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FromtheEditor

㎞ovationincomputerand民lecom-

municationstechnologyispromoting

therapidinf()rmatizationofJapanese

society.Computers,rangingfrom

verylargegeneral-purposecomputers

toverysmallcomputersandEWSs

(EngineeringWorkstations),have

beenintroducedintoawiderangeof

fieldsaccordingtotheirpurposes.In

particular,theproliferationofhigh

performancePCsandothertypesof

verysmallcomputersispromoting

downsizingamongbusinessusers,as

wellasinformatizationamongindi-

vidualandhomeusers.However,the

valueofcomputersisreducedbyhalf

whenusedasstand-alonemachines.

hotherwords,downsizingcanbe

achievedandaninformatizedsociety

inthetruesenseofthewordcanbe

realizedbyconstructingnetworksof

computersthatarecomectednotonly

byconventionalmeansofcommuni-

cation,butbynewmeansofcommu-

nications,suchasopticalfibersand

radio.InJapan,mediathathave

appearedasaresultoftheprogress

inelectronicstechnologyarecalled

"newmedia"asoPPosedtoconven -

tionalmedia,suchasnewspapers,TV,

andradio.Therefore,theterm"new

media"isusedinaverybroadsense,

comprisingradiomedia,suchas

teletexandHDTV,cablemedia,such

asbi-directionalCATV,videotex,TV

phones,andvideoconferencing,as

wellasdatarecordingmedia,suchas

videodiscs,CDs(compactdiscs),op-

ticaldiscs,andICcards.Meanwhile,

theprogressofinformationtechnology

isbringingaboutchangesalsointhe

丘eldofdatabases,whichusedto

centeronnumericandcharacterdata.

Inotherwords,so-calledmultimedia

databasesinwhichalargevarietyof

infbrmation,includingvoice,images,

andvideo,isintegratedarecoming

intOWideuse.Recently,hypermedia,

whichhastheadditionalelementof

humanlogicalthinking,hasalsobe-

comeatopic.Thus,theimportanceof

newmediaiSCOnStantlyinCreaSing.

Forthisreason,theJapaneseGov-

ernmentisformingvariouspolicies

forpromotingnewmedia.Forexam-

ple,theysupportnotonlyR&Din

technologicalfields,butalsoconcepts

that,asapPlications,vitalizeand

promotetheregionaldevelopmentof

informatization.Forexample,MITI

ispromotingtheNewMediaCom-

munityConcept,andhasestablished

theNewMediaDevelopmentAsso-

ciationasthemainbodytopromote
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thisconcept.Therearealsoothers

suchastheTeletopiaConceptofthe

MinistryofPostsandTelecommuni-

catiolls.TheNewMediaCommunity

ConceptPr()jectstartedin1984.Itis

todesignatecitiesinvariouspartsof

thecountryasmodelareas,andto

realizeanadvancedinfbrmatization

societybymeansofnewmediaappli-

cations,suchasbi-directionalCATV,

videotexanddatabaseservicesthat

fUllyutilizehighspeedcommunica-

tionlinessuchasopticalfibersand

satellitecommunications.Thispr()ject

aims,bytheseservices,todecrease

theinformationgapbetweenregions.

Since1984,JapanandGermanyhave

heldtheJapan-GermanyForumon

InfbrmationTechnologyinthetwo

countriesalternatingly.TheEighth

ForumwasheldinMay,1993in

Weimar,Gemany.Theoblectiveof

thisfbrumistodeepenmutualun-

derstandingandtopromoteexchange

betweenthetwocount亘esinthein-

formationtechnologyfieldbygather・

ingleadersofthetwocounthesinthe

丘eldsofindustry,academia,andgov-

ernmentunderoneroo£Theforum

consistsofageneralmeetingattended

byalltheparticipantswherekeynote

speechesandthelikearedelivered,

andthreeworkshopsoncomputers,

newmedia,andsemiconductors.

Specialistsinthesefieldsgivepres-

entationsattheseworkshops.Atthe

EighthForum,asatallthepreceding

forums,aboutninespecialistseach

fromJapanandGermanyintroduced

thecutting-edgetechnologiesofboth

countries.ThisissueofJIQcenters

onthepresentationsmadebythe

JapanesespeakersattheNewMedia

Workshopoftheforum.Thesepa-

persintroducethelatesttechnologies

inthisfieldinJapan,andwe.hope

thattheywillproveusefultoour

readers.Wewouldliketoexpress

ourgratitudetotheJapanesespeak-

erswhoreadilyapprovedpublication

ofthepapersinJIQ.

YujiYamadori

Director

Research&InternationalAf]』irs
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Digital CellularSystemsand

Services

ToshioMiki

ExecutiveResearchEngineer

R&DDepartment

NTTMobileCommunicationsNetworkInc.(NTTDoCoMo)

Introduction

Publiccellulartelecommunication

servicesarenowrapidlypenetrating

Japan.TherewereapproXimately

1、6millioncellularsubscribersatthe

endof1992.Inordertoaccomodate

increasingdemandandtoprovidenew

services,developmentofdigitalcel-

lularcommunicationsystemshas

beenveryactiveinJapan,aswellas

inEuropeandNorthAmerica.

InJapan,technicalrequirementsfbr

thedigitalcellularsystemswerede-

liberatedandthenreportedbythe

工elecommunications工echnology

Ωouncil(TTC)in1990.Thefirstver-

sionofthedetailedair-interface

standardspecificationsRCRSTD27

f()rtheI三ersonal]⊇igitalΩellularte1-

ecommunicationsystem(PDC,once

calledJDC)wasestablishedbythe

BesearchandDevelopmentΩenterfbr

BadioSystems(RCR)in1991(RCR

STD-27B1993).(1)

Based皿RCRSTD27,NTTMobile

CommunicationsNetworkInc.(NTT

DoCoMo)deve}opedequipmentsfor

thecellularinfrastructureandmo-

bileterminalswithadvancedhard-

waretechnologies.(2)Thestandardair-

interfacespeci丘cationsandsystem

perfbrmanceswereverifiedbyfield

trialtestscarriedoutintheurban

areasofTokyoandYokohamain1992.

Theinitialcommercialservicestarted

intheTokyoareaonMarch25,1993.

