1 1 JUN 2004 -1 TITLE OF THE | NVENTI ON RADI O BASE STATI ON SYSTEM AND
CENTRAL CONTROL STATION W TH UNI FI ED TRANSM SSI ON FORVAT 5 BACKGROUND OF
THE I NVENTION 1. Field of the Invention The present invention generph 004
relates to a radio base station systemand a central control station as
well as to a nethod of processing signals” 4D at the central control station
2. Description of the Related Art Fig.10 is a bl ock diagram show ng a
configuration of communicatiqn Jlinks between nobile- comuni cation base
stations. 15 A 30 (which may be a cluster central

control station when baserabad ¢SE EWANION SlyidsisM A4 UCENTR2AI € used)
uses a radio communication |link 20 and ogtlcal communi cation |inks 22 and

23 to establ i sSRORGHRRIni RRELERAN WAk AONLF £ BDr I&A PHSES 5t FORMATBS) 31,

32, and 34, respectively. In the case of radio communication, the central
control station 30 uses a nultlplex/denultlplex equi prrent (NUX/DENUX) 44
to supply 3i gBAGE B T [WEREIONese signals 25 are supplied from
t he conmuni cati on control band SI nal s supplied to the
termnals are nodul ated 5y ﬁBﬁ@%%‘i%?f%ﬁe?“X&f ‘?bugh 40N, and the
resulting signals are conyret @desdrmt ragirentibaqusta sl by FeagweiEyto

converters (f.Conv.2) 41, 30 throu h 41 The oqut put signals of the
frequency confertaiso ?aﬁﬁn§tffyﬂ. gBﬁBhaﬂf zﬁ%?%g i Feg 4P L a

combi ner/ di vi d%rtrﬂ'?lorf\ 430y 111" NH e VA md8nollr IS PEScd He1agntyinpth skgnal
to the radi o base
10 at the central control station

2. Description of the Related Art

Fig.1l0 is a block diagram showing a
configuration of communication links between mobile-
communication base stations.

15 A central control station 30 (which may be
a cluster central control station when base stations
having a cluster structure are used) uses a radio
communication link 20 and optical communication
links 22 and 23 to establish communication links

20 with radio base stations (BS) 31, 32, and 34,
respectively. In the case of radio communication,
the central control station 30 uses a
multiplex/demultiplex equipment (MUX/DEMUX) 44 to
supply signals to radio terminals as these signals

25 are supplied from the communication control station.
Base-band signals supplied to the terminals are
modulated by modems (MODEM2) 40, through 40,, and the
resulting signals are converted into radio
frequencies by frequency converters (f.Conv.2) 41,

30 through 41,. The output signals of the frequency
converters (f.Conv.2) 41, through 41, are combined by

a combiner/divider 42. A radio transceiver 43

transmits the combined signal to the radioc base




1 1 JUN 2004 -2 station 31. Between the nmultiplex/demultiplex equipnent 44
and the radi o base station 31, nodens and frequency converters ah

provided as many as a 5 necessary nmaxi numtransm Ssion capacity canq&¥m4
achieved. In the case of the optical comrunication |inks 22 and 23, the
central control station 30 uses the nulti3tex/denultiplex equipnment 44 to
supply the 10 signals fromthe comunication control station to termnals
for optical comuni cation. The base-band signals are converted by signal
converters 451s&8diars23into signals having a proper signal format for

optical transmssion in tg&q@(g tid lé§{q@ﬁq#¥%§} The converted
|

signals are further converted 1'hto op Signa Tal transceiver
eqU|pnent_(EIOsqﬁﬂ§mdmﬂ andamﬂzthécta@madbbyeb@un;idmnsnltmeddmsthe

base stations %%%ggr ia the %5% ical fibers 22(ﬁ¥€y23. 20 The radio
base station 32 %ﬂﬁ?B&V PPN TR Ve 2E§uPpRe F BBy £% & convert
the signals reaedesthiyomakitneeiralskodtioh HapfddineBlcani det he opti cal
fiber 22 into electrical signals, and uses a signal converter 2 to further

convert the 253&hgi®dinto signals having a proper signal format for

nodens (MODEMZ) 41 throughn4hhe dﬂgé'$%efﬁQEGP i 19 SRkh RTBA | on
(MUX/ DEMJUX) 3 denultiplexes the signals, and the resultant signals are

converted by tRédnksiehz andt ﬁr%ugihmw@muram foadqrmic s tabient 80s uses
gLaEDPg 2Lsgé %ermeen ?%%ig&iQ§qﬁ§£féf% ?%ﬁﬂ?égfn§¥hgﬁda%rggb%l&r%ﬂﬁgncy

10 signals from the communication control station to
terminals for optical communication. The base-band
signals are converted by signal converters 45, and
45, into signals having a proper signal format for
optical transmission in terms of timings and

15 waveforms. The converted signals are further
converted into optical signals by optical
transceiver eguipment (E/O, O/E) 46, and 46,,
followed by being transmitted to the base stations
32 and 34 via the optical fibers 22 and 23.

20 The radio base station 32 uses optical
transceiver eguipment (O/E, E/0) 1 to convert the
signals received from the central control station 30
via the optical fiber 22 into electrical signals,
and uses a signal converter 2 to further convert the

25 signals into signals having a proper signal format
for modems (MODEM2) 4, through 4,.
Multiplex/demultiplex eguipment (MUX/DEMUX) 3
demultiplexes the signals, and the resultant signals
are converted by the modems 4, through 4, and

30 freguency converters (f.Conv.2) 5, through 5, into
modulated signals having a radio frequency that is

used between the radio base station (BS) 32 and a

radio base station (BS) 332. A combiner/divider 6




radi o base station (BS) 33. A conbiner/divider 6 1 1 JUN 2004 -3 conbi nes
the nodul ated signals, and a transceiver (TR2) 7 transmts the1qqmnjn@p
sirgnal to the radio base station 33. As in the case of radio

conmmuni cation, the 5 optical conmunication Iink that is provided by the
optical fiber 22 and extends to the radi o-base station 32 has a necessary
mexi mum transm ssion capacity secured for the comrunication. Figs.11A and
11B are bl ock diagrams 10 show ng configurations of transceivers of the
radi o base st &ominknesi ghelm tedt faA8@Sverd} R hETRREICE LVREe

stations 31 anqqg3 § hﬁthgéﬁ%gﬂ% rAl OcomBRUAI GAlY LS t45the’ 3 Pio
recei ver/transceiver (T receives a radio signal via an antenna, and
a conbi ner/di wadey B6atlivond8s .t he received signal. The frequency

converters (f.Conv.2) 371,throu 37.E. convert .the divided si.ghals_jnto
i gnal s having an 20 i nt ePRediui S rE0E8NEY. LAt o RERIE 5othe

t hrough 38,5 f uidigtelc £DN¥eMminunlie i Yol 5ihRt @hbase:s hanevsigaals, dihe
base-band signals are multiplexed by multiplex/denmultiplex equipnent
(MUX/ DEMUX) 39°Ptdfizh SdBEFi & APduePphEndsg s tt%r’é‘?ﬁlf’ob& dio 25

transnission CidiGiifoh akh hBkeld afec&s 568, hakimud rePsALASs@A o om the
base station to nobile stations. Fig.11B shows a transceiver of the radio

base station 34ammbtYcderynstk tent Far commusicaptEeRati on 30 through the
optical fiber. A digital ?E%@@rlﬁﬁéﬁ& E?BVSEQ‘HEJéQ”hﬁggrams

10 showing configurations of transceivers of the radio
base stations.

Fig.1l1lA shows a transceiver of the radio
base stations 31 and 33 that exchange radio
communications.

15 A radio receiver/transceiver (TR2) 35
receives a radio signal via an antenna, and a
combiner/divider 36 divides the received signal.
The frequency converters (f£.Conv.2) 37, through 37,
convert the diwvided signals inteo signals having an

20 intermediate frequency, and modems (MODEM2) 38,
through 38, further convert the signals into base-
band signals. The base-band signals are multiplexed
by multiplex/demultiplex eguipment (MUX/DEMUX) 39,
which supplies an output signal thereof to a radio

25 transmission circuit {(air interface circuit) for
transmission from the base station to mobile
stations.

Fig.11B shows a transceiver of the radio
base station 34 connected to the central control

30 station 30 through the optical fiber.

A digital signal, after conversion from an

optical signal for the optical fiber into an

electrical signal, is supplied to a signal converter




optical signal for the optical fiber into an electrical signal, is
supplied to a signal converter 11 JUN 2004 4 47, which convert the signal
for optical-fiber digital transmssion into a base-band signal fp{ junagho
comuni cation. The resultant signal is supplied to a radio transm ssion
circuit (air 5 interface circuit) for trafsmission fromthe base station
34 to nobile stations. When communi cation |inks between the central

control station and the radi o base_stat,jons aries. in their t¥pes as shown

in the case of 4Bi-gWIECH CRR%REE G LT phht P 1&a i%ctP Thecause of

different trangfiy§Si-0n {04 N8hSsshbi aito tepssansahasisiyapagiory from
the central control station to a radio base station needs to be secured to
match a nmaxi nuredéquicatnysicapien.y. Teageubranki §1dfensSand frequency
converters misk BRIy €509 22080 A%AGREISROK taroudAC! £pFTUN cati on
link in the ca radio conmmuni cation, and signal converters and

base- band sl tinpleeface nektdctdte fumovitknsmis gaop 0 Heeebasmey for

each comruni cation link jn,the case of, optical-fiber comrunication. This
may result in §ﬁaté‘>9cfb§§+ vECi ﬁ\?@%rﬁtﬁ%{)‘?%ﬁﬂ ity. Accordingly, there is a

need for a radio base st@mhefncoyiirieatien cénhkal bedneed thetion 25
whi ch can harnoni ze transmnmi ssion formats of radi o cao ni cati on |.inks and

optical -fi ber E6MARAEaEPBRTOL SESLIGT 206 FRENEAHA RIRE sFHALLORS
converters to g%e SEN K akheght Ft%‘(?esé a4 0fh ofrh el aby nac i £yé ngr hirghy . pyer al |

per formance an | ci ent accommodation of 30 communi cation |ines.
10 shared use of equipment is difficult because of
different transmission formats.

Further, the transmission capacity from
the central control station to a radio base station
needs to be secured to match a maximum required

15 capacity. Because of this, modems and frequency
converters must be provided as many as necessary for
each communication link in the case of radio
communication, and signal converters and base-band
multiplexers need to be provided as many as

20 necessary for each communication link in the case of
optical-fiber communication. This may result in an
excessive investment in facility.

Accordingly, there is a need for a radio
base station system and a central control station

25 which can harmonize transmission formats of radio
communication links and optical-fiber communication
links, and can gather all the signal converters to
the central control station, thereby achieving high

overall performance and efficient accommodation of

30 communication lines.

