; e3eNn” 9Nk445t 7@.7869T 90Y A DE S CRI P T 1 ON WRELESS COMWUNI CATI ON
SYSTEM 5 Technical Field This invention relates to a mﬁrelﬁﬁﬁmmmmmﬂmwmttion
syst em nmaki ng i ndoor wirel ess comruni cati on between a wi r el tion
unit and a wireless terminal unit. 10 Background Art A wirel essisosox

comuni cati on system nmaki ng i ndoor w rel ess communi cati on between a

Wi rel ess base station unit and a wireless fermnal unit in mmuMWMH@nmmmfce
as shown in FIG 14 has been known. A plurality of 15 wirel y ion
units 2 are arranged on a ceiling of an indoor space 1 where a +oboted ess LAN
is to be worked, and a LAN cabl rmoS ly cable 4 are connected
to the wrel ess base station unﬁ%§3%93%§%3?n§ %u#g? e. 20 Each of the

Wi rel ess base station units 2 makes wirel ess conmunication with a wirel ess
terminal unit 6 located in a cell 5 which is regarded as a w rel ess

communi cati on range. For thigrgeason, cdipereetA BN Neesrit be arranged to
cover an entire floor surface of the 25 indoor space 1. The w rel ess base
station units 2 are arranged such that the cell overlaps the others to sone
extent in view of safety. For exanple, a radius of the 2 cell 5 on the
floor forgred by the wirel ess base sTethwihcahi Filds set at approxi mately 20
m Therefore, if the floor surface is 50 msquare, at |east four wrel ess
base station units 2Theeditvebelionranbetesstonaadiielions aowivelestion
comuni cati on systemdisclosed in Jpn. Pat. Appln. KOKAl Publication No.
06-188821 i s al syskemwaking t Hrdoay sw kel as Haseusint ¢dhl @O PR F¥e’n ant enna
transmtting and receiving neans for making wireless comunicatjon wth a
termnal 10 stadi'ohrebeat srsa wtaketon cenhf e Ay ¢oa%iaFs chprpinal
transmtting and receiving nmeans having a conparatively large output to
make wirel ess c¥htini cation with a terminal station having a blind area
épféc?i&@?io wave irradi ated fronltgg ase §&95L3p does not reach 15

y. Inside the blind area, AT it enna or a | eaky coaxial cable is

arranged in accor dange,wiLh Lbe shape;afcthe blipdnaneainghenapbenna or

| eaky coaxi al cable an eeder transmtting and recel ving neans of the

base station arg; cONOEEt 0mhOn RSP GhNEELH¥eR a wireless base station

unit and a wireless terminal unit in an indoor space
as shown in FIG. 14 has been known. A plurality of

15 wireless base station units 2 are arranged on a ceiling
of an indoor space 1 where a wireless LAN is to be
worked, and a LAN cable 3 and a power supply cable 4
are connected to the wireless base station units 2 from
the outside.

20 Each of the wireless base station units 2 makes
wireless communication with a wireless terminal unit 6
located in a cell 5 which is regarded as a wireless
communication range. For this reason, the cells 5 need
to be arranged to cover an entire floor surface of the

25 indoor space 1. The wireless base station units 2 are
arranged such that the cell overlaps the others to some

extent in view of safety. For example, a radius of the



20 feeder having a predeterm ned attenuati on constant and a predeterm ned
| ength. An output |evel of the radio wave irradiated fromthe antenna or
| eaky coaxial cable is therefore set not to exceed a |level of the radio
wave fromthe antenna transnmitting and receiving means 25 of the base
station. In a cell division schene such as the forner case, however, nore
W rel ess base station units need to be 3,arranged to renove the blind
areas caused by furniture and fixtures, in the indoor environment where
there are a nunber of furniture and fixtures as disturbances of the radio
wave propagation.,Far thi 0 t Y. j el ess
base station uncﬁlsl |Ogs ?ﬁnc%%g%d% hfeélﬁtlljér%ek?ﬁ; o&?h@?ﬁﬂ%ﬁ gér?émgr%%\ff&?he
W rel ess base £ uni IS i j ceprfance, wd fotde incpeased
nunber thereofﬁhgﬂaq?ﬁggé%%ﬁr%}i%E§61Iéﬁ%%ﬁ?%&%?égare i%%reased. 10
Moreover, if the dubairofcarfangeds Waedess dasresdat i Ui tS1éss
i ncreased, incomng waves fromthe wirel ess base station units cause
interference thsds&astd€ronavest eraseeedcto dheirratigéde receiving antenna.
For this reason, no effect can be obtained 15 even if a nodul ati on and
denodul atd on schene Iesaddanionp &heirnwléspatbmnmbecieienceystuehn as the
ort hogonal frequency division nultiplex nodulation (hereinafter referred to
as OFDM) schenmedischppdd eth Jprer efat e, Arp br obK@ifd brPglebl ¢datorven i f al |
the wirel ess base 20 station units sinultaneously emt the radi o waves,
br oadcast tran§%®ss@@nl%%&%bti%eab&@chm@wnforI%Jgh%ﬁeS%§¢%mes% »@$i nal
units. In addition, transm ssion can be executed to the wreless, base
station units oveabieRrcMRr byet i FREAPRE sFHARSThtEHRS B CFOWEYRY, 25
much tinme is spent to cogﬁlete t he eftire informatjion transm ssion, I? t he
i

latter scheme, TRy EORX AFIRADYEEC eSS aF S P el T 47 rbhgdd®i heThe™ Bt i nd
besj des the wirel ess LAN. system i i ons, and
aree bes s e FeLeES ANV e LpeL g g gopncl bpee gt gne, o

means excl usi ve, Lok hee Pnleaky £oaXiAlngantans FOUILGIS LoRORRatibE1YSt em

beconmes large in Size an I nst ation costs are i'hcreased.” T
obj ect of the pfesedtohPNERt £9NmkRe lRi PEP¥EEECEmMA BLEESoKONTURAI cati on
syst em whi ch can§p§§v%%?¥10 genera?ioﬁ of thecindoor bli nd areas, and which

can inpl enent higheshegs1 bspadeast nhvangnh el ORdCadshngnae anteasynbol
interference at small costs. Disclosure of Invention The wirel ess

comuni cati on system efatibhetpresesh theibseat soatisnpdovsdedti ndaohs. The
system conpri ses a transm ssion path provided indoors to function as an
antenna,l@a w retéssctievaipal Imsidarthagedinddaoes, aad antenebess base
station unit which makes wirel ess comunication with the wireless term nal
unit via the 20lerkrsaPasioh paphe FheahrpBpedsiBoARtAreaRrenwbERWEBA t he
wireless termnal unit and the wireless base station unit is nade in_the
OFDM nodul at i onskehRenef FReobhépdwargs; thaewPPrEPBRE e6miGRK¥afPBiieyst em

f th toi ti t ' f the 25.ind bl i nd
o eas, hnd can FABLEBAR hGnhTSRESH bfoHGEAGE (ARG S8BAVedHSrRG o