ThePDCcanprovidevarioushigh

qualityenhancedserviceswitheff1-

cientspectrumutilizationbyapPly-

inganewlydevelopedfulldigitallink

controlschemeandISDNsignaling

systems.(3)Compactbasestation

equipmentsandportablephonesare

available.

3 JIQNo.94,1993



ThispaperpresentsthePDCstand-

ardspecifications,systemcon丘gura-

tion,systemfeatures,andfutureevo-

lutionthatwillsupPortnewservices.

PDCStandard

Sincethefrequencybandsfbrexist-

illganalOgCellUlarSyStemSwereal-

readyl㏄kedup,thePDCsystems

wereassignednewbands:800/900

MHzbandswith16MHz×2band-

width.1.5GHzbandwith24MHz×

2bandwidth.800/900MHzbands

aresharedbytwoexistingcommon

carriers,while1.5GHzbandwillbe

utilizedbytwonewcommoncarriers.

Typicalspeci丘cationsofthePDCair-

interfaceareshowninTablelcom-

paredwiththoseofNADCandGSM

standards.Themodulationscheme

isspectrumeff1Cientπ/4-QPSKsothat

theinterleavedcarrierspacingis25

kHz.TDMAisemployedasthemul-

tipleaccessmethod.Thenumberof

TDMAslotsis3forfull-rate(11.2kb/

s)speechCODECs,alldwillbe6fbr

half-rate(5.6kb/s)speechCODEC

thatisnowunderstandardization.

PDCemploys-to

improvereceiversensitiVityandre-

sistancetomultipathfading.Thus,

themobilestationoutputpowercan

bereduced,andanadaptiveequal-

izermayberemoved.Thediversity

receptionaswellasvoiceoperated

transmission(VOX)savesbattery

powerandmakesthemobilestation

verycompact.

Logicalandphysicalchannelstruc-

turesarealsode丘nedinPDCtoen－

TablelTypicalSpecificationsofthePDCAir・lnterfaceStandard

PDC NADC GSM

FrequencyBand
800MHz&
1.5GHz

800MHz 800MHz

CarrierSpacing
25kHz

InterleaVing
30kHz

InterleaVing
200kHz

Interleaving

Modulation 崩 ・QPSK GMSK

MultipleAccess 3(6)chTDMA 8(16)chTDMA

CarrierBitrate

(CODEC)
42kb/s

(VSELP,11.2kb/s)
48.6kb/s

(VSELP,13kb/s)

270kb/s

(RPE・LTP,22.8kb/s)

Equalizer Option Mandatory Mandatory

Diversity Option Option .

FrequencyHoPping ・ ・ Option

LinkControl FullyDigital AnalogAMPS FullyDigital

JIQNo.94,1993 4



surethe"roaming"capability.A3-

layeredsignallingstructurebasedon

theOSImodelisadoptedtoallowin-

dependentdevelopmentofthetrans-

missionmethodsandcolltrolsignals.

SystemConfiguration

Figurelshowsthesystemconfigura-

tionoftheNTTDoCoModigitalce1-

lularnetwork.Asshowninthe丘gure,

thissystemcomprisesthemobile

COmmUniCatiOnCOntrOlCenterS

(MCC),thebasestations(BS),and

themobilestations(MS).

TheMCCconsistsofD60digitalau-

tomobileswitchingsystem(D-AMS),

speechprocessingequipment(SPE)

f()rspeechcoding/decoding,andbase

stationcontrolequipment(BCE).By

locatingSPEintheMCC,thecostof

MCC-BSlinkscanbereducedconsid－

erablybecauseone64kb/slinkcar-

riesthree11.2kb/straf五cchannels.

TheBScomprisesmodulationand

demodulationequipment(MDE)and

transmitteramplifierequipment

(AMP).TheBSbecomesverycom-

pactbyreplacingthecurrentmassive

multiple-carriercombinerwiththe

multiplecarrierampli丘er.Anexist-

ingallalogBSWith3sectorcellsand

approximately300channeltranceiver

requires15frame.Itsdigitalcellular

equivalenttakesonly2frames.

Theyolumeandweightofthedigital

portabletelephonesareapProxi-

mately150ccand230g.Powersav-

ingtechniquessuchasVOXandeffi-

cientpoweramplifierenablelonger

batterylifethanispossiblewithana-

Iogsets.

タ
▽

MS

ADP

MS

＼/

Optical

Link

、 、

、
、

、 、

、
、 、

、 、

、 、

、
、

、 、

・・
、Fibe「

AMP

耶
ISDN/PSTN

CompactBS

<▽

ADP

、 、
、 MDE ll＼

SPE D-AMS」 一 ー 一

画AMP MDE

BS MCC

FigurelSystemConfiguration
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SystemFeatures

(1)SystemCapacity:Thecapacity

ofthePDCsystemisestimatedtobe

1.5millionforfullratespeechCODEC

users,andwouldbedoubleusinghalf

rateone.Theultimatecapacityof

PDCwithmacrocellstructureinTo-

kyometropolitanareaandthrough-

outJapanisabout5millionand10

million,respectively.Thus,PDCwill

fUlfillthepredicteddemandinthe

yearof2000.

anentirecell(upto1-2%channel

errorrate)、

FUtUreEVOIUtiOn

AhalfratespeechCODECisnow

understandardizationandwillbein-

troducedwithinacoupleofyears.Its

qualityistobethesameorhigheras

fullrateCODECwithareasonable

increaseofcircuitcomplexityandde-

laytime.Thealgorithmselectionmay

becompletedbythisfbrum

(2)Error・freeFAX/1)ATAtrans・

mission:Anadapterisprovidedat

MSandMCCforconvertingbetween

voice-bandmodemsignaland112

kb/sPDC-TCHdata.Error-freefac-

similesignaltransmissionwithless

than40sec/pageisachievedwiththe

Useofthehigh.throughputARQ

(wORM・ARQ:ARQwithwindow-

controlOperationbasedonReception

Memory)transmissionscheme.The

widelyusedMNPmodemprotocolis

alsos叩Portedf()rdatacommunica-

tions.