SUMMARY OF THE INVENTION

It is a general object of the present




SUMVARY F THE INVENTION It is a general object of the present 11 JUN 2004
-5 invention to provide a radio base station systemand a cemnkﬂ‘NWQMlm
station that substantially obviate one or nore of the problenms cause

the limtations and di sadvantages of the related art. 5 In order to

achi eve the above object according to thé@-present invention, a central
control station, which controls radi o base stations connected thereto via
radio links and optical fiber |inks, includes a denultlpIeX|n% un|t whi ch
10 denultlplexesvgn@mﬂﬁs%%pBFPEédﬁr@m%#ﬂh%p%@sﬁe§&at%ﬂ%1$5ﬁ

conver5|ontﬂﬂéngg%gafxgw§E£o¥ e €+ JtASRECth N E ggggwgdﬂfgggysb@yié%énto

converted signals having a uni transm ssion format, and
di stribution ushée wm(MDmbsmflbheeﬁnﬂhiammveﬁueadl®ﬁy%ﬁﬁﬂs to the radio

| i nks and the fiber I.n t.hi e t t exing unit
demul ti pl exes ggﬂﬁl@?%ﬂ&%l?%g %SﬁQﬁ%9t5§ Egvépe #&@gh Q@ & shar ed
use of tramsceivers between @dodeadit® cmjmmveathenamdrmmbgabt

comuni cati on can be rmade béaconvertin t he denul tipl exed S|gnals into

the signal s ha?FRETHOUNTPi BBet PESSIAYS BAVEBF AR TSP bEfileves

efficient use antE%QV\Bé@afféﬁur weS.cF Wdhero1bheadiisf rédeéi sRatiidns
di stributes the signals having the unified transm ssion format, so

t hat smntchlngcohmﬂﬂﬁﬂﬁnthﬁréﬁolMﬂé;ﬁﬁﬁ#%elléhgaaﬂﬁtﬂP?%ﬁPﬁgﬁ%ﬁ?F
account traffig, ﬁl?{%dl tikr%‘fu{ig aCCO@ﬁ&Eu%‘:??lb&‘i‘n%“drPﬂ? @higirgnal
' ' 1 or di

destinati ons. I's ‘makes I't possible erent “comruni cation 30 |inks
t o nmake shar eddeseldfipghexesgragnedrsyesspphied from an upper-level

station, signal conversion units which convert the
respective demultiplexed signals into converted
signals having a unified transmission format, and a
distribution unit which distributes the converted

15 signals to the radio links and the optical fiber
links.

In this manner, the demultiplexing unit
demultiplexes signals supplied from the upper-level
station, and shared use of transceivers between

20 radio communication and optical communication can be
made by converting the demultiplexed signals into
the signals having the unified transmission format.
This achieves efficient use of hardware resources.

Further, the distribution unit distributes

25 the signals having the unified transmission format,
so that switching of communication links can be
engaged by taking into account traffic conditions in
accordance with indications of signal destinations.
This makes it possible for different communication

30 links to make shared use of the signal conversion
units.

According to another aspect of the present

invention, the central cohtrol station as described




units. According to another aspect of the present invention, th; ﬁﬁ@» é
control station as described 11 JUN 2004 -6 above is such that sai aﬂ I
conversion units are internedi ate-frequency conversion units which
convert the respective denultiplexed signals into internediate frequency
signals having an 5 intermedi ate frequenc$; and said central control
station further includes a radio frequency conversion unit which converts
one of the intermediate frequency signals into a radio frequency signal
havi ng a radi cabeegudrc\Fuch rerbd $616r SHORSSI S UAFELRR k¥ andfPts the

radio  frequengy, 8LaaR: 4 0PFeQhchBy AN AARS ShALkNYnidNd an opti cal
signal transm’'ssion unit I C tranSmts one of the internedi ate frequency
signals to oneoofetrite thaioe bpgetivat idemsrldfimkesefveigingd-sisinher eof into

an optical sigpal, wherehy the signals_.fra r-level station are
transnitted byl?hsrﬁégféﬁ%r ﬁ%ﬁ?%E? nsﬁﬂqéﬁéfﬁégggﬁe%% the radi o base
stations cgnnechedrinedireceniteéqaheaant,r @ndtsdidncentaadneaittdd radi o
links, and are transmtted by 20 the optical sjgnal transm ssion unit to
the one of thetpidrs Hwetl EI?Bﬁéuéﬁﬁhébﬁﬁﬂi%% ?ﬁ@qggﬁfphl control
station via ong,Qf elrs dPtirdt Hhbeh ldorkeerts dhbsoammer, the optically
transmtted signal has a format that is different fromthat of 25 digita

si gnal s used i hntemnediarml fEagesncindignats ahR it ed 3kl %rodul at ed
signals by usi E%ﬁﬁﬁeinrl{'fr gliléﬁ.ehgﬁgllée@yré@mefEEEQefr@y TF i paqio
conmuni cat i on. I's maKes 1T possible™to share use of transceivers between
radi o conmini carhasmdrssion unit which transmits the radio
frequency signal to one of the radio base stations,
and an optical signal transmission unit which
transmits one of the intermediate frequency signals
to one of the radio base statiomns after conversion
15 thereof into an optical signal, whereby the signals
from the upper-level station are transmitted by the
radio transmission unit to the one of the radio base
stations connected to the central control station
via one of the radio links, and are transmitted by
20 the optical signal transmission unit to the one of
the radic base stations connected to the central
control station via one of the optical fiber links.
In this manner, the optically transmitted
signal has a format that is different from that of
25 digital signals used in conventional cases, and is
transmitted as modulated signals by using an
intermediate frequency range used for radio
communication. This makes it possible to share use
of transceivers between radio communication and
30 optical communication. Further, use of the
distribution unit achieves efficient use of hardware
resources.

According to another aspect of the present



30 optical comunication. Further, use of the distribution unit achieves
efficient use of hardware resources. According to another aspettU®R(ighe
present 11 JUN 2004 -7 invention, the central control station as described
above is such that said signal conversion units are radio-frequency
conversion units which convert the respective demultiplexed signals into
radio 5 frequency signals having a radio frequency, and said central
control station further includes an internediate frequency_conversion unit
whi ch convert $ngga tgfon hethadice Ift eyl PRyt EPen St HiftD ap defcaihR at e

frequency signglpiayifg SichtRated e 40qhaequRRer fisAMLAL AN SSi on
unit which transmts one of the radio frejuency signhals to one of the
radi o base st atiadrisy - finelgasnopt iccalvel ghah unidiss Misisilonc onveowhitdie
transmts the internedjate. freque signal__qr, _one .radi o frequency
15 signals to GREPSICLHES 2818 g@&%ﬁi%ﬁgn FbﬁnégwéggéPon t hereof into
an optical sigrdequéecebyighha ssitgnalsgf soratiie Wparudesel, amhat isniare
transmtted by the radio transmi ssion unit to the aone of the radi o base

stations conne€e&ETHL t fRNSEH Ode Mt L BNt PEFREFAiUH UASS oRB of the radio

links, and arelansdaihed Bddife b} i 6hveirgidn dd@NS@hgshon unit to the
one of the radi o base stations connected to the central control station

via one of thecomvesatsfpper ofi e Dxdie fRgURRTEISigRRLS AT 3Re
converted intq the @HiQtEr@quHQhé%QQféﬁa%_idvlﬁﬁfhﬁhfﬂteEHEHigﬁéed to
respective conmmuni catl on "' nk’s. n this Tonfiguration, radi o transcel vers
require onmy frequency, a radio transmission unit which transmits

one of the radio frequency signals to one of the

radio base stations, and an optical signal

transmission unit which transmits the intermediate

frequency signal or one of the radio freguency

15 signals to one of the radic base stations after
conversion thereof into an optical signal, whereby
the signals from the upper-level station are
transmitted by the radio transmission unit to the
one of the radio base stations connected to the

20 central control station via one of the radio links,
and are transmitted by the optical signal
transmission unit to the one of the radio base
stations connected to the central control station
via one of the optical fiber links.

25 In this manner, the signals are converted
into the radio frequency signals, which are then
transmitted to respective communication links. 1In
this configuration, radio transceivers require only
the function of signal amplification. When signals

30 are to be transmitted through optical fibers, the
signals are converted into a freguency range

suitable for transmission. This provides greater

latitude in designing of optical systems.




the function of signal anplification. Wen signals 30 are to be transmtted
t hrough optical fibers, the signals are converted into a frequency,r %
suitable for transm ssion. This provides greater latitude in desigaﬂﬂg @H
optical systens. | | JUN 2004 -8 According to another aspect of the
present invention, the central control st4ation as described above Is such
that said signal conversion units are radio-frequency conversion units
whi ch convert the 5 respective denultipl exed signals intf ﬁgdio f requency
o]

signals having a radio fr%ﬁﬁ@ﬁ&k“%uﬁPs%?%théﬁng%£e9§nﬁ §t BEi%IT ur t her

i ncl udes a radij@vdd @6H SEhen cemtrathi €bnt FaNS\ithx iye #6 dhecradied
frequency signals to one of the radi o base stations, 10 and an optical

signal transni edooie Uk t SWRRcRhat AR tS1gRBLOFOMNTETRRD PR&GFeRSP
signals to Oneral(?fié—h@réﬁﬂéﬁcl}a%%rﬁie?ﬁéfé‘ﬁ afltﬁ%rs GRS SEQRvERST &Qfe 1 NtO

an optical signal, whereby thé signals fromthe wupper-|level station are
transmtted by relspeaciive 18emudisin sk eh shgnals tintomeadiot he radi o base

stations connected to the centr,al .control _s i, QN ' of L O
links, and ar e%lrreﬁﬁ?ﬁﬂ’eal ?alt%eh%{}fé@a? %lgérlfa%l ft]ér/éa s%lggi'oﬁht%iﬁgf% t he
one of the radienmthasE sSbatirens soannibsh eflutrohelre icartudés 28 cartirool st ation
via one of the optical fiber |inks.

| In this manner, the_signals are
converted int FHAEHLESLOPr 8Gddn AP LFRynEF & Siiteh Ure The ﬁetﬁﬂé%ﬁtted to
respective conmppifisdhey Lighsld ntoldhs eentheuraid o, basdi e tatansee] vers
require only 25 the function of signal anplification. Wen si%nals are to
be transnil®edant cghoppired sigrk, trapsmission unit whic

transmits one of the radio frequency signals to one
of the radio base stations after conversion thereof
into an optical signal, whereby the signals from the
upper-level station are transmitted by the radio

15 transmission unit to the one of the radio base
stations connected to the central control station
via one of the radio links, and are transmitted by
the optical signal transmission unit to the one of
the radio base stations connected to the central

20 control station via one of the optical fiber links.

In this manner, the signals are converted

into the radio frequency signals, which are then
transmitted to respective communication links. In
this configuration, radio transceivers require only

25 the function of signal amplification. When signals
are to be transmitted through optical fibers, the
signals are transmitted or received as signals
having a radio frequency range. This achieves a
complete match between the signal transmission