I nt er synbol Intg%fgﬁgnggsgts g%hgncg§gstonnected to each other by a

20 feeder having a predetermined attenuation constant and
a predetermined length. An output level of the radio
wave irradiated from the antenna or leaky coaxial cable
is therefore set not to exceed a level of the radio
wave from the antenna transmitting and receiving means

25 of the base station.

In a cell division scheme such as the former case,

however, more wireless base station units need to be



5 Brief Description of Drawngs FIG 1 is a perspective view show ng
arranhgenent of units according to a first enbodi nent of the present
invention; 5 FIG 2Ais an illustration showing a structure of a |eaky
coaxi al cable according to the first enbodinent; FIG 2B is a
cross-sectional view of the | eaky coaxial cable shown in FIG 2A;, 10 FIGS.
3A and 3B show illustrations show ng radi ogwave radiation patterns
according to the first enbodinent; FIG 4 i1s an illustration showing a
structure of a nmodulation symbol in the OFDM schene applied to the 15

conmuni cati on of the férts(3 q? %ﬁ% §&é§ '%é&ﬁﬁéafdeEEﬂH%N ng an

effect of a guard: 5 on i ene app conmuni cati on

of the first enmyp e S8 4 ea{haéé Sér{ﬁf&ﬂné@%}{@r@“%{&eéflrsnp'e

20 of the arrangene 0 y coaX|a e according to t
embodi ment; Fl G r?uﬂﬁe@%f'fﬁ'ﬁﬂfﬁﬁf@”a&cﬁ‘%ﬂﬂ;fé‘@ 24 het s exasph e 9o t he

arrangenent of the leaky coaxial cable according to the first enbodi nent;
25 FIG 8 is a {ped sPegid Weavd eyt SHayd ol I ange el s of edlibit S {EI6€ Ot it A7 to a

second enbodi nent of the present invention; 6 FIG 9 is an illustration

showi ng & exanplmoef @ﬁr@mp&¢p®$hmpr®BéM@emaaeraUQEantumitshnmcases and
increased, the number of installation works of the
wireless base station units is increased in accordance
with the increased number thereof, and the entire
installation costs are increased.

10 Moreover, 1f the number of arranged wireless base
station units is increased, incoming waves from the
wireless base station units cause interference that
carrier waves erase each other, at the receiving
antenna. For this feason, no effect can be obtained

15 even if a modulation and demodulation scheme resistant
to the multipath interference such as the orthogonal
frequency division multiplex modulation (hereinafter
referred to as OFDM) scheme is applied. Therefore,

a problem arises that even if all the wireless base

20 station units simultaneously emit the radio waves,
broadcast transmission cannot be executed for all the
wireless terminal units. In addition, transmission can

be executed to the wireless base station units one

after one by time division. 1In this case, however,
25 much time is spent to complete the entire information
transmission.

In the latter scheme, leaky coaxial cables



a nmeandering arrangenent of a |eaky coaxial cable according to a third
enbodi nent of the present 5 invention; FIG 10 is an illustration show ng
anot her exanple of the relationship between the arrangenents of the
showcases and the | eaky coaxial cable according to the third enbodi nent; 10
FIG 11 is an illustration show ng a structure of an antenna array cable
according to a fourth enbodi nent of the prgsent invention; FIG 12A is an
illustration showing a structure of a first antenna portion of the antenna
array cable 15 according to the fourth enbodinment; FIG 12B is an

illustration shog%rghfﬁﬁé{u§£ %% ﬁnsgggnglﬁggg?%g?pqééigg%og% he ant enna

array cable accordin enbodr nment A an show

I11ustrations %‘Pﬁ‘\éi‘%eé %@tﬁyeﬁ lﬂ@m@ﬂ@ng&@é%@i ”§a§é Lhec potgnna array

cabl e according tot di ment; and i's a perspective view
showi ng the prigiyafireBess Mgﬁaipét%&%é‘ﬁvgﬂé a@etﬂl@m@éa@fl 25
Enbodi nents of the present invention will be described below with reference

to the drawi ngstranshfitshg Eabediseaiyids nbone éncHhs&ivd, farl glaky coaxi al
cable 12 which is a kind of a | eaky transm ssion path is arranged to

nmeander oh a cei¢ilng obamabal ndeidlespackonftishopseandnp sheregsbemt he |i ke,
for exanple, an indoor space 11 where a wireless LANis to be worked. The
| eaky becomes large in size and the total installation costs
are increased.
The object of the present invention is to provide
a wireless communication system which can prevent
10 generation of the indoor blind areas, and which can
implement high-speed broadcast transmission causing no
intersymbol interference at small costs.
Disclosure of Invention
The wireless communication system of the present
15 invention is provided indoors. The system comprises
a transmission path provided indoors to function as
an antenna, a wireless terminal unit arranged indoors
and a wireless base station unit which makes wireless
communication with the wireless terminal unit via the
20 transmission path. The wireless communication between
the wireless terminal unit and the wireless base
station unit is made in the OFDM modulation scheme.
In other words, the wireless communication system
of the present invention can prevent generation of the
25 indoor blind areas, and can implement high-speed
broadcast transmission causing no intersymbol

interference at small costs.