(3)SpeechQuality/Security:The

combineduseofsignalscramblingand

encryptionoffersextremelyhighlevel

ofsecurityandcon丘dentialitywith-

outanydeteriorationofspeechqual-

ity.Furthermore,thePDCcanpro-

videalmostconstantqualitywithin

JIQNo.94,1993 6

UnrestricteddigitalinfOrmation

services(8/64kb/s),packetexchange

services,shortmessage/1㏄ationdata

services,andUPTserViceswillbe

introducednearfuture.

Conclusion

Thestandardspecificationsandthe

systemstructureofPDCsystemhave

beendiscussed.NTTDoCoMohas

startedtheinitialcommercialservice

Withhighquality,compact,andeco-

nomicalequipments.Thenextobjec-

tivesareahalfratespeechCODEC

andvariousnewserVices.
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DigitalCellularNetwork

Technologies

YujiKitahara

AssistantGeneralManager

MobileCommunicationSystemsDivision

NECCorporation,Japan

Abstract

PersonalDigitalCellulartelecommu-

nicationsystem(PDC)inJapan,de-

velopedunderthespecificationNo.

STD-27andissuedbyRCR(Research

andDevelopmentCenterfbrRadio

systemsinJapan),wasintroducedby

NTTDoCoMoinMarch,1993.

Thispaperwilldiscussthenetwork

technologiesadoptedinthePDCsys-

tem.InSTD・27,anairinterfacebe-

tweenthebasestationandthemo-

bileterminalwasspecified;however,

theProtocolsoftheswitchingnet-

work,thoughthesignalingsystemis

basedonCCITTNo.7,havenotbeen

specified.Thoseprotocolsofthe

switchingnetworkwerecommonly

specifiedamongJapaneseoperators;

theirstandardizationworkhasbeen

executedbyTTC(TheTelecommuni-

cationTechnologyCommittee).In

thePDCsystem,manyofthefea－

turesandserviceshavebeenconsid-

eredandspecifiedwithnewnetwork

technologies.

Summary

Thispaperconsistsoffivechapters:

1)networkconfiguration,2)signaling

structure,3)controlsystem,4)sys-

temconfiguration,and5)future

trends.

(1)NetworkConfiguration

Therearethreekindsofnetwork

structurefbrmobiletelecommunica-

tionsystems.The丘rstoneisthata

totalmobilesystemisoperatedasa

partoffixedtelephonesubscribers

connectedtOthePSTNnetwork.The

secondoneisthatamobileswitchis

providedinthePSTNandamobile

basestationisoperatedasoneofthe

subscribers.Thethirdstructureis

thataPSTNswitchisusedfbrthe

JIQNo.94,1993 8



mobileswitchandeachbasestation

isoperatedasoneofthesubscribers.

Figurelshowsanexampleofthe

telephonecommunicationsnetwork。

Inthisillustration,``SW'denotesthe

trunkcommunicationsnetworks,

whichareconnectedWitheachother

bymetaland/orfiber-opticcables,

microwave,andsatellitelinks.

Thiscableinterconnectionwillbere-

placedbyradiolinkinthefUtureif

theradiolinksprovetobemorecost-

effectivethanthewires,eventaking

intoaccounttheradiospectrum-re-

latedproblems.

Figure2depictsdetailedsystemcon－

五gurationsmoreconcretelythanin

Figure1.Basically,thedifferencein

thesystemconfigurationbetween

analoganddigitalradiocommunica-

tionssystemsisofnosigni丘cance

(here,thecellularsystemisreferred

toasMTSforconvenience).Theonly

differenceiswhethervoicesignalsare

modulatedinanalogordigitalfbrm

attheairinterface.

(2)SignalingStructure

Whentheconceptofsignalingstruc-

turefbrcellularsystemisdiscussed,

therearetwowaysofthinking.Un－

'

'

'
'

、

、 '

"一 ～ 、
'、

'、
'、

'、
'、

'
、

、
、

、
、

、
B

充 血'

声
＼

'
'

'
'

'

'

'

FigurelNetworkConfigurationforTelephoneService
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dertheconditionofspecifiedair-in-

terface,oneistospecifythenetwork

interface,suchasGSM,betweenthe

mobileswitchingcenter(MSC)and

thebasestationcontroller(BSC)and

betweenBSCandthebasetransceiver

station(BTS).Thisenablesmulti-

vendersupPlythroughintegrationof

thebestequipmentprovidedby

manufacturers.Theotheristouse

anopeninterface,suchasPDC,for

thenetworktosecuretotaleconomy,

serviceflexibilityandfuture

expandability.

Figure3showsthesignalingstructure

ofthePDCconsistingofthreelayers:

Layerlfbrradiointerface,Layer2

f()rdataretransmissionandcontrol,

andLayer3fbrnetworkmanagement.

FixedTelephoneSystem

Fixed

Subscriber

・Voice

・Signal(Dia|Pulsg ,MF,FingBackTone

BusyTone)

Fixed

Subscriber

MθssageAccountingASubscriberLineEtticiencyisVeryLow.

Meter{e.9.10Times!Day.180s㏄1call-一 →2.1%)

AnalogMTSSystem

坦旦
r-一 一 一.

Mobilg'Vo|ceBase

Subscriber・Signal{ControlDial,etc.}Station

(MS)→ 一一 －rZL___←
Radio

(B・!hWay・}TX

ぺ

Mobile

白change

Trunk臥change

LAMA
(CAMA)'

Charging

{ByMagneticTape)

Fixed

Subscriber'
S"bsc「ibe「Ling⑧

DigitaiMTSSystem

旦

穰璽 藝 頭 糠、』_.
DiitalRadio'LineTrunkUne

(BdhWaysトTXRX

ex・S{!DCS、pply

・LAMA
←Charging

{CAMA}{ByMagneticTape}

Fixed

Subscriber

Figure2ComparisonbetweenFixedandRadioTelephones
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Torealizeefflcientcommunications

betweeneachlayerandminimizethe

totalcontroltimeafteracalloccurs,

systemmanagementisprovided,

connectingeachlayer.Figure4shows

anexampleoftherelationbetween

thesignalingstructureandthePDC

systemconfiguration.

ConcerningtheinterfaceofthePDC,

theairinterfaceisonlyspecifiedby

RCRSTD-27andthenetworkinter-

facebetweenMSC,BSCandBTSis

open・

costanduserservices.