30 format of radio communication and that of optical
communication. As a result, the central control

station can arrange equipment therein without regard

to transmission medium used for respective




signals are transmtted or received as signals having a radio frequency
range. This achieves a conplete natch between the signal transniﬁs'% EO
format of radi o communication and that of optical communi cat i on) A@ &04
result, the central control station can arrange equi pnment therein wthout
regard to transm ssion nmediumused for respective 1 1 JUN 2004 -9

comuni cation |inks. According to another aspect of the present invention,
the central control station described above is such that said signal
conver si on uni €M ECHhierpbaddFodul ati on units which convert the

respective denul tipl exed gi-gB¥as dft@o bagsrhRardaspddnglss eRd paichLentral
control station further 1ncludes a digital-to-analog conversion unit which

converts one ofinventhbse, bihe sieptatal i pebtanlasdladd o degazibed radio
{1equency convession bl Loull Gha COYEAt 8:LRE 1208100, nal uhgtg a0

frequency sig aving a radi o frequéency; a'radi ransm ssi on unit
whi ch transgn t $adee- tvand omofludgiteiney wnbal whactneafvehe thdi o base

stations, 15 an optical signal .conversion unit whi.ch canverts one of the
base- band si gn&SSR§tHI%es &mﬂl?%ﬂl%ﬁﬁgcﬁanﬁﬂﬁe9Q: ?%5598%; and an

optical signal gildPE4 Sahan sdiid o EPatoB¥ait® 1t her St ponl £herneapti cal
fiber communication into an optical signal, 20 and transmts the optical
signal to one éMmakdesdfodigdda st 8AILOHhEPAPTHECR| YRAl s t he

upper - |evel stalion-gseohbaRsidi&toh¥et BEntadynd I ANSALESHAN dHiH1o§O the
one of the radio base stations connected to the central control station 25
via one ofl@he sighal | i akraddwd frequenn¥nrenggngion unit which

converts the analog signal into a radio frequency
signal having a radio frequency, a radio
transmission unit which transmits the radio
frequency signal to one of the radio base stations,
i5 an optical signal conversion unit which converts one
of the base-band signals into a signal for optical
fiber communication, and an optical signal
transmission unit which converts the signal for
optical fiber communication into an optical signal,
20 and transmits the optical signal to one of the radio
base stations, whereby the signals from the upper-
level station are transmitted by the radio
transmission unit to the one of the radio base
stations connected to the central control station
25 via one of the radio links, and are transmitted by
the optical signal transmission unit to the one of
the radio base stations connected to the central
control station via one of the optical fiber links.
In this manner, when communication links
30 between the central control station and the radio
base stations are mostly optical fiber links,

optical transmission is usually performed as digital

transmission, thereby achieving an easier




the optical signal transmssion unit to the one of the radio base 151 gUN o$
connected to the central <control station via one of the optical fiber

l inks. In this manner, when communication |inks 30 between the central
control station and the radio base statiqns are nostly optical fiber

links, optical transm ssion is usually pépforned as digital transm ssion,
t hereby achieving an easier 1 1 JUN 2004 -10 conflguratlon of optical
transm ssion s stens Furt her ce the base-band no ion units can be

shared, effici&RP &ﬁ?ﬁqﬁ&%%fofso %ﬁ&xfr?&%%FaﬁﬁSWx§¥§k)ﬂﬁr aspect of

the present Spipv¢@Rid Onsihde €BB! bAsLWEMN®I msBalaencas WieBESi bat wdove
I's such that said S|gnal conversion units are base-band nodul ation units

whi ch convert sharedspetff elasfiumsetdierr et ghil §chdeySfhse- band signal s,
and said central control §é@&£ggntgurttchec[m%,g)efngggg@§ Q)fjlgﬁéakyr%%eﬁ{l@J og

conversion unit which converts oné of the base-band signals into an anal og
signal, a rsadi anfreeduercty theaveesitadluniaenwhdths teddwer tas t hesamrdlsmg si gnal

nio a radio frgduency sighalaiavidg @ LadierfLepuRlan oA hate il ate 15

frequency conv@ conver s ‘one of base- ban nals into
an internedi at Bakke@s#iTynogugaali oravimgt anvhhthr nedivadre: ftiequency, a radio

transm ssion unit which transm.ts the radi o fr uen nal ., to one of the
radi o base st aFPERECTINE fAeBpditdRlest eﬁl%ﬁﬁ rélg%’jﬁg SWRABA converts

one of the baggyhand signal Sahat @ehtsrdNakohOFolPkittiod i beEther
communi cation, and an optical signal transm ssion unit which converts the

i nternedi dt% fLredudns i Ghalted thi-aryhRy FORVEFSLCR $RbEr which
converts one of the base-band signals into an analog
signal, a radio frequency conversion unit which
converts the analog signal into a radio frequency
signal having a radic fregquency, an intermediate

15 frequency conversion unit which converts one of the
hase-band signals into an intermediate frequency
signal having an intermediate frequency, a radio
transmission unit which transmits the radio
frequency signal to one of the radio base stations,

20 an optical signal conversion unit which converts one
of the base-band signals into a signal for optical
fiber communication, and an optical signal
transmission unit which converts the intermediate
frequency signal or the signal for optical fiber

25 communication into an optical signal, and transmits
the optical signal to one of the radio base stations,
whereby the signals from the upper-level station are
transmitted by the radio transmission unit to the
one of the radio base stations connected to the

30 central control station via one of the radio links,
and are transmitted by the optical signal
transmission unit to the one of the radio base

stations connected to the central control station




1

25 communication into an optical signal, and transmts the optical signal
to one of the radi o base stations, whereby the signals fromthe
upper-level station are transnitted by the radio transm ssion unitf JUN %ble
one of the radi o base stations connected to the 30 central control station
via one of the radio links, and are transhitted by the optical signal
transm ssion unit to the one of the radio base stations connected to the
central control station | | I JUN 1004 via one of the optical fiber |inks.
In this manner VithePr@dPd thgnspdiierltbibereldyikfy from one radi o base

station to another radi OIﬁa%ﬁi%t HAdPetS IR SRS Dyn 588 1 LLgausley S
he [

conversion unit alone. This ps to sinplify the device structure.

Accordi ng to ametlleyimgpécrpmofonechergpidtasehasei sreriticon, t@a asbhiberof

processing signals. in_a__caontral station ghich C i 0 base stations
f PLpleRk

|
10 connected t A& VREer 5S40 hisS ahl e%?itt{)‘é?r&‘lg?ﬂﬁsqiuﬁ&%es t he

steps of desrul idgalvext 8008I gnalts alamppl | elhfisomeapsuppersimpeh £5t afhon,
converting the denultiEIexed signals into converted signals having a
uni fied transnid$STidre f BFRECE USSR distributing the 15 converted signals to

the radio Iinks and the oRbce@ldird bes hhBkher Bsgist GANghe Phasimps of
denul ti pl exi ng signals supplied fromthe upper-level station, converting

the demul tipl edéyetghans PnfiethpEonbepregesisgnd SRRy LRedunified
transm ssion I iBlo1 2BatiRh LWL D950 690 G B4ha! schdddle radio
i nks and the optical fiber links make 1t possible to share transceivers
bet ween ratd o connected thereto via radio links and optical fiber
links includes the steps of demultiplexing signals
supplied from an upper-level station, converting the
demultiplexed signals into converted signals having
a unified transmission format, and distributing the
15 converted signals to the radio links and the optical
fiber links.
| In this manner, the steps of
demultiplexing signals supplied from the upper-level
station, converting the demultiplexed signals into
20 converted signals having the unified transmission
format, and distributing the converted signals to
the radio links and the optical fiber links make it
possible to share transceivers between radio
communication and optical communication. Further,
25 distribution of the signals of the unified
transmission format achieves efficient use of
hardware resources. ,
According to another aspect of the present
invention, a radioc-base-station system includes a
30 plurality of radioc base stations, and a central
control station controlling said radio base stations

and connected to some of said radio base stations

directly via optical fibers, wherein one of said




o

comuni cation and optical comrunication. Further, 2% di stribution of the
signals of the unified transm ssion format achieves efficient use of
hardwar e resources. According to another aspect of the present i nidndUNoZff4
a radi o-base-station systemincludes a 30 plurality of radio base stations,
and a central control station controllingt%aid radio base stations and
connected to sone of said radio base stations directly via optical fibers,
wherein one of said 1 1 JUN 7004 -12 radi o base stations includes a radio
frequency con¥&XidrPRet SEGHLGF et EbuEBAY Er rashC | FFRENLACAt e frequency

signal into a q:j‘;élféngE[lﬁth %'cg{@ig@i:gdatgagioqwtéla@sﬂssi on unit

configured to transmt the radio frequency signal to another one of said
radi o base st atindressmedbasby fagiqhamey ofignaild inddi (@ beadiet firicans=ne@yei ves

a signal having.an _4Jn diate fr - e X t
station, and t é‘r%nﬁ]l[ s‘gﬁﬁgﬁsf%na © r"gg%ﬁ?%%s%ﬁgﬁ bﬂ’?ﬁogééﬁ#9§%%$%? ol
station to sai dranidher ohe efadkia dFré@dénchasd gsiat i tomsanbnheli sm@nner, a

radio base station can transmt a signal to another radjio base station by
converting a sPnaa¥dcERrddd PAGA tHe? tLRRFal ¥ ré‘g?ﬁr%ﬁ‘lgt 8PFfof*t 0 change

froman internmediai radi80¥EREY it BisREi PebeUANGY s Bfiflal hhavaeny essi on
is all that is necessary. According to another aspect of the present

invention, a rdditeueeelatst faeEIANEm FRePulss £ pmbr@PPEFod radio
base stations, angd #,cenhhal « YKL SERET 89 gn@Nt 1Al dd e §aied Jnrdirpe Dase

stations and connected to some of said radi o base stations
10 central control station to said another one of said

radic base stations.

In this manner, a radio base station can
transmit a signal to another radio base station by
converting a signal received from the central

15 control station to change from an intermediate
frequency to a radio frequency, and this conversion
is all that is necessary.

According to another aspect of the present
invention, a radio-base-station system includes a

20 plurality of radio base stations, and a central
control station controlling said radio base stations
and connected to some of said radio base stations
directly via optical fibers, wherein one of said
radio base stations includes a radio transmission

25 unit configured to transmit a radio frequency signal
to another one of said radio base stations, whereby
said one of said radio base stations receives a
signal having a radio frequency from the central
control station, and transmits the signal received

30 from the central control station to said another one
of said radio base stations.

In this manner, a radio base station can

transmit a signal to another radio base station by




il

directly via optical fibers, wherein one of said radio base stations

I ncludes a radio transm ssion 25 unit configured to transmt a radio
frequency signal to another one of said radio base stations, whereb sai d
one of said radio base stations receives a signal having a radio1ﬂnéﬂdﬂﬂcy
fromthe central control station, and transmts the signal received 30
fromthe central control station to said another one of said radio base
stations. In this manner, a radi o base station can transmt a signal to

anot her radi o kasevetaihgnaby ilgnallN-d084vet3 fa@wv efid Ngedtgiagnal recei ved
fromthe central control station to change froman internedi ate frequency
to a radio frefHEOLafGAtHAD dhverngs £5OH 1an nrtesmaddadeary. 5

According to angihigieRepetio & i Pr £860henkV A P MNen s BELYFNASLsJL ati on
systemincludes a "plurality of radio base stations, and a central control
station controlid myl kathatadiso negessanrions and connected to sone of said

radi o base stations 10 di pect | yz.vi ti fibers erei p,.aone of sajd
radi o base itations incIué%%%f@ﬁ%ﬁfg -%gsgﬁg O§SQ%#£eé§igHeuﬁﬁesen£
configured to donweitianbase-dahih-sagaaktantionarsyeedmgiscgodles aradi o

frequency conversion unit confjgured to convert the analog 15 signal into
a radio frequeﬁi?%ﬁgﬁgr,Ognﬁééﬁauﬁ?ﬁet?gﬁgﬁﬁ&ﬁTnP i ¢ E%H%F ed to
transmt the radimtrdélegyaraysidyiat ré 1 angt Bai dneadio sehder adia: DASE

stations, whereby said one of said radio base stations receives a signal as
a digital sign@md repmnogtede tenteng ebnfrdld FdidvrPazpdStAdddREs the

signal recghvedfrabtiPeviano 1 &PNE Pheshat iw?ﬂérté)ip one of said
radio base stations includes a digital-to-analog
conversion unit configured to convert a base-band
signal into an analog signal, a radio frequency
conversion unit configured to convert the analog
15 signal into a radio fregquency signal, and a radio
transmission unit configured to transmit the radio
frequency signal to another one of said radic base
stations, whereby said one of said radio base
stations receives a signal as a digital signal from
20 the central control station, and transmits the
signal received from the central control station to
said another one of said radio base stations.
In this manner, a radio base station
coverts a digital signal to a radio signal when the
25 digital signal is received from the central control
station, and can relay the radio signal to another
radio base station.
Other objects and further features of the
present invention will be apparent from the
30 following detailed description when read in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS




sai d anot her one of said radio base stations. In this manner, a radio base
station coverts a digital signal to a radio signal when the 2% 1dlUyi M
signal is received fromthe central control station, and can relay the
radio signal to another radio base station. OQher objects and further
features of the present invention wll bejapparent fromthe 30 foll ow ng
detail ed description when read in conjunction with the acconpanyi ng