coaxial cable 12 is a transm ssion path which functions as an antenna. The
| eaky coaxial cable 12 is arranged on, for 10 exanple, a topside or
undersi de of ceiling panels. If there are no ceiling panels, the |eaky
coaxial cable 12 is hung inside a roof and is arranged in an upper space
portion of the indoor space 11. A | eaky wavegui de can al so be used ot her
than the 15 | eaky coaxial cable as the |eaky transm ssion path. The |eaky
wavegui de having a smaller transm ssion loss is suitable to a | ow
transm ssi on power system such as the wireless LAN. In the | eaky coaxi al

cable 12, slots 12b having Zgrf%gggggéfgg%£§%|%fn%%%ﬁ%%$%spaced with a

constant interval on an entire r 12a as shown in

FIGS. 2A and 2B Thepgholp 12bs Jer CONEE Ylo Y1 By CORLIIGG MBAPRAgdEnt | N LHIS

structure, radi o waves are tran tted and received betiween an“interior 25

of the coaxial gahlg;de Mﬂi@t%igrfﬁp@@%mmw@fs&ﬁ Spd@denfRadi o
(0]

wave radiation characteristics t he | eaky 8 coaxial cable 12 shows a
radi ation pattefmvyascidhpstrated in FIG 3, unlike a general single-type
antenna such as a whip antenna and a di pole antenna. In other words, the
radi atiorp pattern i srsbaped is &naifbnsasaseen $howiag axsaludtueetodn of
the | eaky coaxial cable 12 and is extended along the entire body of the

| eaky coaxial cableall@.cdaxibaliedble nernsrdingi sorthetfonstwhi ch can be
obtained, the field intensity is greater near the |eaky coaxial cable 12
and becones 10 ¢reldEh¢ytsmal ler as it conmes away fromthe | eaky coaxi al
cable 12. In a wireless LAN systemof a 2.4 Giz_band or a 5 Giz band having
the transm ssion powBiGef2Beh8 BoChopareastapnaly ViRe Pht BRGaledkYt he
meandering | eaky 15 coaxial cable 12 should_ rationally be set at approxi
mately 6 to 10 FPa¥hevi edPof g%ﬂ%%t?%i??@y pei ween the communi cation

oSG SO et o A RE LRI P L S
is connected tOwgvée£gap§£?5?04?§géﬁﬁggaééo§diﬁ§”£83£h§“f£9§9 havi ng a | oad

resi stance val ue equival en aracteristrc 1 npedance of a coaxia
cable. The wrelgssqbasgrstation unit 13 is mounted on a wall surface such
that a mai ntenance work 1s 25 facilitated. The wirel ess base station unit

13 may be mounted ongpthe geiki B pangksratibhReshbl@ng a structure of
a modulation symbol in the OFDM scheme applied to the
15 communication of the first embodiment;

FIG. 5 is an illustration showing an effect of
a guard section in the OFDM scheme applied to the
communication of the first embodiment;

FIG. 6 is an illustration showing another example

20 of the arrangement of the leaky coaxial cable according
to the first embodiment;

FIG, 7 is an illustration showing the other
example of the arrangement of the leaky coaxial cable
according to the first embodiment;

25 FIG. 8 is a perspective view showing arrangement
of units according to a second embodiment of the

present invention;



The wirel ess base station unit 13 is connected 9 to a LAN cable 15 and a
power supply cable 16. A plurality of wireless termnal units 17 nmaking

Wi rel ess comrmuni cation with the wirel ess base station unit 13 are arranged
on the floor of the indoor space 11. 5 In the wireless LAN systemthus
configured, information transmtted fromthe LAN cable 15 to the wrel ess
base station unit 13 is nodulated in the GFDM schene and sent to the |eaky
coaxial cable 12 as a high frequency signal of a 2.4 GHz band or a 5 Gz
band. 10 Wile the high frequency signal propagates in the |eaky coaxi al

cable 12, a part of %ﬁ%tzéggﬁ!a%f%%fgééiggié ghgﬁgggoégggﬁgmépg £Eoor

t hrough a nunber of s I'n an angl e range out™ 180 degr ees,

as a radio wave, ]]ie“rlrameoﬂ@ﬂfé 8SSt &M Nt a b S 7o StEIORG Ys s £Ct Y e,

particularly, a plurality of transmtted waves radi ated from sl ot groups
18a and 18b | ocatgh compar@tivelyg&hose dhes et@akpfcddrei $1 adgpleb of the

| eaky coaxial cable 12, as the incom ng waves. A large receiving 20 power,
i.e. a min poweicSaNi g ebtal felrdyetibed 5ieonohy tlecepyegenconm ng waves.
There is a tinme difference between the tine when the transmtted waves
reach thesreceivivgntpoimt and the tinme when they are received as the
incom ng waves. If the interval of the 25 | eaky coaxial cable 12 is 10 m
the distance of the Fe@kyléoasiah tibheti2tipnnshbdeifnpoencibes axamplet he
di stance between the slot groups 18a and 18b on the 10 Ieak¥ coaxi al
cable 12 is 20 of the Redebionshie BeFfesentle o rFHRISHRDRF Yt weles
received by the wireless termnal_unjts 17 |s ag roxinatelg,90 sec.
According to thehQYeadas d3Nof el RN SepdhRl 5 g%b?i%ﬂc?ﬁ iR WPrEPRss
LAN, a guard section which can renove influence of a delayed wave is set at
800 nsec. The CEDM P seBRRIGFERhe nulti-carrier transmission schenes,

all owi n he transm ssjon,data to be.transmtte .a_n

sub-car?}@rs orthogoﬁg ‘169t65e38hl§%H8?FaE%8 ng%ﬁggségggngggfg ot

transmis a moddlalhpl.syoeka{ kb ts PasEo QTR nggrgéoeitﬁ“ex%w%w@

synmbol section and a guard section copying a part of the

effective synbo% Sefti BPesdrt THRGEnREEn MOt only a direct path, but also a
plurality of re Fectlon pat hs bet ween the transmnission and the reception.