Systemperfbrmanceistheef〔iciency

ofuseoftheradiospectrum,timede-

layforthetrafflcconnection,time

interval,andsimplicityofthetraf五c

controlprocedure.ThePDCespe-

ciallyhasthefeaturesofef五cientuse

oftheradiospectrumandsimplicity

initstrafflccontrolprocedures.

Somefeaturesofthecontrolmethods

ofthePDCdifferfromthoseofGSM.

(4)SystemConfiguration

(3)ControlSystem

Thecontrolsystemisoneoftheim-

portanttechnologiesforacellular

teleCOmmuniCatiOnSyStem.ItrelateS

tosystemperfbrmance,investment

ThesystemconfigurationofthePDC

consistsoftwoparts:aswitching

of五ceandabasestation.Depending

onthesystemscale,aGMSCispro-

videdseparatelyfromMSCinthe

SIGNALtNGSTRUCTURE(1)

'

Encryptbn
UseF

Authentication

I
Reduction

ConnectionTime

Prot◎coトAuthentication

ControlforNon-Telephone

Service

＼ ＼ 〆
lSDNConn㏄tionCorltrol

Mobi|eCommunication

PartiCular

(Basedonl-lnte目a㏄)冨

る

;BasicCallConn㏄tion(Ba
sedon1.4511nterface}

ω
百

誓

書
88

目
2

一

1 lR
adio

Transmission

Management

l

Mobile

managemθnt

I

Call

Control

■■■■■■RT■ ■■ ■■■MM■ ℃C■

Layer3CommonPlaWorm

ReductionofData

Retransmission

1

1Layer2

1

Pa戊alDataRetranSmisSion

(LAP-D8aβedLirlkControl}

Layer1

1

Figure3SignalingStructure(1)
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switchingof6ce.ThePDChasmany

featuresandservices,supportedby

newnetworktechnologies.Inurban

areas,manybasestationswillbe

neededtoincreasethesystem'sca・

pacity.Opticalfiberinterfacehas

beenspeci丘edfbrmicro-cellinthe

PDCSTD-27.

GeneraUyspeaking,whentheequip-

mentorcomponentsofthesystemare

designedunderthespeci丘cation,the

compactnessandeconomyofthesys-

temwilldependonthesimpliCityof

thespeCification.Forexample,more

compactandmoreeconomicalsystems

willbeattainedbyfeweritemsof

specj血cation.ThePDCaimsattotal

economyoftheceUularsystembyopen

interfacenotonlyatpresentbutinthe

fUtureWiththeestimationofanultra-

highintegratedsemiconductor.

Figure5showsanexampleofthe

systemco㎡figurationofthePDC.Each

operatorcanchoosethemosteco-

nOmiCalCellularSyStemCOnfiguratiOn,

takingaccountoftheuser'sservice

reqUlrementS.

Figure6showsanexampleofthe

basiccon丘gurationofthemobile

sWitchingcenter(MSC),consistingof

foursubsystems:theswitching,

pr㏄essor,testconsoleandapPlication

subsystems.Theroleoftheswitching

subsystemistoactasanelectronic

switchfbrtrafflcchannels,andthe

processorisfbrdataprocessingand

datamemory.Dependinguponthe

subsc】dbercapacity,thepr㏄essorcan

beexpandedbythebuildingblock

method.Theapplicationsubsystem

istheinterfacetothebasestation

controller.

Layer3

Layer2

Layer1

MS BTS BSC MSC

CC CM

MM MM

RT

工 ー
-

BSSAP
-一
、-'

、''一
ヤ___∠ 　BSSAP

鵠 SCCP

MTP

　 　'　 　

RT-_1∋TSM

LAPDm LAPDmLAPD

SCCP

LAPD
MTP

Sin9」 』yer1 Sing.L8yerlSing.Layθr1 Sing.Layer1

Umlnterface

RCRSTD-27

Figure4ExampleofSignalingStructure(2)
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Thebasestationconsistsofthetrans-

ceiver,whosefunctionisconversion

ofthebasebandsignalto/fromradio

signal,andthecommonampli丘er,

whichsimultaneouslyamplifiesall

radiosignalchannelsofthesame

sectorandsupeWisoryequipment.IIl

somecases,thebasestationcontrol・

lerisincluded.

Thecommonamplifierisespecially

effectiveandvaluableforreducing

thenumberofracksconfiguringthe

basestation.

Figure7showsthedifferencein

transmitterconfrigurationbetweenthe

currentanalogueandthePDCsys-

tem.

bandpassfilterintheoutputofeach

transmitter.

Inordertoamplifythemulti-channel

signals,superlowdistortionsuchas

60dBIMandhighpoweroutput

shouldberequired.

(5)FutureTrendsoftheDig・

italCellularSystem

Mobilecommunicationswillhavethe

mostimportalltroleinthe

infbrmationalizedsocietyofthefu-

ture.Inthe丘xednetwork,theISDN

andMultimediaserviceshavealready

startedintheadvancedcountries,and

areunderstudyinmanyothercoun-

tries.

Thecommonampli丘erhasexcellent

bene丘tsfbrservingthedynamic

channelassignment,downsizingand

expandabilitybecauseofitslackof

frequencydominantdevicessuchas

ThePDCisthemostadvanceddigital

CellUlarteleCOmmuniCatiOnSyStem

takingaccountofthefutureISDN

andMultimediaservicesintheper-

SOnalCOmmuniCatiOnSage.

⇒

▽

PA

M
O
D

M
O
D

M
O
D

M
O
D

M
O
D

M
O
D

1`` 1II

CURRENTPDC

FigUre7CommonAmplifierofPDC(oneexample)
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Also,inthefuture,anintelligentnet-

work,whichmanagesthedifferent

kindsofmobilesystemssuchasce1-

lular,cordless,paging,andsatellite

systems,willbeakeytechnology.

mobilesubscribercapacitywithinthe

limitedfrequencybandWidth,small,

microandpicocellswillbeneeded

andsmallportabletypebasestations

willberequiredfbrtotaleconomyin-

cludingtheinstallationcost.

1)Networktecllnologies

Figure8showstheoneexampleof

thefuturenetworkconfiguration,

calledthe"MCN"concept.Inthe

future,variouskindsofmobilesys-

temswillcoexistandtheharmoniza-

tionofinterfaceswiththecurrent

networksystemwillberequired.The

rNconceptwillbeveryvaluablefor

integratingthevariouskindsofmobile

servlces.

