. 14A, for example, the individual channel
format creating unit 14 adds a power offset to the power of the

15 pilot symbols which are to be inserted into the individual
channel for low speed, so that the power of the pilot symbols
is increased to M-times as large as the power of the data symbols.

The individual channel format creating unit 14 may change
the format of the individual channel for high speed, by

20  increasing the power of the pilot symbols which are to be
inserted into the individual channel for high speed, when the
individual channel is transmitted using directional beams, and
when the transmission rate of the individual channel is defined
as "high speed".

25 In this case, the power of the pilot symbols which is
increased in the individual channel for high speed is set as
less than the power of the pilot symbols which is increased in
the individual channel for low speed.

The total power of the pilot symbols in the individual



20 increasing the power of the pilot synbols which are to be inserted into
t he individual channel f or high speed, when the individual channel is
transmtted using directional beans, and when the transm ssion rate of the
i ndi vi dual channel is defined as "high speed". 25 In this case, the power
of the pilot synbols which is increasé&d in the individual channel for high
speed is set as |less than the power of the pilot synbols which is increased
-in the individual channel for |ow speed. The total power of the pilot

synbol S 4 n, i pdivi | . -L.2) channgl faor._ high speed is larger than
the total poﬁﬁ?ﬁﬁf%gﬁeh9§?|%Re%%ﬁ%%ﬁéfﬁﬁftfkﬁ?rﬁﬁ%néiﬁﬁi BR¥AREPT Tt | ow
speed, so thtot theponding dual i chiannelaif Ok aRte £1:0a1 i 89 Yidq 14,8y, not
change the format of the individual channel f or high speed, when the 5

i ndi vi dual Citadndividuat atsminetlefousangdiatany onat bears, nabdchahen t he
transnissiqﬂuggte o{ %ge i ndi vidual channel is defined as "high speed". The
radi o communi®aPTBat Sfst&m ARELY U TR CHerRel foritidntrerdl @henpvidie he

i ndi vi dyal iGlggrigl, B, S i i1..14 to_increase the power of the
pilot symbols whi cﬁig{e to ggittr%glrs{“é tEhs i eéH%‘E“o‘f“a: Be R ATLal

channel twaesntlid edatiSinhgs dbi @Gtie0iAknb B v i3 a3SchthddPE Ve dihg g accuracy
of channel estimation with pilot synbols inserted into the individual

channel whé$e "pédRrspgedess than the power of 15 the pilot symbols inserted

into the common i(laot(,a Q?QQFI' <A gndification 2> The present invention is
not limted to thy dﬁo mmunication system according to the

modification 1 allows the individual channel format creating
10 unit 14 to increase the power of the pilot symbols which are
to be inserted into one slot of the individual channel
transmitted using directional beams, so as to improve the
accuracy of channel estimation with pilot symbols inserted into
the individual channel whose power is less than the power of

15 the pilot symbols inserted into the common pilot channel.

<A modification 2

The present invention is not limited to the above

embodiment, and the operation of the individual channel format
20 creating unit 14 can be changed as follows.

The individual channel format creating unit 14 according
to the modification 2 is configured to increase the power of
the pilot symbols which are to be inserted into the individual
channel, when a mobile station 30 performs a hand-over

25 communication with a plurality of base stations 10, and when
the number of base stations 10 which transmit the individual
channelg using directional beams to the mobile station 30 is
more than a predetermined number.

The modification assumes that the mobile station 30



enbodi nent, and the operation of the individual channel format 20 creating
unit 14 can be changed as follows. The -individual channel format creating
unit 14 according to the nodification 2 is configured to increase the power
of the pilot synbols which are to be inserted into the individual channel,
when a nobile station 30 perforns a hal8-over 25 Comrunication with a
plurality of base stations 10, and when the nunber of base stations 10
which transmt the individual channels using directional beans to the

bl | © St atian Ay 5 RS IR RGeSt e Qed nurber . The Jpg) {cat on

assunes that the nobile station erforns a hand-over conmuni cati on

with three base tst Bo# DNandlOHd da@ el O#3t 1 a0d 1ok BAgE BIALLAASM10#Sand 10#3
transmt the individual channels to the nobile station 30 using directional

beans. 5 | niadivddgadeshawens he Hbomebpi edetadriminnge usimgeditasctsisginat o be "I "
or "2" , the nunber of base stations 10 which transmt the individual
channel to Y5 Stobil e station 30 usi ng directional beans is nore than the

nnel to ‘station 30 using d han t he
TaTor the base 10 GUAL AR 108s e b CHERGEEEPRE o] BRI E RO 01