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 11 JUN 2004 -14 Fig.1is a

bl ock di agram showi ng a figris§. 1 ephodi mRickOfd tdrhesABWindy et F9pstFi 9. 2
is a block diagram show ng a second enbodi ment of the present invention; 5
Fig.3 is a bl ocknBpasmemts it Fiye aPTRSLP L &ttt 7ePR: of the present

i nvention; Figs.4A througrp_iﬂgc ?rfsb 064 oY 5 arﬁhg%@g_ncgorg ::Iggg;‘?ht ons of

radi o receivers provided in the radio base Stations shown 1n rough
10 Fig.3; Fig.emsodikeoadk af aghenpoksantoderyentigné i s a bl ock di agram

showi ng a fourth enbodi nent, of ,the present invention;. Figq.7 is bl qck
diagran1sho§ﬁng a fifth !ﬁ}%m%ohfn§n§i8ﬁﬁru%%ﬁ%%%thPﬁgg i%nfhﬁf .8 is a
bl ock di agram cimBobtiaentcioerthef paekaaito iasmisiahi on connected to the
central control station via an op%bcal- i ber cormui?ic tign link in the

fourth and fifth enbodi medt'ds obAFFBTOUSY 4% 1Hck Ut 8GFaMSAENY a sixth
enbodi ment of tdwoRiRgERlodfVPEEORNons of radio receivers provided

in the radio base stations shown in Fig.l through
10 Fig.3:

Fig.5 is a block diagram of a modem;

Fig.6 1s a block diagram showing a fourth
embodiment of the present invention;

Fig.7 is a block diagram showing a fifth

15 embodiment of the present invention;

Fig.8 is a block diagram of a transceiver
of a radioc base station connected to the central
control station via an optical-fiber communication
link in the fourth and fifth embodiments;:

20 Fig.9 is a block diagram showing a sixth
embodiment of the present invention;

Fig.1l0 is a block diagram showing a
configuration of communication links between mobile-
communication base stations; and

25 Figs.1llA and 11B are block diagrams
showing configurations of transceivers of radio base

stations.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 In the following, embodiments of the
present invention will be described with reference
to the accompanying drawings.

Fig.1l is a block diagram showing a first




Fig.10 is a block diagramshow ng a configuration of conmunication |inks
bet ween nobil e- comuni cati on base stations; and 25 Figs.11A and 11B are

bl ock di agrans show ng configurations of transceivers of radi o bbdUN 2004
stations. 30 DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS I n the foll ow ng,
enbodi nents of the present invention willidpe described with reference to
t he acconpanying drawings. Fig.1l is a block diagramshowng a first 1 1 JUN
2004 -15 enbodi ment of the present invention. A central control station 50
(which may be amhﬂdmmentceﬁthe(pM&ﬁ@htSiﬁhbnmnﬂmm base stations having
a cluster structure are ﬁ%ﬁ%? i.ncludes 5 Cﬁntral y locat d nodens

61, through 61, E for cdfidh $RRLES Fﬁéhﬁﬂﬂréﬁ Bhirs Wﬁéﬂ?%n 50

and radio baseaSt@!dé)flér5éen5%alafEbr5ﬂro§| g8aks orahen NBab OB ons
conmuni cation control station are denultiplexed by nultlglex/denultlplex

equi prent 60 18aGin@ BuppHSEET & HIIC HRERNBTE1 U sSH oukkC 5282 SUpon

recei ving the signal h h t, ge I gnal aV|ng
i nt er medi atg ?'Jr eque%](':]y (?E q%hrgs nﬁ%desﬂn%na ggga{t@éuts rgﬁr{%@gﬁ QE fo
through 61, E amamhunxmbuted bpukﬂewethe16eeqmqihﬂnnﬁmbl05¢6nnun1cﬁﬂlon

l'i nk I t  of t k f
(1 Conv. 2) o3 eoaraafonfied SYARINET IR 8" patart B RAVBRRLS Tado o

frequency (RF) arafidvringadirom tthansesmmenicaAR2pn64dntanshi $ satheRRAasegnal s
to the 20 ramd%éﬁfflgig;ggn&%Lmultiplex/demultiplex equipment 60
10 to be supplied to the modems 61, through 61,.

Upon receiving the signals, the modems 61,
through 61, generate signals having intermediate
frequency (IF). The IF signals output from the
modems 61, through 61, are distributed by delivery

15 equipment 62 to communication links. In respect of
a radio communication link 20, a frequency converter
(f.Conv.2) 63 converts the IF signals into signals
(RF) héving a radio frequency (RF), and a radio
transceiver (TR2) 64 transmits the RF signals to the

20 radio base station 51.

In respect of an optical-fiber
communication link 23, the IF signals are converted
into optidal signals by optical transceiver
equipment (E/O, O/E) 65,. The optical signals are

25 then transmitted to the radio base station 54.

Receiving IF signals via an optical-fiber
communication link 22, the radioc base station 52
uses optical transceiver equipment (O/E, E/Q0) 70 to
convert the received signals into electrical signals,

30 which are then converted into RF signals by a
frequency converter (f.Conv.2) 71. A radio
transceiver (TR2) 72 transmits the RF signals to a

radio base station (BS) 53. In this manner, the




In respect of an optical-fiber communication link 23, the IF signals are
converted into optical signals by optical transceiver equipnent (E/ QO

O E) 652. The optical signals are 25 then transnmtted to the radi o loladéN 2004
station 54. Receiving IF signals via an optical-fiber conmunication |ink
22, the radio base station 52 wuses opticajgiransceiver equipnment (JE,
EfO 70 to convert the received signals into electrical signals, 30 which
are then converted into RF signals by a frequency converter (f.Conv.2) 71.

A radio transgeiges HARR) stAtilcSH t SethesReSi $akOaarenaf) 0 base
station (BS) 53. In this manner, the 1 1 JUN 2004 -16 radi o base station 52

serves to provifdatienay Thisctiekay ThiBCctdbay umehbeved Ashizved by a
simple confi QUi PN NBYhRg ofda d AT A 01 R LheAYality: FGRVEESI on, and this

is all that is ssary i very €equi pnent 'S eqU|pped with a
swi t chi ng functimegueandyswoncieess idest | aatli ahd sofis talahsthasi dss with
respect to %he | F SI nals from the nodens 61, through 61, x, depending on
10 commruni c tl&ﬁ%ﬁiiﬁggs such as traffic statuses Further, the delivery

equi pment 62 can connect Takl ddkzﬁéﬂﬁaéQuﬁpQ@mﬂwﬁmﬂﬂﬁﬁﬁqﬁipﬁéﬂTwah 61"
to a single destination, or can connect skgnals froma glurallty of radi o

base stations 3o SFEFRREBI EXNGIARR ( MEPRVEY 1 tChash g F Lpakhost
optically transddsrssignal suftqyer@s,tgég@altof Bty g @1ﬂh51@0tfrsrne f or mat

of ordinary digital signals, but are ransmtted through an internediate
frequency band the modems 61 through 61,, depending on
10 communication statuses such as traffic statuses

Further, the delivery equipment 62 can
connect all the signals from the modems 61, through
61, to a single destination, or can connect signals
from a plurality of radio base stations to a single

15 modem {(MODEM2).

In the first embodiment, optically
transmitted signals have a signal format that is not
the format of ordinary digital signals, but are
transmitted through an intermediate freguency band

20 that is used for radio communication. This achieves
shared use of transceivers between the radio
communication and the optical communication.
Further, use of the delivery equipment makes
efficient use of the resources.

25 Fig.2 is a block diagram showing a second
embodiment of the present invention.

The central control station 50 includes
the centrally located modems (MODEM2) 61, through 61,
for communication between the central control

30 station 50 and the radio base stations 51, 52, and
54. Signals arriving from the communication control
station are demultiplexed by the
multiplex/demultiplex equipment 60 to be supplied to




20 that is used for radio comunication. This achieves shared use of
transcei vers between the radio comunication and the optical

comuni cation. Further, use of the delivery equi pment makes efficient use
of the resources. 25 Fig.2 is a block diagram showi ng a second enbod!] diéhi004
of the present invention. The central contwiel station 50 includes the
centrally | ocated nodens (MODEM2) 612 through 61" for comrunication

bet ween the central control 30 station 50 and the radi o base stations 51,
52, and 54. Sitgoalsodemsvigly fthemuddie €pjmuni cation control station are
dermul tiplexed by the multjplex/denultiplex equipnent 60 to be supplied to
1 1 JUN 2004 -17 the node®@BL,Teh¢ebligRIsIRe ¢E8ei {hfgmadens ghdl s,

the nodens 61, tHF6QYEN6G1NgERRS AL SR s Raving IiHesARdhgLee frequency
(I'F). The IF signals are then converted 5 into radi'o frequency signals by

frequency convefreqgency. €&k 2) Bee IFr sdgnadeN anadthpe RPsigmoéd are
supplied tocgth i n | i Lver ' t. 62.
The radio t?angicr{e%eﬁag%% ff%?n%%?é}-t%%ggél\séi %r#a:fr?%g%h}eé?r g:(?ﬁlgy ]glgggs
station 10 (BS)f 5lon¥n2nespqcthafoudie ®fyf.i cald ftiher RFcommmalataoa | ink
23, the RF signals are.cqnverted a . frequency co er. (f..Cony.3) 67
into signals t%ﬂ?%gl§dfr5h3 ?nfﬁgﬁaetf8?§FF %éﬁaggg? 8 {5 the

optical -fiber tdenbvesyi equipntbrt ecfurt tae reehikertednsseaveptieal signal s
by the optical _ transceiver egﬁri pnent ig/ QC QO E) 657, The opticali signal s

are then transhi%3RaL5S; frde R 5 hIRe o the radio base station
10 (BS) 51.

In respect of the optical-fiber
communication link 23, the RF signals are converted
by a frequency converter (f.Conv.3) 67 into signals
having a frequency range {(e.g., IF range) for

15 optical-fiber transmission, and are further
converted inte optical signals by the optical
transceiver equipment (E/0, O/E) 65,. The optical
signals are then transmitted to the radio base
station 54.

20 Receiving IF signals through optical-fiber
communication, the radio base station (BS} 52
provided with the relay function uses the optical
transceiver equipment (O/E, E/0) 70 to convert the
received RF signals into electrical signals. The

25 radio transceiver (TR2) 72 transmits these
electrical signals to the radio base station (BS) 53
via the radio communication link 21. In this manner,
the configuration of the equipment with the relay
function can be significantly simplified.