2)Basestationtechnologies

InthefUture,inordertoincreasethe

Figure9showsthetrendsofdigital

cellularsystemsandFigure10shows

anexampleofanintegratedbase

stationincludingtheapProachradio

link.

3)PersonalMobileTelecommu・

nication

Therearethreekindsofdigitalce1-

lularsystem:PDC,USDC,alldGSM.

Unfortunatelynocompatibilityexists

amongthem.Butinthefirststep,by

atechnologicalbreakthrough,com-

patibleusageshouldbeconsidered

ln雲`

T'ご;惚

惚s

口 －
Figure8StructureofMCN

(MobileCommunicationsNetwork)
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fbrtheenduser'sconvenience. InCOnCIUSiOn,

Asthesecondstep,ourfinalgoalto

thePCS(PersonalCommunications

System)WillbeattainedbyFPLMTS

(FuturePublicLandMobileTel-

ecommunicationSystem).

TheFPLMTSwillbeaglobaland

personalmobilecellularsystemWith

themultimediamobileservices(See

Figure11).

1)ThePDCistheuser-ohented

systemwiththemostadvanced

technology.

2)ThePDCisthemostenhanced

andefficientdigitalcellulartel-

eCOmmuniCatiOnSyStem.

3)ThePDCisthebestbridging

systemmergingtotheISDN

era.

(6)Conclusion

References

ThePDChasbeendevelopedinJa-

panandincludesenoughfUnctions

foruseworldWide.

Thenewnetworktechnologies

adoptedinthePDCwillbeappliedto

futuremobilesystemssuchasPCS

andFPLMTS.

A.Nakajima,M.Kuramoto,M.

Yabusaki,(NTTDoCoMo)

"lntelligentNet
workArchitecturefbr

PersonalMobileTelecommunication",

IEEE,ICUPC'92,12.6,September

1992、
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Enhanced2ndGgnθration
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◇
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ISDN
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lMSI

MSLSDN

UPTN

3rdGeneration
MobileCommunicationSystem
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FigurellStepstowardsPersonalMobileTelecommunications
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DigitalCellularSystems

Technologies

K皿ioWatanabe

GeneralManager

MobileCommunicationSystemsGroup

FujitsuLimited

1.Introduction

Inrecentyears,cellu}armobilecom-

muniCatiOnServiCeSuSinganalOg

mobileradiosystemsbasedonFM

radiotechnologyhaveexpandedto

manycountriesandhaveshowna

rapidincreaseinsubscribers.Tocope

withgrowingdemand,newdigital

systemsweredevelopedtohelpin-

creasecapacityandeventuallyreplace

theanalogsystems.Thenewsystems,

inwhichmostlyTDM/TDMAaccess

isused,includeGSMinEurope,the

personaldigitalcellular(PDC)tel-

eCommunicationsysteminJapan,and

D-AMPSintheU.S.

Japan'sMinistryofPostsandTel-

ecommunicationsassembledstudy

groupsandpromotedthestandardi-

zationofdigitalmobileradiosystems.

CelhllaroperatorslikeN'1'1]Mobile

CommunicationsNetworkCo.

(DoCoMo)andmanufacturerskept

pacewiththeseactivitiesandde-

signedthesystem,itsequipment,and

software.Asaresult,NTT-DoCoMo

hasbroughtthesystemintocommer-

cialserviceintheTokyometropolitan

areastartingfromMarch'93.

Digitalsystemsareattractivedueto

theiref丘cientspectrumutilization,

theirpotentialforneedingfewerand

smallercomponents(bothinthebase

stationandthemobileterminals)

ma㎞gthemlessexpensive,andtheir

increasedcommunicationqualityfbr

voice,data,andimage(FAX)services.

Thispaperdiscussesthemajortech-

nologiesusedindigitalcellUlarmobile

communicationsystems.Itfeatures

detailsontheradio-communication

hardwaretechnologiesusedinspeech

CODECs,high-powercommonam.

plifiersforcellUlarbasestations,and

portablephoneunits.
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2.SpeechCODECTech・

nology

ThespeechCODECisanimportant

technologyfbrdigitalcellularsystems.

TheResearchandDevelopment

CenterfbrRadioSystems(RCR)has

standardizedthevector-sumexcited

linear-prediction(VSELP)CODECin

JapanforfUll-rate(11.2kb/s)systems.

SincesuchspeechCODECsarenot

featuredinanalogsystems,much

R&Dhadtobecar亘edouttorealize

devicesthatarebothsmallandhave

lowpowerconsumption.Companies

havedevelopeddedicatedDSPsus-

ingarchitecturesoptimizedforcon-

siderationssuchastheCODECalgo-

rithmandclockcontrol.

Standardizationworkisnowunder

wayforahalf-rate(5.6kb/s)speech

CODEC.Whenimplementingalgo－

五thmsmorecomplexthanVSELP,

VLSIrequirementsbecomemuch

moresevere.Thus,thestandardre-

liesontheVSELPalgorithm.

3.AHigh・powerCommon

AmplifierforCellular

BaseStations

Sizeandcosteffectivenessarethe

mostimportantfactorsfbrbasesta-

tioncomponents,sincebasestations

areplacedeverylto10kilometers.

Digitalsystemsusinglow-bit-rate

CODECsandTDM/TDMAcan

achievelargercapacitiesbutstillbe

smallerthananalogsystems.They

arecosteffectiveaswellbecausein-

tegrateddigitalcircuitscanreplace

manyanalogcomponents.

Analogsystemshavebeenplagued

bytheirhighcost,bulkyantenna

duplexer,andtransmissionandre-

ceivingequipment.Improvingthese

componentshasbeenoneofthechal-

lengesofcellulartechnology.One

solutiontothisproblemistousecom-

monamplifierequipmentinwhicha

combinedRFoutputfrommultiple

low-powertransmittersisboostedby

ahighlylinearhighpoweramplifier.

Toachievethelinearityrequiredfbr

thePDCsystem,afeed-fbrwarddis-

tortionreductiollcircuitwasdevel-

oped.Thecomlnonamplifierap-

proachwilllikelybeappliedtoGSM

andanalogsystems,ifthepass-band

frequencyandoutputcharacteristics

canbetunedtotheapPlicationre-

qUlrements.