Therefore, a pluralitycof 1sxnbel snhaviagtaatise dhbliengnaestsuchuas a
direct wave and reflected waves Rl, R2, and R3 are received on the 20
receiving side as shewnstnaft&nnd. pOptibe oécehwi agtehde, abnhy cehieit uent
el enents of effective synbol j are included in a synthetic This means that
by addi ng5t he t aansniihigngosttde, foompbnembsd2Befibl | owi ng synbols i and k
are section Ts if the synthetic wwithin the tinme difference of
FIG. 12B is an illustration showing a structure
of a second antenna portion of the antenna array cable
according to the fourth embodiment;
FIGS. 13A and 13B show illustrations showing radio
20 wave radiation patterns of the antenna array cable
according to the fourth embodiment; and
FIG. 14 is a perspective view showing the pricr
art.
Best Mode for Carrying Out the Invention

25 Embodiments of the present invention will be

described below with reference to the drawings.



wave of section Ts. guard section on the of preceding and not included in
the eve is a del ayed wave the guard section. 11 On the receiving side,

t he OFDM denodul ati on can be executed w thout receiving the interference of
adj acent synbol sections by subjecting a portion cut out in the section Ts
to the Fourier transform 5 Thus, the wireless termnal units 17 can
recei ve and process the incom ng waves fr the slot groups 18a and 18b in
t he OFDM denodul ati on, and can certainly obtain the information, by
executing the transm ssion and reception of the information between the

wi rel ess 10 bas Sta%iéﬁFLgﬂt % and the wireless termnal units 17 in the
OFDM scheme. | n''additi CBVEH'TF the transnmitted wave fromthe sl ot group

18a is conpletely bl gcked by di shEbances such,as,Rersons.9icf ysnLyce and

7 pee %

fixtures, the transnitted wave from the sl ot g¥oup 15 18b arrives at the
receiving antenna., | ipi,0f hef ywof dsicy asy4&nt 86 On ewen P{OPAgALAGEg Ps h whi ch
is not influenced %y the di sturbances exists between the wireless term nal

units 17 and anyeqst obs 428 0f i Adeot eakyi @sxE abp&adl 6f 1ghopHeand
transmtted 20 waves fromthe wireless termnal units 17 certainly arrive

at the | emaky cogxbpdscebl €nd21ikd, afleh téoamplde secehdddyg epadeanas of the
wreless termnal units 17 receive a nunber of incom ng waves. The incom ng
waves are radi atlegré ha oughe be 25 TANDEs 06 Isé obvsrii@d. ABhé hkephmse

di fferences of the incom ng waves are different in very small step, the

i ncomi ng waves cezeiykbdcdyle hb2resed vingnaniephen pith yichelfvwieelers
termnal units 17 are consi dered al nost successive. For this reason, even
if there is a pagtabfarbd®iaati on of the incom ng waves whi ch have the
phase difference of 180 degrees to, co Ieteli erase 5 nutyally, _at the

recei vi ng ant ennas, EheeiF@EYiGQaFééérgﬁﬁbep fiet Sof T2 gPgeRunb8F of the

ini [ ' ists. On the. oth hapd, t OFDM sch h
oSt stantd to tHETHET Sy ed bEVELAP rPhi HOPFS NG Ghabl: LLBYI SRPAETT n ¢ he
denodul at i f th i Vi ide, . F hi ' h
derodul atin0 2" PECSReRh 408 HECEHY ar bRBsnEonch, Bt RS Ry B ek bab e
differences in f,case,0here Lhgee,argoa BhUr bl byr8hobaansnihl egoupve
sources or there is a nuftipath caused by the 15 reffected wave,

deterioration ig,the LsapsphssEopnhauahiibyrcagsed by the intersynbol
interference at ?he denodul ating step is small. Therefore, when a nunber of

i ncomi ng waves whoseaphasesy ak@ecgucaessiual ¥1dbf ber askdapeneecenwadhaor mal
denodul ati on can be 20 executed if the maximumtinme difference of the

i ncom ngLsaves teakyi bokkhglt bebiai asponer Leakw thansmhesgoar daskcti on.
Thus, as the | eaky coaxial cable 12 is enployed as the antenna of the

wi rel ess base sTheti baabpi wat8gu28et hevindi 8 gawélpropagasindaspanhsobet ween
the | eaky coaxial cable 12 and the wireless termnal units 17 scattered in
t he i ndoor spacésiguthabbe ggrgaﬂﬁwytransmission power system such as

the wireless LAN.
In the leaky coaxial cable 12, slots 12b having
20 a predetermined length are spaced with a constant
interval on an entire body of a tubular conductor 1l2a
as shown in FIGS. 2A and 2B. The slots 12b are covered
by a coating member 12c. In this structure, radio
waves are transmitted and received between an interior
25 of the coaxial cable 12 and an exterior space through
the slots 12b.

Radio wave radiation characteristics of the leaky



13 secured even if a nunber of units of furniture and fixtures exist in the
i ndoor space 11. In addition, as the OFDM schene is applied to the
nodul ati on and denodul ati on of the wirel ess base station unit 13 and 5 the
wireless termnal units 17, influence of the intersynbol interference
caused by the tinme difference of the incom ng waves that arrive froma
nunber of radio wave propagation paths cangbe renoved. Moreover, a nunber
of wireless base station units do not need to 10 be arranged in the indoor
space 11 and the installation costs are restricted. Therefore, generation
of the blind areas_in, the jndpor e 1 p d,_Furthernore,

t he hi gh-speed %ﬁ%ﬁﬂ%%s?a %%nggigégﬁﬁ ?n%?%gg%gg%dégﬁfgééyﬁ%ol interference
can be 15 1ol enpnl e 2o Oty CPBES: 3 Then| £RKY, CoaxLal) cabhgLd2 yoearranged
to meander on the cerling of the I ndoor space 11. For this reason, even if
the | eaky coaxight&ahhesd@n 098Sa NghigXhstchiHeShat 81 ¥ighoyeatfenh! el ess
termnal unit 17, 20 two parts of the | eaky coaxial cable 12 pass at a
conparatively sherétiést@Begsf ronet hedwht ebessat €M nas sRaped7inTherefore,
a nunber of slots 12b exist at a conparatively short distance fromthe