30 In the same manner as in the first
embodiment, the delivery equipment 62 is eguipped
with a switching function, and switches destinations

of transmissions with respect to the IF signals ffom




station 54. 20 Receiving |IF signals through optical-fiber comunication,
the radi o base station (BS) 52 provided with the relay function uses ‘ﬁiﬂeﬁ
optical transceiver equipnment (OE E O 70 to convert the recei véd 004
signals into electrical signals. The 25 radio transceiver (TR2) 72
transmts these electrical signals to theigadi o base station (BS) 53 via
the radi o communication link 21. In this manner, the configuration of the
equi pnent with the relay function can be significantly sinplified. 30 In

t he same mannerthes modéhe Bl sthremyddidm|nt dedwendehgveny equi pment 62 is
equi pped wth a swtchi gg function, and swi tches destinations of

transm ssi ons WYHYREGBEL O SHAL YL FHEPs afr SRaf Big URt2adpsests t he

modens 61, through 61N, depeRdidld, Ofhe COETUHE [ REMEEgSUCh as
traffic statuses Further, the deli vergsequi prre%%t egglﬁc%n connect all the

signal s from t f@RRRFs2611 thier sliginabs ginemo thesimylemsie6l | nanronghor can

connect sighal g4fr lur al gt ko _ba S i a_singl nodem
(MODEMR) . In t%el"sg%no%dgé"%(ﬁ r%%??iléfggkgpbut%%oné%# 8‘2‘?8%%1:5 Sit rgﬁfgénded to
in the radio ffeguerntyplangdityl@BSoradid badeostemiomeatobon srianrglcei vers

can be i npl enent on ing the function of signal anplification.
When signal s a?“é’%d%' néﬁ??%gg%t'hrough optical -fiber comuni cation |inks,
these signals are converfad tihet &edgn@l smpbdamemnaperafsegusiey omnge 15

that is suitable for_optical transm ssion. This Jincreases |atitude in
desi gni ng opti CHINFEHshPsatdpnagiitpsin the radio frequency range,

10 so that radio-communication transceivers can be
implemented only by using the function of signal
amplification. When signals are transmitted through
optical-fiber communication links, these signals are
converted into signals of a proper frequency range

15 that is suitable for optical transmission. This
increases latitude in designing optical transmission
systems.

Fig.3 1is a block diagram showing a third
embodiment of the present invention.

20 In the embodiment of Fig.3, as far as the
radio communication link 20 is concerned, the RF
signals distributed by the delivery equipment 62 are
transmitted by the radio transceiver (TR2) 64 to the
radio base station (BS) 51 in the same manner as in

25 the second embodiment.

In the case of the optical-fiber
communication link 23, the optical transceiver
equipment (E/O, O/E) 65, converts the signals into
optical signals while letting it maintain the radio

30 frequency thereof, and transmits the optical signals
to the radio base station (BS) 54.

Further, the radio base station (BS) 52,

which is provided with the relay function, can use




Fig.3 is a block diagram showing a third enbodi ment of the present

I nvention. 20 In the enbodinent of Fig.3, as far as the radio

comuni cation link 20 is concerned, the RF signals distributed by1{tju 7004
delivery equi pnent 62 are transmtted by the radio transceiver (TR2) 64 to
the radio base station (BS) 51 in the sanggmanner as in 25 the second
enbodi nent. In the case of the optical-fiber comunication Iink 23, the
optical transceiver equipnment (E£Q QE) 652 converts the signals into

optical signal stidbi radliet tirghsde Tbat MR 2A)her 1 agh o+ 3@nkmaquedicy t her eof
and transmts the optical signals to the radio base station (BS) 54.
Further, the r RPbLBaLdYs=RTDIEBSFLIgRAlsHiTHRS BRrREYLISRSE thtehdomel ay

function, can usgsi 33N - 194k Bewhadieo Ad@dehehyeneTRAafg to

transmt the optically received signals to the radi o base station (BS) 53
t hrough radi o wireguepcy mifhgtheestadads.frequency of the signals. 5 In the

third enbodipnment, the dist | op,. . ' S 1S, atiend t,o i,n the radio
frequency ?ange, SO that]{ gﬂ%%d?%lgéa%gggﬁ%gyéé%anEﬁg %ﬁﬁﬁfﬁﬁ%ﬁ %anonly
by using the funttsbonaflssiighadt tanpkif iteatirorthd Or&ién Shequsigeal s are

transmtted through ogtictgl-fi%%er cogvuni cation |inks, these signals are
al lowed to ret i 9fie FRAITFT PRNEFIFEnJE NGO SIS THAS rantees a

conpl ete mat ch Ghp BeflBak eld BISIY SBYOlishiagmahe RIiNeEeDohhe ff adighal
communi cation 15 and the optical comunication. As a result, the central
control statiof®Rhifd€ati®i ce arrangenent

10 Even when signals are transmitted through
optical-fiber communication links, these signals are
allowed to retain the radio frequency range thereof.
This guarantees a complete match of signal
transmission formats between the radio communication

15 and the optical communication. As a result, the
central control station can use a device arrangement
that is independent of transmission medium of the
communication links.

Further, since the device arrangement used

20 in the central control station is the same for any
communication links between the central control
station and the radio base stations., shared use of
the eqguipment can be achieved to a higher degree,
and universal applicability of the equipment is

25 improved. Use of the delivery equipment 62 helps to
make efficient use of the modems and the like.

Moreover, modems and the like can be
allocated at any time depending on the traffic
conditions or the like between central control

30 stations and radioc base stations. This helps to
improve the efficiency of accommodation of
communication links.

Figs.4A through 4C are block diagrams




that is independent of transm ssion nmediumof the comrunication |inks.
Further, since the device arrangenent used 20 in the central control
station is the same for any comunication |inks between the centrd1 JUN 2004
control station and the radi o base stations, shared use of the equi prment
can be achieved to a higher degree, and unigversal applicability of the
equi pnent is 25 inproved. Use of the delivery equipnent 62 helps to nake
efficient use of the nodens and the |ike. Mreover, nodens and the like

can be all ocat eshawiagy ddmeigepandiong T thwiis afébeiveaigronsaey the
| i ke between central control = 30 stations and radi o base stations. This
hel ps to i nprovklt kBeemgdh RS setdAfctathiomn ot Ed@minitehEpBaN i nks.
Fi gs. 4A throughp4& are block diagrams 11 JUN 2004 -20 show ng
configurations of"radio receivers provided in the radio base stations
shown in Fig.| through FiRi®B. 4k gheksshdes nadie adagebsd@tsianion 5

connected throu he , radi grgyn' ti Jink. adio. 3
recei ver/trgnsc(g“{gx\l/}elrE%f‘?%)%g ecgﬁ\%eg%a%lroafoom@?gﬁgfl%\}‘loe{l alnl%]ﬁfenna, and
a frequency converter (f.XCoawd2p Stcedwarttsrdmeceteeel (ARX) gial into a

si gnal having an_i ntermedi ate 10 frequ ney; (IrPQ. dem ( 82 then
converts the [1E2SPINGS |ant]i)a%1%a§é9g§ﬁ‘d Sidy ,aﬂgﬁ?eﬂ% ied to a
radi o transni ssipagleney tcdvértakenfracR i i 8) Eehvieransntigsi on from
the base station to_ nobile stations. 15 Fig.4B shows a case in which an
received signal into a sigral having an intermediate

10 frequency (IF). Modem {MODEM2} 82 then converts the
IF signal into a base-band signal, which is supplied
to a radio transmission circuit {(air interface
circuit) for transmission from the base station to
mobile stations.

15 Fig.4B shows a case in which an
intermediate freguency signal is received by a radio
base station connected to the central control
station via an optical-fiber communication link.

After being converted into an electrical

20 signal from an optically transmitted signal, the
intermediate frequency signal is converted by a
modem (MODEMZ2) 83 into a base-band signal, which is
supplied to a radio transmission circuit (air
interface circuit) for transmission from the base

25 station to mobile stations.

Fig.4C shows a case in which a radio-
frequency signal is received by a radio base station
connected to the central control station via an
optical-fiber communication link.

30 A radio fregquency signal, after conversion
from an optical signal of the optical fiber into an
electrical signal, is supplied to a frequency

converter (f.Conv.2) 84, which converts the signal




I nternmedi ate frequency signal is received by a radio base station

connected to the central control station via an optical-fiber

comuni cation link. After being converted into an electrical 20 signalf 1 JUN 2004
froman optically transmtted signal, the internediate frequency signal is
converted by a nodem (MODEM2) 83 into a base-band signal, which is

supplied to a radio transm ssion circuit (air interface circuit) for

transm ssion fromthe base 25 station to nobile stations. Fig.4C shows a

case in which ainedi an finagmeneyi stgnalrelguamroei yegndy.a mad Qbesetrstation
connected to the central control station via an optical-fiber
communi cati on |9hktRSoIASIUANFY rSQREREF L fthlls LfoRVeESSde®T B from an

optical signal wfadhe (PpPbrsed) fddeintpta %seeJt?é:ﬂéi§§bn§E.9n@Jhié %pr'ied
to a frequency converter (f.Conv.2) 84, which converts the signa 1 JUN
2004 -21 into dihemnt ERRPdiiA® ¥9 cquEadiositeaismirhel oyt pdrcudft t heir
frequency cenver S d ggPE%/g 85.into a

base- band s?gn%ﬁﬁéﬁ?%ﬁbi éﬁt en1§ guﬁ% gﬁa{%qgl@rsé I 0 réﬁs%hsesibo%s%i rcuit
(air 5 interfacetatiocni tp mwbikeanshassbas.fromthe base station to nobile

stations. Fig.5 is a block, di agram of d MODEMR) . A base-band digital
signal supplied to the 1%%3%%? sasagjog%t ﬁat(gtfad?g?%aP P§%Al processing
by a base-band (mobEMbion/ denodul ati on unit 86. A D/A- and-A/ D converter

(DA, A/ID) 87 converts the output. of the base-band podul ati on/ denodul ati on
unit 86 into an anal og sfgfdse R AdIdsRterticdPdht duRRLlied to the

‘10 modem 1is subjected to digital signal processing by a
base-band modulation/demodulation unit 86. A D/A-
and-A/D converter (D/A, A/D) 87 converts the output
of the base-band modulation/demodulation unit 86
into an analog signal, which is converted into an IF

15 signal by an IF conversion unit 88 before being
output.

Fig.6 is a block diagram showing a fourth
embodiment of the present invention.
In this embodiment, the functions of the

20 modem (MODEM2), which are used for communication
between the central control station 50 and the radio
base stations (BS), are broken down. The central
control station 50 includes centrally located base-
band modulation/demodulation units 91, through 91,.

25 Signals arriving from the communication control
station are demultiplexed by the
multiplex/demultipléx eguipment (MUX/DEMUX) 60 to be
supplied to the base-band mcdulation/demodulation
units 91, through 91,. Upon receiving the signals,

30 the base-band modulation/demodulation units 91,
through 91, attend to digital signal processing of
modulation/demodulation. The processed signals

output from the base-band modulation/demodulation




15 signal by an IF conversion unit 88 before being output. Fig.6 is a

bl ock di agram showi ng a fourth enbodi nent of the present invention. In
this enbodi ment, the functions of the 20 nodem ( MODEMR2), whi ch ar & Lidléh 2004
for conmuni cation between the central control station 50 and the radio
base stations (BS), are broken down. The central control station 50

I ncl udes centrally | ocated base- band nodul ati on/ denodul ati on units 91,
through 91N. 25 Signals arriving fromthe comruni cation control station

are demul tipl exedily thg thddddi exideimd tapkexisaweamyy (MXGREMPY-HO to

be supplied to the base-band nodul ati on/denodul ation units 911 through
91N. Upon recei ¥AH&PMEa tsi Ghat ], COBMUuRd aifsiomahiinksdul di grfsRatdulodt i on

units 91, thro QLN @t LR dL¢i; | ghab o procesai. f
nodul ati on/ deno uPatioﬁi The proéesgég%gﬁékgfsiobu?pﬁ?iT?%ﬁ?fh@Dbase-band
modul at i on/ denpdahaeirdernl 1{ QA 280D )- 32 and sa®1IFt bpovgirsdilgn aueit 93

distributed_by the delivery .egui nt .62 to communication links..In
respect of 3 heg?galrgt(?oneﬁlyun}%g Fon ik Z%r,e%uﬁﬁyaﬁ&-gﬂlag' cnlmfépté‘rs (DA,
AID) 92 and an ¢bnoemtdiimtonat radib ganenadwc@nsighanmagt ad e frequency

signal, which i converted into, a r?%jo fre&gen ¥ si%nal by a frequency
converter (f.CohbCafedrY HROYSEFET (Farfley vt § R2 ?ransmts the

RF signal to therpadiceibase ctabhosa BRemlirddshittespeCcirRfsiffal to
optical -fiber comunication link 23, the digital signals fromthe

del i very equi pnEhe 62 R¥FGeftadioy dBFhynat- converter 952 into signals

having a Sh@nal format In respect of the optical-fiber

communication link 23, the digital signals from the
delivery equipment 62 are converted by a signal
converter 95, into signals having a signal format
for optical-fiber digital transmission. The optical

15 transceiver equipment (E/O, O/E) 65, converts the
signals into optical signals, which are then
transmitted to the radio base station (BS) 54.