Byusingcommonampli丘erequip-

mentandotherdigitaltechnology,

theestimatedsizeandweightofbase

stationequipmentcanbereducedto

lessthanonehalfofthatofanalog

systems.
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4.MobileTerminals/Port.

ablePhones

thanthoseinanalogsystemsenables

subscriber-assistedfasthandoff.

Boththebasebandcircuitry,suchas

thespeechCODECandtheTDMA

processor,andtheRFsectionareaf-

fectedbydigitalizingtheradiointer-

face.ThetransmittershoUldsatisfy

con且ictingrequirementsofhighlin-

earityandefficiency.Thetransmit-

ter,thereceiver,andthemodemmust

additionallymeettherequirements

ofTDMAregardingburst-modeop-

eration.

TDMAallowsreceiverstodetectthe

received-signal-strength-indicatot

(RSSI)signalsusedindifferentcells

inidletimeslots.Afrequencysyn-

thesizerwhichsWitchesmuchfaster

Figurelshowsasimph丘edsubscriber

terminalconfiguration.Voiceinput

isellcodedintheVSELPCODEC.

TheoutputisfedtotheTDMAproc-

essortogenerateadataframefbr

transmission.Theoutputmodulates

thecarriersignalgeneratedbythe

frequencysynthesizer,isamplifiedin

thetransmitter,andthenisfed

throughtheduplexertotheantenna.

Toimplementdiversityreception,a

forwardlinksignalisreceivedbytwo

antennas.Eachsignalisfilteredand

ampli丘ed,andtheoutputsignalis

convertedtoanIFsignaltobede-

modulated.Thedemodulatedsignal

Speaker

Microphone

←

e

VSELP

CODEC

→

←

MOD 取

▲

)

TDMA

P「ocesso

<

‡

DEM

LCD

Display

PA

Keypad

uplexer

RX BPF

MainCPU Synthesizer

Battery

FigurelConfigurationofHand・heldTerminal
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isfedtOtheVSELPCODECthrough

theTDMAprocessor,wherethevoice

sigllalisreconstructed.Individual

sub-blockcircuitryiscontrolledbya

dedicatedmaincontrollerwhichdeals

withradiomanagement,mobile

management,andcallprocessing.It

alsohasadisplayandkey-padinter・

face.Allcircuitryisdrivenbyasuit-

ablebattery.

VariousnewtechnologiesandLSICs

havebeendevelopedf()rthedigital

cellularsubscriberterminal.Digital

cellularsystemscanberealizedbased

onthesetechnologies.AGaAsclass-

Fpowerampli丘ermodulehasbeen

developedwithsuitablelinearityand

highefflciency.Amodulationbase-

bandprocessorhasbeendeveloped

usingthecombinationofadigital

rollofffilterandaD/Aconverter.A

direct-phasequantizingdemodu-1ator

hasbeendeveloped,wherethere-

ceivedIF-signalphaseisdirectlyde-

tectedatsymbolintervals.Anda

modemhasbeenproducedusing

CMOStoreducepowerconsumption.

Asynthesizerwasdevelopedusinga

Bi-CMOSprocess.Thesynthesizer

canbemadefullyfunctionalbycom-

biningthesynthesizerICwitha

voltagecontrolledoscillator.

TheTDMAprocessorperfbrmsmany

kindsoflayer-1digitalsignal

processingincludingrandomaccess

control,framesynchronization,and

transmissionframegeneration.Since

theCPUintheTDMAprocessorhas

allactivemodeandasleepmode,

powerconsumptionisminimizedde-

spitethehighlyintegratedfUnctions

andhighdensity.

ThemainCPUtakeschargeofcall

processingforlayer-2andlayer-3

protocols.Itisbasedona16-bitCPU

core,includingmemoriesandsome

simplelogic.Themonitorprogram

(RMT)installediscomposedofmacro

procedures,interruptprocedures,and

ataskscheduler.Whenanevent

occurs,controlishandedtotheRMT

sothatthemacroprocedurescanbe

executed.AsintheTDMApr㏄essor,

theCPUsleepsaftercommandex-

ecution,andwakesupwhenanin-

terruptsignalisreceivedinorderto

reducepowerconsumption.These

methodsofreducingpowerconsu皿p・

tioncanaidinthedesignofany

microcontrollerthattequireslow

powerconsumption.

Althoughafewyearsago,theVSELP

CODECwasconsideredabarrierto

therealizationofadigitalcellular

subscriberterminal,ithasbeensuc-

cessfullyincorporated,duemainlyto

thedevelopmentofthisverylow

powerDSP.Su句ectiveestimation

underdeterioratingconditionscon－

五medthatthespeedqualityhadbeen
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improved.

Toreducethesizeofthesubscriber

terminal,itiSneCeSSarytOaSSemble

allthepartscompactly.ICpackaging

andsurface-mountedcomponentsare

alsoimportantaspectsofdownsizing.

Toreducesize,amultilayer,ultrathin,

printedcircuitboardhasbeendevel-

oped.Toconservespaceinthelay-

out,holesarenotallowedtopierce

throughtheboardlayers.The

printed-circuit-boardleadlesschip-

carrierpackage(PCLP)hasbeende-

velopedtoencloseICchipsinapiton

theprintedcircuitboardssurface.

Thisenableshigh-densitymounting

andreducesweight.Anothermethod

toreducesizeistheuseofmultichip

modules(MCM),whereseveralchips

aremountedbothonandunderboard

surfaces.

Allthesetechnologiesenablethe

、subscriberunittohaveavolumeof

lessthan150cm3-smallandlight

enoughtoputin,yourpocket.The

fUrtherprogressofcellularphone

technologywillcontinuetocontribute

totheseaspectsofdigital-subscriber-

terminalCOnStrUCtiOn.

cellularmobilecommunication,es-

peciallythosefbrspeechCODECs,

high-powercommonamplifiersfor

cellularbasestations,andportable

phones.