i ndi vi dual tcchanmel orAsz'shews nunddrGor iasd etaexan®le whhenidrdingrdual
channel format creating unit 14 of the base station 10#2 and 10#3 adds the

power of f séthet dndhgigvakrcivdnndle ti [toe sphbdbsshattdn at®e UBinD be inserted
into the i l&y%%ugl g@gnngld SO thﬁ Hpeoggwgréaot the1§%lot sgnbols i's
i ncreased 0 MBS PAEMParHBOES RS HHSovkeT IOt THE Sgar AR BP S hat
the individual channel format creating unit 14 of the base
10 station 10#2 and 10#3 changes the format of the individual
channel.
As shown in FIG. 15, for example, the individual channel
format creating unit 14 of the base station 10#2 and 1043 adds
the power offset to the power of the pilot symbols which are
15 to be inserted into the individual channel, so that the power
of the pilot symbols is increased to M-times as large as the
power of the data symbols.
The individual channel format creating unit 14 of the base
station 10#2 and 10#3 may increase the number of pilot symbols
20 which are to be inserted into one slot of the individual channel.
The individual channel format creating unit 14 may change
the format of the individual channel, just before the number
of base stations 10 which transmit the individual channel to
the mobile station 30 using directional beams is more than the

predetermined number, or after the number of base stations 10

[
sy}

which transmit the individual channel to the mobile station 30
using directional beams is more than the predetermined number.
The present invention can provide a radio communication

method which allows an improvement in the accuracy of channel



The individual channel format creating unit 14 of the base station 10#2 and
10#3 may i ncrease the nunber of pilot synbols 20 which are to be inserted
into one slot of the individual channel. The individual channel format
creating unit 14 may change the format of the individual channel, just
before the nunber of base stations 10 aghich transmt the individual channel
to the nobile station 30 using directional beans is nore than the 25
predet ermi ned nunber, or after the nunmber of base stations 10 which
transmt thg.l égidu%] changel to the nobile station 30 wusing directiona
beams i s nore than the pred@Perfi RbAtnembRRd FhdnsTessst inndennidnkcan
provide a radhacCOMHNLEaH A, SR AR WALED AN B0-ROPrNEIENt Lo the

ma

accuracy of channel 29 estination in a nobile station and an 1 fAcP83%e in
downl i nk  capatidnyt bynahaingand ndn vii AdaYichaah eahanng] af o setohene. anbase
station transmts an individual channel using directional beans, the base
station and"?hBappisitiad ispandhhemebdilals 4 isadpfefetdt ky uSedwidiothis

Addi ti ongal ages and nodifications will readily occur to those skilled
in the art. erefore, the invention in its broader aspects is not limted
to the specific dahaikksnaan n L € I shown. .and

descri bed herein. 10 Accor%?%%ﬁy%%%?@ugﬁ%\d‘%?gg??%ﬁmnlﬁyrebae lr%&’de W t hout
departing fe%smn fe shesetslarliscoia ahet ALt germeledle foR¥eNEhY €inEONERR as
defined by the_appended clains and their equivalents. ]o Wat is clained is:
1. Aradioté WHTDORSRECRE AL T AT iLdmAgedhee sthepspetifinalefaily a

receiving féﬂﬁ?%ﬁé”kéﬂP@@e%Qa&Q%& é&bé&%ment shown and described herein.

10 Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive

conceptasdefinedbytheappendedclaimsandtheirequivalents.



possible to receive directional beanms, froma first nobile 5 station which
can receive directional beans to a first base station which can receive

di rectional beans; changing a format of an individual channel which is to

be transmitted using directional beans by the first base station; 10
notifying a downlink transm ssion netho8 showi ng that directional beans are
to be transmtted in a downlink, fromthe first base station to the first
nobile station; transmtting the individual channel using directional

beans, fromthe fyyst hase statjqn,to the first nobile station; 15 and
perform ng channel estimation using pilot synbols inserted into the

I ndi vi dual channel, A Pa@Cs PodanGe cWhk i Bn tite: n HOMGhH s 1 ARSHT S5d,00 gt hod. 20

2. A base station conprising: an individual channel transmtter configured
to transmt an idREMird ehameeliviingo fudvicth opi | sowydoksaar ei i nsert ed;
and an indiv%du Ilchgnnel format creator configured to create 25 a format
of the indi ¥PatAP-EhaNnEPSehy Ierdiirrae beamsyi dgam ehdnmelt mobide creat or

Cranam t1ed erng d T aal ionar heans AnaeEtt SR s mndi P duar=Ehanne
whi ch is tosbatismnemidi ethruselgidd A0R&iiGfdl Qalnsheams. 3. The base
station according to claim?2, further conprising:
changing a format of an individual channel which is to
be transmitted using directional beams by the first base
station;

10 notifying a downlink transmission method showing that
directional beams are to be transmitted in a downlink, from the
first base station to the first mobile station:

transmitting the individual channel using directional
beams, from the first base station to the first mobile station:

15 and

performing channel estimation using pilot symbols

inserted into the individual channel, in accordance with the

downliink transmission method.