The radio base station (BS) 52 is provided

with the relay function to relay signals to the

20 radio base station (BS) 53, and receives the digital
signals transmitted through the optical fiber. The
radio base station 52 uses the optical transceiver
egquipment (O/E, E/Q) 70 to convert the received
signals into electrical signals, which are then

25 converted by a signal converter 100 into digital
signals having the same format as the signals output
from the base-band modulation/demodulation units.
Then, a D/A-and-A/D converter (D/A, A/D) 101 and an
IF conversion unit 102 generate intermediate

30 frequency signals. The intermediate freguency
signals are then converted into radio freguency
signals by a frequency converter (f.Conv.2) 103, and

the radio transceiver (TR2) 72 transmits the RF




for optical-fiber digital transm ssion. The optical 15 transceiver

equi pnent (E/O QO E) 652 converts the signals into optical signals, Whuﬁp
are then transmitted to the radio base station (BS) 54. The radio baseJ 2004
station (BS) 52 is provided wth the relay function to relay signals to

the 20 radi o base station (BS) 53, and recghves the digital signals
transmtted through the optical fiber. The radio base station 52 uses the
optical transceiver equipnment (OE E O 70 to convert the received

signals into elecyiacal o e sradbbCcBagee stthaioR5(sopvented by a signal
converter 100 into digital signals having the sane format as the signals
out put from the base- band Ifodit&t§ dRE dBABAGTadoniunthe. £iTsdn thirough

D/ A-and- A/ D CO@@?E&re&E%éimﬂ&%s}Oéhé“deiﬁqﬁﬁi;%ﬁ%f%@%ﬁ% i t; 402

generate internedi ate 30 frequency signals. | at e frequency
signal s are thegcppedt wd tintap swiitchingqfiameticn gnahd byiddhesjuency

converter (f.Conv.2).103. an t radi.Q transceiver (TR2) .72 transmts the
R 11 SUN SooREestad Gepd br (HEaD 8 8 bRE L CreTRRF tL 30 [ HE Ne. ane
manner as in thsadé fsanhsdyatald hi rdmenhedibaed -shaide del i very equi pnent

62 is equipped with a switchin unction, .and switches 5 destinations of
transnissions\mqu}%EbQE{qﬁ?ﬁiﬁiaBbgﬁ-H&ﬁ&%ﬂ%ﬁkﬂ G t tv base- band

nmodul at i on/ denyid b d PRgUBIN clddud DEQYEBNOENa t lependihpe A’ aagpieation
statuses such as traffic statuses. 10 Fig.7 is a block diagram show ng a

fifth enbodi mSka¥esSeRe present invention. The fifth enbodinent of Fig.7

differs fr9g1 Fig.7 is a block diagram showing a f£ifth

! embodiment of the present invention.

The fifth embodiment of Fig.7 differs from
the fourth embodiment of Fig.6 in a configuration of
the optical-fiber transmission for transmitting

15 signals to the radio base station (BS) 52 that
serves as a relay to the radio base station (BS) 53.
That is, the base-band digital signals from the
delivery equipment 62 are converted into analog
signals by a D/A-and-A/D converter (D/A, A/D) 96,

20 followed by conversion into intermediate frequency
signals by an IF conversion unit 97. The IF signals
are then converted by the optical transceiver
equipment (E/O, O/E} 65, into optical signals, which
are transmitted through the optical fiber to the

25 radio base station (BS) 52. The radio base station
52 uses the optical transceiver eguipment (O/E, E/Q)
70 to convert the received signals into electrical
signals, which are then converted into RF signals by
the frequency converter (£f.Conv.2) 71. The radio

30 transceiver (TR2) 72 transmits the RF signals
through radio to the radio base station (BS) 53.

Fig.8 is a block diagram of a transceiver

of a radio base station connected to the central




the fourth enbodinent of Fig.6 in a configuration of the optical-fiber
transm ssion for transmtting 15 signals to the radio base station 1( BN 706
that serves as a relay to the radio base station (BS) 53. That is, the
base-band digital signals fromthe delivery equipnment 62 are converted
into anal og signals by a D)A-and-A/' D convegter (DA A/ D 96, 20 foll owed
by conversion into internedi ate frequency signals by an IF conversion unit
97. The IF signals are then converted by the optical transceiver

equi pnent (E/ Ocdd o653 tarti®mwpti£ahnSognakal hitdr esemunhdesddided
t hrough the optical fiber to the 25 radi o _base station gBS) 52. The radio

base station SHAnseknt hBeoFAWRID t#2AsELEEE SBRADRSRLEOE, E/FO 70 to

convert the received signgligjidi0 £l §6515C8LppAlidtl SromhialR e {hen
converted into RF signals by the frequency converter (f.Conv.2) 71. The

radi o 30 transewinerol TREptADn rdeongd the RPdigmhl £ibekr @¥gh radio to
the radi o base stati B 3..: Flg,8.] I | f; ranscei ver
of a radio gasecosq‘ééf‘?gﬁac%ngdctselod:é%ltﬁgﬁggﬁ?regrlﬁlpdlag{lﬁlmZS(ﬂ'ﬁ-élecont r ol
station via antptingl thebesamonmrmatt asnthiel Mdgmalseotisputth farminfifth
enbodi ments. Digital sigpals suppljed.fr th entral control ation

t hr ough t he opttiqb%?b??ﬁép’aé‘%e “&’D‘ﬁ%jr]?zgf'%g@ﬁ{}“’?“;ag mr R cBRVESter piéfbeF nt o
signals havi ngHie, sampakse-mind@smédelatgoal/gemddulatiom untie: base- band
nodul ati on/ denodul ation units. After this, a nge-b

nodul at i on/ dendhf @R A8n tEniALIiiual RTRARS SS9 tsd*glggﬁc«g?@ior‘?duo?tjs?ﬁnal
dermodul ati pp 1050, 8S+hOpRIRANSE SFdiRaty Base-ank s 9§akis . Therndase- band
signals are then supplieg to a radio
: base-band signals are then supplied to a radio
transmission circuit (air interface circuit)} for
transmission from the base station to mobile
stations.

15 In the above description, the description
has been given with regard to flows of signals
supplied from the communication control station. It
should be noted that other flows of signals also
exist from the radio base stations to the

20 communication control station where the radio base
stations exchange signals with mobile stations.

Such flows of signals from the radio base stations
to the communication control station can be
implemented by applying processing that is reverse

25 to the processing described above. For the sake of
simplicity of explanation, a description of such
processing has been omitted.

Fig.9 is a block diagram showing a sixth
embodiment of the present invention.

30 IF modulators 200, 202, and 204 receive
signals from upper-level stations, and modulate them
into intermediate frequency signals. A local

oscillator circuit 208 generates a signal having a




transm ssion circuit (air interface circuit) for transm ssion fromthe
base station to nobile stations. 15 In the above description, the
description has been given with regard to flows of signals suppliquhngm4
t he conmuni cation control station. It should be noted that other flows
signals also exist fromthe radio base staions to the 20 comuni cati on
control station where the radio base stations exchange signals with nobile
stations. Such flows of signals fromthe radi o base stations to the

conmuni cati on cHir®! rebghibarycan be Innplepiiad, by appky M qI&CesSi Ng
that is reverse 25 to the processing described above. For the sake of
sinplicity of Seferdtesnangofdsigabtsbanat bt gt Jeedulageradpethe
omtted. Fig.9.sa,b ' shoyw,R9 o3 SicdD s£5R96i ente i h

present invent iﬂgﬁqlﬁokféﬁﬁgg%%ﬁpf’s 200, 5 2, and S20 receive si g%gl s from
upper -1 evel st atddrsateddbyoeitamaheaptigad medarnetense2fl0aqlibhty

signals. A pcal(%3€£#L§§Lﬁ%iaif%ﬁtiggérggaquéi éﬁ%%%ﬂgggg%égﬂgla 11 JUN

2004 -25 radio esponse, a1l ase neraFES an

optical signal g$1ieangadvatad 1y-dbeivead eduigmenty2B60 - Akheaopti cal
signal is further nodul ated by external optical nod Iatorgl 210 211a 5 and
213 by using aFasiEfneldlst OO nﬁ§9§P8n8Ptﬁ%tssﬁ5%Ti5 e Ean ehnal

| F-delivery eqyEnt12R6awdsitbrd esubt, 2the @pld cal3 sagaahmoatputsaf rom
the external optical nodulators 210, 211, and 213 are nodul ated by the

frequencei es FpRY o freguenceigd Fi:o Fui~ Mothe oftteaftesifgnal fromthe
external 4,4 The optical signal from the external

optical modulator 210 is converted by a photo
detector 215 into an electrical signal (F., F.,
Foo+Fe. and F,-F;), which is then divided by a
divider 216. One of the divided electrical signal

15 is supplied to the BPF 217, which selects the
frequency F.,+F;,. Here, a description is provided
with reference to a case in which the frequency
F,o+F;; is used. Alternatively, the frequency F ,-F
may be used. The selected RF signal is transmitted

20 through an amplifier 220, a BPF 223, and an antenna
225. Further, an antenna 226 receives a RF signal
(Fo+F;) - This signal passes through an amplifier
224, a frequency converter 222, and a BPF 219, and
is supplied as an intermediate frequency signal F;

25 to the upper-level station via an IF-delivery
equipment 207.

A local oscillation frequency used by the
frequency converter 222 is a signal having the
frequency F,, that is extracted by the BPF 218 from

30 an electrical signal (F.. F.o. Fro*Fr. and Fo-Fpg)
where this electrical signal is one of the signals
divided by the divider 21i6.

The external optical modulator 211




optical nodul ator 210 is converted by a photo detector 215 into an
electrical signal (FIFg FLO 1 FLOtFrg,, and FLI-F,,,) , which is then
divided by a divider 216. One of the divided electrical signal 15 i9 1JUN?M4
supplied to the BPF 217, which selects the frequency FLO+Flr, Here,
description is provided wth reference t@d& case in which t he frequency
F,,+F,, is used. Alternatively, the frequency F,,,-F,,, nay be used. The
selected RF signal is transmtted 20 through an anplifier 220, a BPF 223,

and an antennaswnﬁii¢%r@heﬁpté@d%nsigu@QZBOréc@ﬁﬁ&s$¢$Figngdﬁs)

(FLOWF. L) - THis <) 803 PASRGRLAGl, an AR EIGY < 220100 ficaquency

converter 222, “and I'$" Suppl i€ as an erRedrate frequency
signal F,, 25ph@ﬂdﬁaierpeetok-e\zel7 Statdonigea an9l, Fajemn‘/ezyoequnpnent 207.