W reless $erm nal fami 4s ldcandfttie shrekess derachbbnuoafttid taakensure 25 a
preferable wirel ess propagation path with the | eaky coaxial cable 12. The

| eaky coaxi al cabheriats asbanged aedeisoextéddegamdengohhéhentéieingdef the
i ndoor space 11, but the arrangenent is not limted to this. For exanple,
the | eaky coaxiaf thél kedRynugakéaireahgedldpiranl § sesBohntensFEG 6 or
arranged zigzag as shown in FIG _ 7, 5 on the ceiling of the indoor space
11. O herwi se, @hétFé@k?l@Ba%FthcaﬁnebQZOﬁﬁ?lﬁﬁdarg%ﬁgéaebﬁdéﬁtﬁﬁél Yoor
of the indoor space 11, (Second Enbodi pent) Elepents like or simlar to

t hose di scl osed1fnIiBathe %B%§etﬁﬁbg8?ﬁﬁnF°3¥éaggﬁ6?é8 Bg g ﬂi#ﬁFOWEFerence
nunber s f@d are _not dgicribeg in deta&l here. _As._shown &E FgG.kS, for
exanpl e, L¥hree PEARYILOEPUPLLGHI BE BY, C9B°EnEVSY LFR™alP&ny8a Y n parall el
with a predeternin i n | y ,as | eaky transm ssion 15 paths, on a ceiling
of an i ndoor spgggggiimégéggalaireless LAN is to be worked. The | eaky

coaxial cables 21, 22,and,23.haue LAR SLEWSHUGE shown b FLGSq gA and 28,

simlarly to the | eaky coaxial cable 127 In a wireless LAN systemof 20 a

2.4 GHz band OraasSGEkaaaadhanhggtheetkaagﬁmg§§bﬁn pRYer oef tEaBStbo
hundreds of mW the interval of the |eaky coaxial cables 21, 22 and 23

shoul d rational hynbeeget o@it mappen%i mAtekyabd b6 tAemnebndeirewgolleaky
conpatibility between the comruni cati on performance 25 and the economi cs.
One-si delends otothealeakipleoari ahoodbl est2bna22yahd 28taré eppmegtied to a
power synthesizer-distributor 15 24 and the other side ends thereof are
connect ed respenakteélyy 6t bot @Pninpatior ¥i2y, of6cangalibiditivneiwerar thrat i on
| oads having a | oad resistance val ue equivalent to the characteristic

i npedance of a eeaxbaicgtégpl perAogpaner BBEANTCAE S6PRPRE CHower

synt hesi zerdi stributor 24 and a mﬁrﬁle S base s ati%q uqit,lS are cqonnected
by a coaxial cable o§ne end of the leaky coaxlal cable 2 1s connected

to a wireless base station unit 13 and the other end

20 thereof is connected to a terminator 14 serving as
a termination load having a load resistance value
equivalent to the characteristic impedance of a coaxial
cable. The wireless base station unit 13 is mounted
on a wall surface such that a maintenance work is

25 facilitated. The wireless base station unit 13 may be
mounted on the ceiling panels or the like.

The wireless base station unit 13 is connected



Even in this structure, the | eaky coaxial cables 21, 22 and 23 function as
antennas of the wireless base 10 station unit 13. Even if a nunber of units
of the furniture and fixtures exist in the indoor space 11, radi o wave
propagati on paths between the | eaky coaxial cables 21, 22 and 23 and the
wireless termnal units 17 scattered in the indoor space 11 can be
certainly 15 secured. In addition, as the £FDM schene is applied to the
nodul ati on and denodul ati on of the wirel ess base station unit 13 and the
wireless termnal units 17, influence of the intersynbol interference

caused by the tige, differgnce of Lhe dNeom o aYES Lhaloalgi vey20 froma

nunber of radi o-wave propagation paths can reover, a nunber

of wireless baﬁgléfﬁi n it s 9o Doty Deed, 1 0 Be 8L ranged iy therd 1eloor

space 11 and t Installation costs are restricted. In this enbodi nent,

too, the sane adyaniR0e, @Solt At 19 thde, 25 Bboy e des cst betheniedt memt can be

therefore obtained. (Third Enbodi nent) Elenents like or simlar to those

disclosed in dfe therabove enbagh nEndsr ase eenoiedody spacéarlref erence
nunbers and are not described in detail here. For exanple, in an indoor
space of m shop or alistohe,warausberLAl e ohgat edushovnésesrdd, are arranged
5in parallel. If a leaky coaxial cable 12 is arranged to neander on a
ceiling of the imfloonaspacetransmlaréy foomhehéi LAY eabbei hento the | eaky
coaxi al cable 12 crosses front and rear parts of each of the showases as
shown 10 in Fl Gvigeless deasei oratieonaupibrbdi iy wedubaksd cbaxtae e&Ples 21,
22 and 23 are arranged to be spaced fromeach other with a_ predeterm ned
interval on theSekfhe ndfsehe FAdbRE $pakE, CRPFIFArFIPLS }ﬁea§e%oaﬂg35

DAt of each ofFfReYanbunabal 1ok shoanti GAE NG00 1hus, CBY BeP8ngi g the
| eaky coaxi al cables such that .they cross.the,front and rear t t he
20 stmc es 31" éf%egg?i éﬁﬁagﬁ%%ge?ﬁ% ?%%Q@}C%EQP%?ég%%|g% g%% g%g%%en_at
s arranged TREATREEERIE R B et Sohnb atOg Y IR FaRsRELE b8 U
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with the wirel ess base station unit via the | eaky coaxial cable w thout
within an angle range of about 180 degrees, as a radio
wave.

15 The wireless terminal units 17 strongly receive,
particularly, a plurality of transmitted waves radiated
from slot groups 18a and 18b located comparatively
close thereto, of the slots 12b of the leaky coaxial
cable 12, as the incoming waves. A large receiving

20 power, i.e. a main power can be obtained by the
strongly received incoming waves. There is a time
difference between the time when the transmitted waves
reach the receiving point and the time when they are
received as the incoming waves. If the interval of the