Foramorecompleteviewofdigital

systems,manyothertechnologies

mustbementioned。Asthesphereof

cellulartechnologycontinuestoex-

pand,digitalsystemswillbecomethe

standardillmobilecommunication

servlces.
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PersonalCommunicationsSystem

・EvolutionandDeployment－

TakeshiHatto亘

ExecutiveManager

PersonalCommunicationSystemsLaboratory

NTTRadioCommunicationSystemsLaboratories

Abstract 1.OverviewofPCS

Asourinfbrmation-aideds㏄ietyhas

grOWn,itSCOmmUniCatiOnStrUCtUre

haschangeddrastically.Thirdgen-

erationpersonalcommunications

systemsarebeingdeveloped,where

person-to-personconnectionshoUldbe

abletobeestablished.Furthermore,

thirdgenerationsystemsshouldpro-

videavarietyofservicesdepelldent

onpersonalprefbrence.Inthispaper,

we丘rstproposeapersonalcommuni-

cationssystemthatachievestheul-

timateo句ectivesofcommunications

services.Second,wedesc亘bethe

serviceimagesandnetworkarchitec-

turealongwithpartitioningbasic

fUnctionality.Finally,wefbcuson

systemdeploymentpayingspecialat-

tentiOntOwireleSSaCCeSSSyStemS.

Thecurrentstatusofpersonalphones,

now㎞owninJapanasthedigital

cordlessphone,isshown.

Thebasicelementsofpersonalcom-

municationsareshowninFigure1.

Thevarietyofmedia,themobility,

andtheflexibilityofservicesarees-

sentialbenefitswhichwillaidinpro-

motingPersonalcommunications.Not

onlyvoice,butdataandimageserv・

icewillbeoffered.AsshowninFig-

ure2,personalcommunicationsWill

beenhancedtoprovideterminalmo.

bility,personalmobility,andinthe

fUll-fledgedstage,personalizedac-

cessibility.

Thefirstprioritywillbetoestablish

thephysicallayerwithspecialatten-

tiOntOO丘bringwireleSSterminalmO-'

bility.Thehandsetmustbesmall

andlightweightwithlongbattery

life,useableeverywhere,andhavea

lowtohighdegreeofmobilitysothat

amultilayeredstructureofradiocells

canbeusedwhenaccountingfbrlilni－
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㎜ ⑨

FigurelBasicElementsofPersonalCommunications

Figure21)eploymentofPersonalCommunications
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FigUre3Multi・PlatformforTerminalMobility
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㎜ ◎

Figure4TerminalMobility
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tationsonfrequency,powerandfull

area-coverage(SeeFigures3&4).

Numberportabilityandpersonal

billingareessentialforestablishing

personalmobility.Therefore,the

personalcommunicationnumber,

whichislogicallydehved,shouldbe

introduced.Apersoncouldhave

multip}epersonaltelecommunication

numbersdependingontheproposeof

theline(i.e.businessorpersonal).

Atpresentnosinglenetworkcan

proVidefUll-scalepersonalcommuni-

cationsintermsofvariety,mobility,

andfleXibility.Thecapabilitytotravel

freelyamongnetworksisVitallyim-

portanttoguaranteeacontlnuous

connection.

2.DesignPhilosophyof

PersonalCommunica・

tions

Designphilosophybehindpersonal

communicationsnowbeingdeveloped

isshowninFigure5.

(1)Integrationofwiredandwireless

acceSS

Thepersonalcommunicationsystem

willprovidecommunicatiolldespite

口IlntegrationofWiredandWireless§ystem

OAdvancedlntelligentNetworkbasedonPSTN/1SDN

口ElnteroperabilityamongMulticarrierNetworks

Figure51)esignPhilosophyofNetworkArchitecture
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locationofusers.Itshouldguarantee

bothcontinuouswiredandwireless

acceSS.

(2)Intelligentnetworkbasedonthe

丘xedpublicnetwork

Deploymentofpersonalcommunica-

tionsshouldexploitthevalueofthe

丘xednetworktolowercostandspeed

introduction.Controllingintelli-

gencesshouldbeaddedtotheexist-

ingPSTNASDNtoinsuremobility

andaccessibility.

(3)Interworkingwithdifferentnet-

works

Interoperabilityorroamingcapabil-

ityamongothernetworksisessential

f()rgUaranteeingCOntinUOuSServiCe.

Thepointofinterface(POI)between

networksmustbedefinedfortrar6c

channelandsignalinginfbrmation.

3.Se㎡ceImages

ifthenetworkshavesuchinfbrma-

tionmanagementfunctionsasloca-

tionregistration,subscribertrack-

ingexchallge,andalogicalcommuni-

cationnumberassignedtoeachsub-

scriber.Theseniceimagesareshown

inFigures6&7.AdvancedserVices

consistof"personalized"servicesthat

specificallyrespondtoindividual

preferences.Theservicewillbede-

finedonthebasisofthecommunica-

tionpreferencesrequestedbyeach

subscriberwiththepersonaltel-

ecommunicationnumber.Several

advancedservicesenhancethecon-

veniencefbrcalledparties.Thus,

conventionalcalling-partyoriented

COmmuniCatiOnSwillevOlvetOaS-

signequalimportancetoboththe

callingandthecalledparties.Ex-

amplesofadvancedservicesare

showninFigure8.

4.PersonalCommunica・

tionsNetworkArchitec・

ture

Thebasicservicewillconnectasub-

scribersothattheycallcommunicate

instantlywithanyoneelseanywhere

byusingapersonaltelecommunica-

tionnumber.Threerequirements

mustbemet:wired/wirelessaccess,

singlenumberconnectionregardless

ofrouting,andbillingtoasingleper-

son.Thepersonalcommunication

SyStemCanOfferCOntinUOUSServiCe,

Therearemanyfunctionsthatneed

tobeestablishedtoprovidepersonal

communicationservices.Among

others,locationregistration,number

conversion,trackingexchange,flex-

iblecharging,1arge-scaledatabases,

andsecurityarethemostimpor-

tantfactors.Theseareshownin

Figure9.
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・lmprovedConvenienceforCa|lingandCalledParties －

Calledpartypreference

・Caller -IDdisplay

・Selectivecal「bl
ocking
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FiguregRequiredFunctionsforPersonalCommunication
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Thenetworkarchitectureoftheper-

sonalcommunicationsystemisshown

inFigure10.ThenetworkisCom-

posedoftheintelligencelayer,trans-

portlayer,andaccesslayer.