A | ocal OSCI||atI0n frequency used by the _frequ converter 222 is a
signal havi ng ef®l¥4d %ﬁeﬁé? FE8Y iBhs %%?ragtg %%FW%% g $18%3bm 30

an el ectriopl shr@iplad FXntehh@ 2flQHFItht andchb@viels: nagybere this
el ectrical signal is one of the signals divided by the divider 216. The

external opticgemgtiadbionivith ofider 084526 supplies an optical signa

to a base station (BS) ti ses a
phot o detector 227, a d|V|§ &h%g%ﬂuﬁQ%%&@%eé%?i%s ¥€guba%£?ﬁkgg Qgﬁg a BPF

236 to transni tthehes isgmyadl 15 tmansmntﬁménha 2be. uriier akdveles tradgi on
connunlcatlon\mttlcnrg%Pgﬁ 1e fquqg%ﬁg?éFéﬂgy\égﬁéaé%éélgPler nd the

signal is transmit tet e upper-1'evel ron~ via an anpli 37, a
frequency onverrer2 285, aalaser diode 228, a photo detector 212,

and the IF-delivery equipment 207.

The external optical modulator 213
supplies an optical signal (F;., Foo. FietFie. and F .-
F.;} to a base station (BS} 255 via an optical fiber.

15 The base station 255 uses a photo detector 241 to
convert the received signal into an electrical
signal (F;p., Fro, Fro+Fyr, and F,-F; ). A BPF 245 then
extracts an intermediate frequency signal F,,, which
is demodulated by the IF demodulator 243.

20 A signal toward the upper station is
modulated by an IF modulator 244 into an
intermediate frequency signal, and is transmitted to
the upper station via a laser diode 242, a photo
detector 214, and an IF demodulator 205.

25 In this manner, the laser diode 209 and
the local oscillation circuit 208 for downlinks are
shared by different communication links, thereby
simplifying the circuit structure.

Along the uplinks, the frequency

30 converters 222 and 235 use local oscillation
frequencies that are the frequency F,, detected by
the downlink photo detectors 215 and 227 and
extracted by the BPFs 218 and 231, respectively.




10 BPF 232, a laser diode 228, a photo detector 212, and the IF-delivery
equi pnent 207. The external optical nodul ator 213 supplies an optical
signal (FIF, FLO, FLO+FIF, and FLO FIF) to a base station (BS) 255 %hm %H
optical fiber. 15 The base station 255 uses a photo detector 241 tol N 7004
convert the received signal into an el ect+yarcal signal (FIF, FLo, FLOtFIF
and FLa-FYF) . A BPF 245 then extracts an internedi ate frequency signal

F1, which is denodulated by the |IF denodul ator 243. 20 A signal toward the
upper station is nndulatEdrhyeanIﬂhrmmﬁkatoo Zéhamite adin bpkaiEmdi at e

frequency si gnal S tran tted to the_upper statign via a |aser
dloge 24% agpﬁ&ﬁ§éik9@¥%89 %gk ERRAYSPEE Benddul%RSrobosherdasexhi s

manner, the | ageload 0figs 208daRte thfeA DCakcOSChlh @il QY i £Hi 90%08 dor
domnllnks are shared by different conmuni cation |inks, thereby

simplifying thQQQQTkﬁ@ s%#ﬁ@FuP€ @MQﬁ@ﬁ@hénGpPﬁﬁ@§n41mﬂ¢@@éﬁéﬁﬁy 30
converters g %gd 8 | ocal oscillation frequencies that are the

frequency FL O ected t he downl i nk photo detectors 215 and 227 and
extracted by the BPFs 218Iandh231emhn¢mm¢mtelylllrhhﬂuﬁm®4la2ErFurther

in order to generate ptical, , .sign aving.the frequenc use of
t he | aser dioaéog%ﬁsg%%gtﬁga 4 I%%é+ P%t?gnfefr qﬂgglxﬁ lﬁn&é | ock
| aser or a brogdmautmmtnenabtmmmneﬁanulétﬂay be& mﬂutaﬂgethngnenhodlnent,

all that the I?ser di odes %28 and 242 need % d% or “Q"”k is to
perforn1the optPEXPSRTLY &t 616 FYEhnhEe sfghalteis P“rpo

As described above, the present invention
is directed to a mobile communication base station
system, which includes radio base stations located
in respective cells including a macro cell and a
pPlurality of micro cells, and further includes a

15 central control station for controlling the radio
base stations. The central control station is
provided with all the modems or the like that are
needed for communication with the base stations and
mobile terminals. That is, all the modems are

20 gathered at the center location. This achieves use
of the same signal format between radio
communication and optical communication when
communicating from the center control station to the
radio base stations. Further, the outputs of the

25 modems or the like are distributed properly by
taking into account traffic conditions or the like,
thereby providing flexible communication routes for
communication with the center control center
irrespective of the level of development of

30 infrastructure in respect of the radio base stations.

Further, the present invention can make
shared use of devices at the central control station

between different communication links, thereby




| nexpensi ve devices suffice for this purpose. 10 As descri bed above, the
present invention is directed to a nobile comunication base statiohl JUN 2004
system which includes radio base stations |ocated in respective cells
including a macro cell and a plurality of mcro cells, and further
includes a 15 central control station for-2Z®ntrolling the radio base
stations. The central control stationis provided with all the nodens or
the Iike that are needed for communication with the base stations and
mobi | e term nalfgciThhtatdngald sime npedustdos .26 igep hif édadtionhe amadt er
| ocation. This achie . of th ape .signal for . between radio
connunicationa%ﬁﬁ%pgggég%gg %#cggéoﬁad 8n%%§%nﬁ#§% ?Pﬁg fromthe center
control station to the r&dirat@ase ¢dédivepy. elquilgmesnt thavanigpw s of the 25
nodens or the like are _distributed properl%f%y taking into account traffic
Eor

condi tions or tHEF¢ReTUNCRI O, MAY oBP dPAG gite RBFaRsEatTon routes

for —commung caijn NGt BFERR 1GRIY Qis &0k heCaiiRimd rd£SPREL MKk Of the |evel
of devel opnent of 30 infrastructure in respect of the radi o base stations.

Further, the pridgsentmakeéntitorPasmitbRetosRardddfse® gioBddPces at the
central controlg h PBa RSN éﬁﬁfEﬁSEto%%@?g“#fﬁﬁoavékﬁﬁi thereby 1 1

JUN 2004 -28 facilitating a siZe reduction, sinplification, and easy

desi gni ng of tperidivabase igt dtd¢wms. oFutrhesmids iovergapgeigyergndavi ng a
switch functio 1lrgaylb}geused for the purpose of 5 making efficient use of
the nodens or the [Tke: ™ This makes it possible to provide a nobile
communi cati®on system t hat Fafrftdresr hi ghieopeeaklnt invention is not

limited to these embodiments, but various variations
and modifications may be made without departing from
the scope of the present invention.
The present appiication is based on
15 Japanese priority application No. 11-375803 filed on
December 28, 1999, with the Japanese Patent Office,

the entire contents of which are hereby incorporated

by reference.




e ———————

performance in terns of transm ssion capacity and the like. 10 Further,
the present inventionis not limted to these enbodi nents, but varLgyﬁ
variations and nodifications nay be nade wi thout departing from the sgyﬁe
of the present invention. The present application is based on 15 Japanese
priority application No. 11-375803 filed o§g.Decenber 28, 1999, with the
Japanese Patent Ofice, the entire contents of which are hereby

i ncorporated by reference. 11 JUN 2004 -29 WHAT IS CLAIMED IS 5 1. A
central controlyim®tincLitmep @pntrol s radi o base stations connected
thereto via radio links and optical fiber |inks, conprising: a
denul ti pl exing unit which denmultiplexes 10 signals supplied from an
upper-1level station; signal conversion units which convert the respective
denul tipl exed signals into converted signals having a unified transm ssion
format; and a distribution unit which distributes the 15 converted signals
to the radi§ | inks and the optical fiber links. 20 2. The central control
station as Tlaimed in claiml1, wherein said signal conversion units are

i ntermedi ate-frequency copvenSicahtial Scvhteblcenarion hewhespecti ve
denmul tiplexed signals into_ 25 internedi ate frequenc siggals havi ng an
i nt er medi ate fCORIHRYS BRSPS taFleBAt FONNERLR] o ehRtRevia

conpri si ng: radio links and optical fiber links, comprising:
a demultiplexing unit which demultiplexes
10 signals supplied from an upper-level station:
signal conversion units which convert the
respective demultiplexed signals into converted
signals having a unified transmission format; and
a distribution unit which distributes the
15 converted signals to the radio links and the optical

fiber l1links.

20
2. The central control station as claimed
in claim 1, wherein said signal conversion units are
intermediate-frequency conversion units which
convert the respective demultiplexed signals into
25 intermediate frequency signals having an
intermediate frequency, and said central control
station further comprising:
a radio frequency conversion unit which
converts one of the intermediate fregquency signals
30 into a radic frequency signal having a radio
frequency;
a radio transmission unit which transmits

the radio frequency signal to one of the radio base




a radi o frequency conversion unit which converts one of the internediate
frequency signals 30 into a radio frequency signal having a radid 1 JUN
frequency; a radio transm ssion unit which transmts the radio frequen
signal to one of the radio base 1 1 JUN 2004 -30 stations; and an opti cal
signal transm ssion unit. which transmts-gpe of the internedi ate frequency
signals to one of the radio base stations after conversion 5 thereof into
an optical signal, whereby the signals fromthe upper-level station are
transmtted by dtetiadisQ tamansm ssion wunit to the one of the radi o base
stations connected to the central control station via one of the radio 10
links, and are transmittedhyPRheCBHt SdgRadi FiizaRsHESARLANs Wt Uhiticho t he

one of the radi&@&%-t?it YdPNe C@Heeﬁhgéﬁ&éi@c&eﬁféahe%yf rof gh @G on

via one of the optica ber links. 15 The central control station as
clainmed in claiondanewhdr dibhe seadiigi haske sdaterardnafifprs conversion

radi o- f requency, ,conver.si, unjts A C r{- the respective
derul ti pl exgd stf%%lé?gfi rjl‘t?lo%or QAJ% ooiglgigrgé‘q%g'\r%ly&lsﬁ gnhal s having a radio
frequency, and said cent mdemsngrdbhestsdignal S Uftdrer themuppsmgieaal

I nt er nedi at e frequgnc conversion ggit ﬁpi converts, one of. the radio
frequency signdfs2t#Rbo & i'?ﬁael?%’& F5RE PleditthcyP 2t Gnil 2al HS ARt 25
internedi ate fregueney, thd ashé® 4£aBRBI $UXD Wide WBtak ibhanstohsecead of
the radio frequencg signals to one of _the

to the central control station via one of the radio

10 links, and are transmitted by the optical signal
transmission unit to the one of the radio base
stations connected to the central contreol station

via one of the optical fiber links.