25 leaky coaxial cable 12 is 10 m, the distance of the

leaky coaxial cable 12 from the floor is 3 m, and the

distance between the slot groups 18a and 18b on the



bei ng di sturbed by the showcases 31. In addition, 17 there are a
plurality of units of |eaky coaxial cables that can be seen fromthe
wireless termnal unit 17. Even if one of themis tenporarily bl ocked by a
person, the propagation paths with the | eaky coaxial cables can 5 be
ensured and normal communi cation can be therefore nmade. For this reason,
the wirel ess LAN system shown in FIGS. 9 apd 10 can renove the blind areas
hi dden behi nd the showases and crowded persons and ensure the 10 stability
of the comunication quality by the uniformradi o wave radi ation and

recei ving char agé%i s_(i?é:;.ao{ é%l%%Yﬁ%iﬁj nﬁﬁ%ﬁg)‘jﬁﬁ%ﬁnﬂﬂe an

envi ronnent of a Shop Oor store ere a (0] owcases are

arranged and a Qupp o e CHBTOTBT 5y CONEn Y Ny APLs 9P O ved Sof FONE L h

Enbodi ment) This e ment enpl oys an antenna array cable 31 shown in FIG

11 as a transnmgsioNe Patfle i functd ons 8S Ao AGk BAdBe 1 NO Y hes@at enna
array cable 31, first antenna units 33 are arranged with an interval of,

for 20 exanple, 50 cmrto6rdinyi Bot BBenNkddh@adfisachi ghef OBOMenckenabl e 32,
and not a term nator but a second antenna unit 34 is arranged at one end of

the antenha arraypThddetdlthé nwiheléss SLAMNt @ngraandi se3B8ioaswishomncan 25
FIG 12A, a high frequency coupler 331 and an antenna el enent 332 are
formed i n patteremovie aipflntede bofrd. ddhayadt eana et epent aB3200snaepl anar
pat ch ant enna. 18 Connection between the first antenna units 33 and the
hi gh frequency Tabl @FB2 is ¢meeof htlbaghyulfbrcexbhpr etredARESE PR,

schemes, allowing the transmission data to be

transmitted by a number of sub-carriers orthogonal

10 to each other. Each of the sub-carriers transmits
a modulation symbol (multi-base code) formed of
an effective symbol section and a guard section which
is formed by copying a part of the effective symbol
section.

15 There are not only a direct path, but also a
plurality of reflection paths between the transmission
and the reception. Therefore, a plurality of symbols
having a time difference, such as a direct wave and
reflected waves R1l, R2, and R3 are received on the

20 receiving side as shown in FIG. 5. On the receiving
side, only constituent elements of effective symbol
i are included in a synthetic wave of section Ts.

This means that by adding the guard section on the
transmitting side, components of preceding and

25 following symbols i and k are not included in the

section Ts if the synthetic wave is a delayed wave

within the time difference of the guard section.



In the second antenna unit 34, a high frequency 5 coupler is not included,
but only an antenna elenent 341 is fornmed as a pattern on a printed board,
as shown in FIG 12B. The antenna elenent 341 is al so a planar patch
antenna. Connection between the second antenna unit 34 and the high
frequency cable 32 is also made 10 through a connector. If the antenna
array cable 31 thus fornmed is nounted on the ceiling, the radio wave

radi ati on characteristics of the antenna array cable 31 have a band- shaped
radi ation pattern as shown in FIGS. 13A 15 and 13B, simlarly to the

bove-d i bed, | eak | al ' | - t
Cuch as 5 whi p Ght BbaE S S por € antbhrar PSS AR Y B8R D c ot

ble, th t 31.LS: o @ 20
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panels, or the like,11{-dPEE8s AL D EEELING PAPEEBioh heuBNEEANEN BFKAY
cable 31 is hung Inside a roof and 1s arranged i n an upper space portion of

t he i ndoor spacgec2bodhes apd erna psiayeeablgndiots. arranged to neander as
shown in FIG 1, arranged spirally as shown in FIG 6 or arranged zigzag as
shown in F#1 G 7, on Thes, tBeceitébgssl headdhailonniasplirabnt yeobimat enna
array cables 31 are arranged in parallel with a predeterm ned interval by
usi ng a power symdhesocess diséribotmingswahesnfronFtia: 8lot Fuetherkdee, if
a plurality of showcases are arranged in parallel, the antenna array cable
31 is arranged awndcidssinhehérohbMademedatapiphs andt gens@decasesYas shown
in FIGS. 9 and 10. Thus, even if the antenna array cable 31 is used 10

i nstead of the Pebkincbagi infeappblophebyapieadiandabeeatraRatidfleach of

t he above-descri bed enbodi ments can be obtained. In the egbodine ts, the
| eaky transmi ssfBA PRERPRATMtAE EREehREOEPREYCRaBFEVEFR GRBJIWAEStRBS 15
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B e e i
invention, a W 5eheged by disturbances such as persons or furniture
and fixtures, the transmitted wave from the slot group
15 18b arrives at the receiving antenna.

In other words, as the radio wave propagation path
which is not influenced by the disturbances exists
between the wireless terminal units 17 and any of slots
12b of the leaky coaxial cable 12, the transmitted

20 waves from the wireless terminal units 17 certainly
arrive at the leaky coaxial cable 12.

In addition, the receiving antennas of the
wireless terminal units 17 receive a number of incoming
waves. The incoming waves are radiated through a

25 number of slots 12b. As the phase differences of the

incoming waves are different in very small step, the

incoming waves received by the receiving antennas of



25 communi cation system which can prevent generation of the indoor blind
areas, and which can inplenent high speed broadcast transm ssion causing no
|ntersynbol 20 interference at snall costs, can be obtained. 21 CL A
MS 1. A wireless comrunication system conprising: a transm ssion path
arranged in an indoor space to function as an antenna; 5 a wreless
termnal unit arranged in the indoor spacgp and a wi reless base station
unit making wireless communication with the wireless termnal unit through
the transm ssion path, 10 wherein the wi reless communi cati on between the

wirel ess term nal, ypj{ ﬁ@gst@eeraqﬁﬂ e&ﬁr@&éﬁ S{ALl &ié'ﬂ'_sr%]ré& st N

or t hogonal frequency 'vision tiplex no at1on. e W reless

communi cati on Sé’é(%@%@f&@rdlf@rt&lﬂé Pé@éé&l,em@rff nehdeet1ansnpsst on path

i s conposed of y transm ssion path. 3. The wrel ess conmuni cation

system accor di ngr t Qorih £hdt Zon VHET EHE ix@@oﬂlWYWéﬁ@@%§§lh0ﬁ\a@@tthéS
arranged to neander or arranged zigzag or spirally as 20 a single

transm ssion pathasd dheréneoos space) aagress od tdepleakyytennsai ssion
path is connected to the wirel ess base station unit, and the other end
thereof i% connectesalilyp, aat et nadcé Dating 4JanTaenas r ebessf feamimeécat i on
system according to 25 claim 11, wherein the transm ssion path is conposed
of an antenna areeagivcahdepoBer The ai taressnenhenndEathenrepasirviméaccor di ng

incoming waves exists.
On the other hand, the OFDM scheme has resistance

to the delayed wave arriving in the guard section

10 in the demodulating process of the receiving side.
For this reason, even if the receiving side receives
a plurality of incoming waves having time differences
in a case where there are a plurality of transmitted
wave sources or there is a multipath caused by the

15 reflected wave, deterioration in the transmission
quality caused by the intersymbol interference at the
demodulating step is small. Therefore, when a number
of incoming waves whose phases are successively
different are received, normal demodulation can be

20 executed if the maximum time difference of the incoming
waves contributing the main power is within the guard
section.