20 2. A base station comprising:
an individual channel transmitter configured to transmit
an individual channel into which pilot symbols are inserted;
and

anindividualchannelformatcreatorconfigurede)create

Lo
T

a format of the individual channel,
andwhereintheindividualchannelformatcreatorchanges

between a format of an individual channel which is to be

transmitted using directional beams and a format of an

individual channel which 1s to be transmitted using



5 a downlink transm ssion nethod notifier configured to notify a downlink
transm ssion nmethod show ng that directional beans or non-directional beans
are to be transmitted in a downlink. 10 4. The base station according to
claim2, wherein the individual channel format creator changes the format

of the individual channel, in accordanédé with transmission rate of the

i ndi vidual channel. 15 5. The base station according to claim?2, wherein the
i ndi vi dual channel format creator increases the nunber of pilot synbols

which are tg,be;{ ted,i ne slot of the individual channel, when the
i ndi vi dual éﬁanﬁé is° gﬂa%&%ﬁ?fed usi ng directional beans. 20 6. The base

station according to claim2, wherein the individual channel format creator
i ncreases the power of the pilot synbols which are to be inserted into the
i ndi vidual chaniel ,Tiwhehashe sitadiendusdcatidmyel té sclramsrd t t Bdrtlséng 25
di rectional_ beans., 7. The base station according to claim2, wherein the
i ndi vi dual THEHE*¥6r mat creator increases the power of the pilot synbols

whi ch to be i | . d ndj Vi |, 32 .¢hannel i
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stations, arndifyes dowe1inunbednafi kase wéaidoesowhhghHatanspiétideal
i ndi vidual channels wusing directional beans to the nobile station is nore

than a 5 [esist &rim et Gigmsdriongl Aeapsi laesttat iton toompmniditeg in a

downlink.

10 4. The base station according to claim 2, wherein
the individual channel format creator changes the format
of the individual channel, in accordance with transmission rate

of the individual channel.

15 5. The base station according to claim 2, wherein
the individual channel format creator increases the
number of pilot symbols which are to be inserted into one slot
of the individual channel, when the individual channel is

transmitted using directional beams.

6. The base station according to claim 2, wherein

the individual channel format creator increases the power
of the pilot symbols which are to be inserted into the individual
channel, when the individual channel is transmitted using

25 directional beams.

7. The base station according to claim 2, wherein
the individual channel format creator increases the power

of the pilet symbols which are to be inserted into the individual



a channel estimator configured to performchannel estimation using pilot
synbol s; 10 a downlink transm ssion nethod receiver configured to receive a
downl i nk transm ssion nmethod showi ng that directional beans or

non-di rectional beans are to be transmtted in a downlink; a channel
switcher configured to switch between éRannel 15 estimation using pil ot
synbols inserted into an individual channel and channel estimation using
pil ot synbols inserted into a common pilot channel, in accordance with the

downlink tEROSESS! Pt R00nog01d. LREHBAI | BoBtgtaon accpidng.do claim

8, further <conprising: a receiving function notifrer configured to notify a
recei ving feeommidrorrashow wogtmiebharailti SoPeeskebt at DokL£cainvewndhraed i onal
beans or not. 25

number of base stations which transmit the individual channels

using directional beams to the mobile staticon is more than a

5 predetermined number.

8. A mobile station comprising:
a channel estimator configured +to perform channel
estimation using pilot symbols;
10 a2 downlink transmission metheod receiver configured to
receive adownlink transmission method showing that directional
beams or non-directional beams are to be transmitted in a

downlink;

a channel switcher configured to switch between channel

16 estimation using pilot symbols inserted into an individual
channel and channel estimation using pilot symbols inserted
into a common pilot channel, in accordance with the downlink

transmission method.

20 9. The mobile station according to c¢laim 8, Ffurther
comprising:

4 receiving function notifier configured toc notify a

receiving function showing whether it is possible to receive

directional beams or not.