15

3. The central control station as claimed
in claim 1, wherein said signal conversion units are
radio-frequency conversion units which convert the
respective demultiplexed signals into radio

20 frequency signals having a radio frequency, and said
central control station further comprising:

an intermediate frequency conversion unit
which converts one of the radio frequency signals
into an intermediate frequency signal having an

25 intermediate fregquency;

a radio transmission unit which transmits
one of the radio frequency signals to one of the
radio base stations; and

an optical signal transmission unit which

30 transmits the intermediate frequency signal or one
of the radio freguency signals to one of the radio
base stations after conversion thereof into an

optical signal,




radi o base stations; and an optical signal transm ssion unit whic
transmts the internedi ate frequency signal or one of the radio 1eﬁﬁbmﬁ@
signals to one of the radio base stations after conversion thereof into an
optical signal, 1 1 JUN 1004 -31 whereby the signals fromthe upper-|evel
station are transmitted by the radio trans@lssion wunit to the one of the
radi o base stations connected to the central control station via one of
the radio 5 links, and are transmtted by the optical signal transni ssion
unit to the one of the radherske tbeaﬁﬁamghﬁnﬁmmmeﬂheoupmanxﬂmven

control statio n f I|nk 10.4. The central
control stati onrb aés{tff)gl %é: tt]'hfﬁ rf?ﬂ:?.%d e erglen rs s?ﬁﬁglsnbld"fﬁ/’e‘?gi on
units are 15 thxmfteqmemcpnxwwﬁrshenramﬂusbﬁnéﬁsﬁaﬂieh% id¥nnégsRACct i ve

demul ti pl exed s S int dio uency signals having a radio

f requency, and cg gﬂ cgﬁf‘&é-la%co(h‘fl? Fogt EFI%H'%r‘H%roE%nﬁ%l &hRy:radiadi o
transm ssiof unifinii cAnlr arHTdSan2lieRedobyt hthd asheiEhedWsNFYa $ignals to
one of the radio base stations; and an optical signal transm'ssion unit

whi ch transni tiSFAMENEFSERE b le FPefhenepesiafhdiie tvadhe bgfsa he radio
base stations aéﬁgelsHQV%wn%éé@r@ef t h€® cleMtG A @&ﬁtfghb t n Wher eby
y

the signals fromthe upper-level station are transmtte radlo
transm ssion whiia enetpd dibhe ofpthealafiiberaddrdtst i ons connected to the
central control station via one of the radio

10

4. The central control station as claimed
in claim 1, wherein said signal conversion units are
15 radio-frequency conversion units which convert the
respective demultiplexed signals into radio
frequency signals having a radio frequency, and said
central control station further comprising:
a radio transmissjion unit which transmits
20 one of the radio fregquency signals to one of the
radio base stations; and
an optical signal transmission unit which
transmits one of the radio frequency signals to one
of the radio base stations after conversion thereof
25 into an optical signal,
whereby the signals from the upper-level
station are transmitted by the radio transmission
unit to the one of the radio base stations connected
to the central control station via one of the radio
30 links, and are transmitted by the optical signal
transmission unit to the one of the radio base
stations connected to the central control station

via one of the optical fiber links.




.S
30 links, and are transmtted by the optical signal transnissionLgDh
the one of the radio base stations connected to the central cont NﬂM4
station via one of the optical fiber links. 1 1 JUN 2004 -32 5 5. The
central control station as clained in claim1, wherein said signa
conversion units are base-band nodul ati orR3grRits which convert the
respective demul ti pl exed signals into base-band signals, and said centra
control station further 10 conprising: a digital-to-anal og conversion unit
whi ch converts one of the base-band signals into an analog signal; a
radi o frequency conversion unit which 15 converts the analog signal into a
radi o frequency signal having a radio frequency; a radio transm ssion unit
which transmts the radio frequency signal to one of the radi o base
stations; 20 an optical signal conversion unit which converts one of the
base-band signals into a signal for optical fiber conmunication; and an

optical siggal transission wHd dbhERa1CORANSL [IeatiaRlad Oéjh££$gaa'

fi ber conmunication 25 into an optical signa and transm'ts the optical
signal to one oﬁntthéamdllo e siat soAd, sWgrabycemeessgdoal urfios aire

upper -1 evel stgg Npahg %{qﬂgﬂgéigg pX&E%oW?ﬁg#h é5§G§F§| Lon unit to the

one of the radlo ase stations conhec e cen gﬁ%trol station
via one of thenﬁx@ecthwakﬂemutkB@Bekeansmgnamhtmmthebap@4nﬁnalgnm
transm ssion unlt tglg?eﬁ% salérggﬁ a%ntrol station further

10 comprising:

a digital-to-analog conversion unit which
converts one of the base-band signals into an analog
signal;

a radio frequency ceonversion unit which

15 converts the analog signal into a radio frequency
signal having a radio frequency:

a radio transmission unit which transmits
the radio frequency signal to one of the radio base
stations;

20 an optical signal conversion unit which
converts one of the base-band signals into a signal
for optical fiber communication; and

an optical signal transmission unit which
converts the signal for optical fiber communication

25 into an optical signal, and transmits the optical
signal to one of the radio base stations,

whereby the signals from the upper-level
station are transmitted by the radio transmission
unit to the one of the radio base stations connected

30 to the central control station via one of the radio
links, and are transmitted by the optical signal
transmission unit to the one of the radio base

stations connected to the central control station
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stations connected to the central control station 1 1 JUN 2004 -33 via one
of the optical fiber links. 5 6. The central control station as claiqqqmwzmu
claim1l1, wherein said signal conversion units are base-band nodul ati on
urits which convert the respective demultiplexed signals into base-band 10
signals, and said central control station-ggcther conprising: a

digital -to-anal og conversion unit which converts one of the base-band
signals into an analog signal; 15 a radi o frequency conversion unit which
converts the aral®goséegdbdl thd wmt1adloffibeguanaiks signal having a radio
frequency; an internediate frequency conversion unit which converts one of
t he base-band signals into an 20 internedi ate frequency signal having an
intermediate frequency; a radio transmission unit which transmits the
radi o frequency signal to one of the radio base stations; 25 an opti cal
signal conversion unit which converts one of the base-band signals into a
si gnal for5optical fi ber conmunication; and an optical signal transm ssion
unit which “converts the internediate frequency signal or the 30 signal

for optical fiber comuni éat iTdre icdwtaalopbintaiolsigret ioandst dnsimdéd t he

optical signal ;to ne of the radio base statiaqns, whereby the signals from
t he upper-l evellnl leﬁm fl, w%ereln saigl signa donver31¥n unltsg are

base-band modulation units which convert the
respective demultiplexed signals into base-band

10 signals, and said central control station further
comprising:

a digital-to-analog conversion unit which
converts one of the base-band signals into an analog
signal;:

15 a radio frequency conversion unit which
converts the analog signal inteo a radio frequency
signal having a radio freguency:

an intermediate freguency conversion unit
which converts one of the base-band signals into an

20 intermediate frequency signal having an intermediate
frequency:

a radio transmission unit which transmits
the radio frequency signal to one of the radio base
stations;

25 an optical signal conversion unit which
converts one of the base-band signals into a signal
for optical fiber communication; and

an optical signal transmission unit which
converts the intermediate frequency signal or the

30 signal for optical fiber communication into an
6ptical signal, and transmits the ¢optical signal to
one of the radio base stations,

whereby the signals from the upper-level




-34 station are transmtted by the radio transmssion unit to the one of
the radi o base stations connected to the central control station dth@mQMK
of the radio links, and are. transmtted by the optical signal 5

transm ssion unit to the one of the radio base stations connected to the
central control station via one of the opjjcal fiber links. 10 7. A nethod
of processing signals in a control station which controls radi o base
stations connected thereto via radio links and optical fiber 15 Iinks,

conpri si ng the s$APSoRf ardeFitldn i £xt 88 s?gra%s SR | eahERTsA on
upper-1level station; converting the denul | exed signals into converted

signal s haV|ngwmiﬁﬂt¢e§h?r@mﬁﬂQﬁl%heZOaﬂéPn@@SQﬂﬁﬁ%ﬁ%@hﬁb@ﬂﬂﬂFQh@d
converted signglcs ﬁ&etQS{xtﬁr%‘i' %Jd*&l‘élaQQaﬂ% acaclné Q%; hle"KSsq 23 30 8.

A radi o- base-station nprising ura I'0 base
stations; and annkurahndommaﬂtnanﬁmbntednbyoMhaKPEMudalradgmdmwe
stations an c nnected to sone .of salga?rad stataons directly via

optical fib Rﬂﬂﬁ@ﬁﬁsgﬂg O3y P 008558 ?cﬁ% 1°1°%8¢ 1004 - 35

i ncludes a radlsﬂ:afﬁmugn@bnﬁ@m@@@@ tREt ceﬁQ&fdlthfcﬁﬂthlCQIt\aﬁtriozﬁn

i ntermedi ate frequency %nal into a radio frequency signal and a radio
via oné of he optical fiber links.

10

7. A method of processing signals in a
control station which controls radio base stations
connected thereto via radio links and optical fiber

15 links, comprising the steps of:

demultiplexing signals supplied from an
upper-level station;

converting the demultiplexed signals into
converted signals having a unified transmission

20 format; and
distributing the converted signals to the

radio links and the optical fiber links.

25
8. A radio-base-station system,
comprising:
a plurality of radio base stations: and
30 a central control station controlling said

radio base stations and connected to some of said
radio base stations directly via optical fibers,

wherein one of said radio base stations




transm ssion unit configured to transmt the radio 5 frequency sigppu%ﬁgw
anot her one of said radio base stations, whereby said one of sai 4
base stations receives a signal having an internmediate frequency fromthe
central control station, and transmts the signal received fromthe
central 10 control station to said another3b6re of said radio base
stations. 15 9. A radi o-base-station system conprising: a plurality of
radi o base stations; and a central control station controlling said 20
radi o base st atirontuded eommtiedfrequemeyofcmurelrsiadi onddse stations
directly via optic fiber wherein.one Q ase stations

el uded a 1 adi S EFARRRES s T T Eb PR e e P hR AR o
frequency signaligRaanehhtey Oneadio’2Breguénadisidese ahat ionsmdiber eby
said one of said radio base stations receives a signal having a radio

frequency frombFRAEBAEEFHO Yl cepidgyredade transSHits thfe SrgAS

recei ved ermtﬁFb&§QBE§|sfﬁHﬁiofoshﬁbkﬂ%ﬂ(bﬁéﬂékaﬁﬂiﬁe&dakh(%a§é'd
radio 30 base stations. 10. radi o- base-station system 1 1 JUN 2004 -36

conprising: a gtakapnsy @mQQﬁhb pasd ong icdhssabddradéentr@de control
statlon controldigisakds di‘PeQaéesipﬁsllo PTG CORNERKRdrd, P Of sl d

5 radi o base stafions |rec y via opt ers wherein one o
radi o base MJﬂﬁmmquehnglmrﬂmetmbgceatrﬁd mnﬂtmpboatetsp@nlﬁmd
transmits the signal received from the central
10 control station to said another one of said radio

base stations.

15
9. A radio-base-station system,
comprising:
a plurality of radio base stations; and
a central control station controlling said
20 radio base stations and connected to some of said
radio base stations directly via optical fibers,
wherein one of said radio base stations
includes a radioc transmission unit configured to
transmit a radioc frequency signal to another one of
25 said radio base stations, whereby sald one of said
radio base stations receives a signal having a radio
frequency from the central control station, and
transmits the signal received from the central
control station to said another one of said radico

30 base stations.

10. A radio-base-station'system.




configured to convert a base-band signal into an analog signal, a rad
frequency conversion unit 10 configured to convert the anal og signﬁk bnto a
frequency signal, and a radio transm ssion unit configured J 2004
transmt the radio frequency signal to another one of said radio base
s, whereby said one of said radi o-B@ise stations receives a 15
as a digital signal fromthe central control station, and tran
nal received fromthe central control station to said another
radi o AR 58 4RP6ns

radi o

station
si gnal

the sig
of said

10

15

a plurality of radio base stations; and

a central control station controlling said
radio base stations and connected to some of said
radio base stations directly via coptical fibers,

wherein one of said radio base stations
includes a digital-to-analog conversion unit
configured to convert a base-band signal into an
analog signal, a radio frequency conversion unit
configured to convert the analog signal into a radio
frequency signal. and a radio transmission unit
configured to transmit the radio frequency signal to
another one of said radio base stations, whereby
said one of said radio base stations receives a
signal as a digital signal from the central control
station, and transmits the signal received from the
central control station to said another one of said

radio base stations.
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