Thus, as the leaky coaxial cable 12 is employed

as the antenna of the wireless base station unit 13,

25 the radio wave propagation paths between the leaky
coaxial cable 12 and the wireless terminal units 17

scattered in the indoor space 11 can be certainly



22 to claim4, wherein the antenna array cable conprises a single high
frequency transm ssion path, a plurality of high frequency coupl ers and
antennas provided in a mddle of the high frequency transm ssion path, the
5 antenna array cable is arranged to neander or arranged zigzag or spirally
in the indoor space, and one end of the antenna array cable is connected to
the wireless base station unit. 6. The w rel ess communication system
according to 10 claim 1, wherein the transm ssion path is conposed of a
plurality of transm ssion paths arranged in parallel to be spaced from each

other with a predetermned interval in the in r_sp . pne_e of each of
the plurality o?e?QE%%n$%%?oh%p%t%%m?%rc%ﬁn%% g% % g£%%ﬁ£¥Pi5ggd

distributor-synthesizel, o200 e PRURIAdLSEILELLOT £Y Nt el 2841 E Sofonnect ed

to the wirel ess base s ron unit. e W reless comunication system
according to claimy. ¥Hgessnihe iga@§ﬁ1§éaoeop@ﬁ@dmédﬁxaangﬁdaﬁgch 20

that when a plurality of incomng waves are received by the wirel ess
terminal unit, gehbalgdiiberencenofwihelpbyrphibysohtiogonhng Wavesd
occupying a main power, of the plurality of incomng waves, is in a guard
section of the ohéhwgpaatsérequenayl dunissoh7 puihfphexc@50 ffotdhéat i on
schene. 8. The wirel ess conmuni cati on system according to claim1, wherein
t he transm ssi oinpatbymlsoar iahgefletence28agsedsbfr bhe himerdaffpaenseof a
plurality of showcases arranged in a room
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comparatively short distance from the wireless terminal
unit 17. Therefore, a number of slots 12b exist at a
comparatively short distance from the wireless terminal
unit 17 and the wireless terminal unit 17 can ensure
25 a preferable wireless propagation path with the leaky
coaxial cable 12.

The leaky coaxial cable is arranged here to
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leaky coaxial cable 12 may be arranged spirally as
shown in FIG. 6 or arranged zigzag as shown in FIG. 7,

5 on the ceiling of the indoor space 11. Otherwise, the
leaky coaxial cable 12 may be arranged under the floor
of the indoor space 11.
(Second Embodiment)

Elements like or similar to those disclosed in

10 the above embodiment are denoted by similar reference
numbers and are not described in detail here.

As shown in FIG. 8, for example, three leaky
coaxial cables 21, 22 and 23 are arranged in parallel
with a predetermined interval, as leaky transmission

15 paths, on a ceiling of an indoor space 11 where
a wireless LAN is to be worked.

The leaky coaxial cables 21, 22 and 23 have the
structure shown in FIGS. 2A and 2B, similarly to the
leaky coaxial cable 12. 1In a wireless LAN system of

20 a 2.4 GHz band or a 5 GHz band having the transmission
power of tens to hundreds of mW, the interval of the
leaky coaxial cables 21, 22 and 23 should rationally
be set at approximately 6 to 10 m, in view of
compatibility between the communication performance

25 and the economics.

One-side ends of the leaky coaxial cables 21, 22

and 23 are connected to a power synthesizer-distributor
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24 and the other side ends thereof are connected
respectively to terminators 25, 26 and 27 serving
as termination loads having a load resistance value
equivalent to the characteristic impedance of a coaxial
5 cable. A common terminal of the power synthesizer-
distributor 24 and a wireless base station unit 13 are
connected by a coaxial cable 28.
Even in this structure, the leaky coaxial cables
21, 22 and 23 function as antennas of the wireless base
10 station unit 13. Even if a number of units of the
furniture and fixtures exist in the indoor space 11,
radio wave propagation paths between the leaky coaxial
cables 21, 22 and 23 and the wireless terminal units 17
scattered in the indoor space 11 can be certainly
15 secured. In addition, as the OFDM scheme is applied to
the modulation and demodulation of the wireless base
station unit 13 and the wireless terminal units 17,
influence of the intersymbol interference caused by
the time difference of the incoming waves that arrive
20 from a number of radio wave propagation paths can be
removed. Moreover, a number of wireless base station
units do not need to be arranged in the indoor space 11
and the installation costs are restricted. 1In this
embodiment, too, the same advantage as that of the
25 above-described embodiment can be therefore obtained.
(Third Embodiment)

Elements like or similar to those disclosed in
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the above embodiments are denoted by similar reference
numbers and are not described in detail here.

For example, in an indoor space of a shop or a
store, a number of elongated showcases 31 are arranged

5 in parallel.

If a leaky coaxial cable 12 is arranged to meander
on a ceiling of the indoor space, similarly to the
first embodiment, the leaky coaxial cable 12 crosses
front and rear parts of each of the showcases as shown

10 in FIG. 9.

In addition, if a plurality of leaky coaxial
cables 21, 22 and 23 are arranged to be spaced from
each other with a predetermined interval on the
ceiling of the indoor space, similarly to the second

15 embodiment, the leaky coaxial cables 21, 22 and 23
cross front and rear parts of each of the showcases as
shown in FIG. 10.
Thus, by arranging the leaky coaxial cables
such that they cross the front and rear parts of the
20 showcases 31 as described above, the leaky coaxial
cables can be seen at any time from wireless terminal
unit 17 even if the wireless terminal unit 17 is
arranged in a passage between the showcases 31.
Therefore, the wireless terminal unit 17 can certainly
25 make transmission and reception with the wireless base
station unit 13 via the leaky coaxial cable without

being disturbed by the showcases 31. In addition,
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the propagatlon paths with the leaky coaxial cables can
5 be ensured and normal communication can be therefore
made.

For this reason, the wireless LAN system shown in
FIGS. 9 and 10 can remove the blind areas hidden behind
the showcases and crowded persons and ensure the

10 stability of the communication quality by the uniform
radio wave radiation and receiving characteristics of
the leaky coaxial cables, even in an environment of
a retail shop or store where a number of showcases are
arranged and a number of customers come in and go out.

15 (Fourth Embodiment)

This embodiment employs an antenna array cable 31
shown in FIG. 11 as a transmission path which functions
as an antenna. In the antenna array cable 31, first
antenna units 33 are arranged with an interval of, for

20 example, 50 cm to 1 m in the middle of a high frequency
cable 32, and not a terminator but a second antenna
vnit 34 is arranged at one end of the antenna array
cable 31.

In the first antenna unit 33, as shown in

25 FIG. 12A, a high frequency coupler 331 and an antenna
element 332 are formed in pattern on a printed board.

The antenna element 332 is a planar patch antenna.
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5 coupler is not included, but only an antenna element
341 is formed as a pattern on a printed board, as shown
in FIG. 12B. The antenna element 341 is also a planar
patch antenna. Connection between the second antenna
unit 34 and the high frequency cable 32 1s also made
10 through a connector.

If the antenna array cable 31 thus formed is
mounted on the ceiling, the radio wave radiation
characteristics of the antenna array cable 31 have
a band-shaped radiation pattern as shown in FIGS. 13A

15 and 13B, similarly to the above-described leaky coaxial
cable, unlike a general single-type antenna such as a
whip antenna and a dipole antenna.

Similarly to the leaky coaxial cable, the antenna
array cable 31 is arranged on, for example, a surface

20 side or a back side of the ceiling panels, the ceiling
of the ceiling panels, or the like. 1If there are no
ceiling panels, the antenna array cable 31 is hung
inside a roof and is arranged in an upper space portion
of the indoor space.

25 The antenna array cable 31 is arranged to meander

as shown in FIG. 1, arranged spirally as shown in

FIG. 6 or arranged zigzag as shown in FIG. 7, on the
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+-109%& ()-TTTU. &%b&%gyéi ;9e19f@éﬁ§e§ in parallel with a predetermined
interval by using a power synthesizer-distributor as
shown in FIG. 8.

5 Furthermore, if a plurality of showcases are
arranged in parallel, the antenna array cable 31 is
arranged to cross the front and rear parts of the
showcases as shown in FIGS. 9 and 10.

Thus, even i1f the antenna array cable 31 is used
10 instead of the leaky coaxial cable, the same advantage
as that of each of the above-described embodiments can
be obtained.
In the embodiments, the leaky transmission
path and the antenna array cable are used as the
15 transmission path which functions as the antenna.
However, the transmission path is not limited to this.
In addition, application of the present invention
to the wireless LAN system has been described in the
embodiments. However, the present invention is not
20 limited to this. The present invention can also be
applied to a wireless communication system to which
the LAN is not applied.
Industrial Applicability
According to the present invention, a wireless
25 communication system which can prevent generation of
the indoor blind areas, and which can implement high-

speed broadcast transmission causing no intersymbol
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CLAIMS

1. A wireless communication system comprising:

a transmission path arranged in an indoor space to
function as an antenna;

5 a wireless terminal unit arranged in the indoor

space; and

a wireless base station unit making wireless
communication with the wireless terminal unit through
the transmission path,

10 wherein the wireless communication between the
wireless terminal unit and the wireless base station
unit is made in orthogonal frequency division
multiplex modulation.

2. The wireless communication system according to

15 claim 1, wherein the transmission path is composed of
a leaky transmission path.

3. The wireless communication system according
to claim 2, wherein the leaky transmission path is
arranged to meander or arranged zigzag or spirally as

20 a single transmission path in the indoor space, one end
of the leaky transmission path is connected to the
wireless base station unit, and the other end thereof
is connected to a terminal load.

4. The wireless communication system according to

25 claim 1, wherein the transmission path is composed of
an antenna array cable.

5. The wireless communication system according
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to claim 4, wherein the antenna array cable comprises
a single high frequency transmission path, a plurality
of high frequency couplers and antennas provided in

a middle of the high frequency transmission path, the
antenna array cable is arranged to meander or arranged
zigzag or spirally in the indoor space, and one end of
the antenna array cable is connected to the wireless
base station unit.

6. The wireless communication system according to
claim 1, wherein the transmission path is composed of
a plurality of transmission paths arranged in parallel
to be spaced from each other with a predetermined
interval in the indoor space, one end of each of the
plurality of transmission paths is connected to a power
distributor-synthesizer, and the power distributor-
synthesizer is connected to the wireless base station
unit.

7. The wireless communication system according to
claim 1, wherein the transmission path is arranged such
that when a plurality of incoming waves are received by
the wireless terminal unit, a time difference of the
plurality of incoming waves occupying a main power, of
the plurality of incoming waves, 1s in a guard section
of the orthogonal frequency division multiplex
modulation scheme.

8. The wireless communication system according to

claim 1, wherein the transmission path is arranged to



3 10%&' ()-rnrmmmn: nNnuV= 10L-#10% & () f 10% & ()- s 10% & ()- 10% & ()-
10 10 10!l @109 ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
" Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Headi ng 93] c"A "Default Paragraph Fontg?a4,"',;27<BBXG.QW a?aej Nkprtvxz|~5
* @ YcnNnOPQRSTUVWKBX @ |

| " #- %0 ) +N. 0% 24?758: <?A" D} EGXIeMOPQRTUMKYZ~"" . a5b8cddef yhU mNnYZ[\ ] ~_" abcde
f ghi j kl mopqr st uvwxyz{|} ~6Ti nes New RomanAri al Couri er New'h Root

Ent r yWor dDocunent * 9 I"H#S9R () *+,-./0123456789: ;

<=>?@BCDEFGH JLWNCPERSTUMKYZL L} 8 abedef ghLJ kL 7DQPaE 5t HWeNBhbL ses

arranged in a room.