TheupPerintelligencelayerconsists

ofmanagementcontrolandthelower

partconsistsofreal-timeservicecon-

trol,accessinglarge-scaledatabases.

Personalinfbrmationismemorized

intheintelligencelayer.

Theradioaccesssystemisdirectly

connectedtothel㏄alexchange.The

accesslayerhaswiredlinesandradio

acceSS.

Fortheinformationsignalinglinks,

thePSPDNcanbeusedfbroff-line

andthecommonchannelsignaling

networkfbron-lineinfbrmation.

5.DeploymentofPersonal

Communications

Thetransportlayerisbasicallypro-

videdbythePSTNorISDN.Itsfunc-

tionsaretoswitchandtransmitthe

subscriberinfbrmation.

Theevolutionofpersonalcommuni.

cationsisbasedonenhancingfixed

andwirelessnetworks.Ofthewire-

lesssystems,cordlesssystemswith

Conirolinformation
transfernetwork

・CustomerDatabase

,PersonalizedServiceP
rofile

宵Customer'sDataRetrieval

曾L㏄ationRθgistrationControl

・TrackingExchangeCo
ntfol

■Authentication

BMin

◇
官Switching

舎Transmission

・PagingandHandoverControl

ぐ]

Figure10PersonalCommunicationsNetworkArchitecture
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丘xed,advancedintelligencenetworks

willplayoneofthemostimportant

roles,o脆ringlargecapacity,cost-ef-

fective'ness,andexcellentportability.

6.PersonalHandyPhone

InJapan,asecond-generationdigital

cordlesstelephonesystemhasbeen

introduced,offeringnewwireless

services.ThisiscalledPersonal

HandyPhone(PHP).Theaimofthis

systemistqestablishacommon

Wirelessinterfaceforhome,of丘ce,and

publicuseasshowninFigure11.

ThissystemWillofferWirelessaccess

tothepersonalcommunicationsin

the丘rstphase.

Theprotocolstructureconsistsof

threephases.Thefirstoneisthe

link-channelestablishmentphase.

Thesecondisservice-channelestab-

lishmentphase.Thelastoneiscom-

municationsphase.Thelattertwo

phasesarebasedontheOSImodelas

showninFigure12.

PHPsystemusesdedicatedcontrol

channels,onef()rpublicuseandthe

otherforprivateuse.

Themajorsystemparametersofthe

wirelessinte血ceareshowninTable

1.TheaccesssystemisTDMA/rDD;

f()urtimeslotsaremultipliedona

singleca㎡er.Thesignalingrateis

384kb/s,areasonablespeedifthe

averagedelayspreadof250nsis

takenintoaccount.

OurPHPsystemiscomparedwith

CT-2andDECTinTable2.The

DECTsystemisenvisionedtoprovide

oeHcesWiththeabilitytohandlehigh-

densitytrae五caswellasdataservice,

whiletheCT-2systemisasmalltraffic

systemforpublicandhomeuse.The

PHPsystem,however,isamedium

trafficsystemfbrpublic,home,and

of丘ceuses.

7.Conclusions

Theconceptoffuturepersonalcom-

municationsisdescribed。Thebasic

ideasofitsnetworkarchitectureand

SyStemCOn丘guratiOn,aSwellaSSev-

eraltechnicalsubjectsarediscussed.

Theproposedsystemintroduceseco-

nomicallyattractiveandintelligent

COmmuniCatiOnSServiceSatalarge

costreductionandvastlyincreased

capacitywhenestablishedontheex-

istingcellularmobilenetwork.
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OCommonAccessCapabifiitytoHomeandOffice,PublicSystem

ORadioAccessinLastOneHundredMetersofsubscriberLine

OUtilizationofLocalNetworks

H。m㎞ ⑨

FigurellSystemConceptofPHP
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Figure12LayeredStructure
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TablelMajorSystemParametersofWirelessInterface

FrequencyBand 1.9GHz

AccessSystem TDMAITDD

TrafficChannels!RFCarrier 4

Modulation π/4・QPSK

VoiceCodec 32kbit!sADPCM

AverageOutputPower(PS) 10mW(PortableStation)

SignallingBitRate 384kbitls

CarrierSpacing 300kHz

Table2ComparisonBetweenPHPandOverseaSystems

PHP DECT CT・2
L

Country Japan Europe England

Frequθ卿Band 1.9GHz 1.9GHz 800MHz

Accθss§ystθm TDMA(4cH) TDMA{12cH} FDMA(1cH)

ControlChannel DedicatedCC AssociatedCC AssociatedCC

c
o
二
〇
⊂
コ
」

lncomingCall ○ ○ ×

HandOvgr ○ ○ ×

AccθssNetwork Digital/Anal。9 Digital Anabg

ω
Φ
功

⊃

Public ○ △ ○

Homθ ○ △ ○

Omcθ ○ ○ △

StaningTime 199415 about1994 1989

Evaluatbn

・Mediumsca|e

・Highnexblity

・Highpeakp。wer

・Vulnera回liyin

dailyspread

・SmallTrallicSysteπ

・OnlyOutg。ingCall

Capability

`

㎜ ⑨
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Fiber・OpticRadio・Signal

TransmissionTechnology

NorihisaOhta

Supervisor

OpticalSubscriberNetworksLaboratory

NTTTransmissionSystemsLaboratories

1.Introduction

PersonalcommunicationsWillproVide
theultimateintelecommunicationsロ
se而cesandenableanyonetocom-

municateinstantlywithanyoneelse

anywhere.Thepotentialsubscriber

marketispredictedtoalmostmatch

the皿mberofexistingplainoldtele-

phoneservices(POTS)subsc亘bers(1).

Currentdevelopmentefforthas

fbcussedonmicrocellularradio,

subcarriermultiplexing(SCM)fiber-

optictransmission,andradio-

spectrum-deliveryswitchingtech-

nologies,sincetheseareexpectedto

beabletoaccommodatealarge

numberofsubscribers.

trendisexpectedtoacceleratethe

transf()rmationoflocalnetworksto

opticalconfigurations(2).However,

theapplicabilityofthePDSconfigu-

rationtoopticallocal-accesssystems

formicr㏄ellularradiocommunica.

tionshasonlycursorilybeenstudied

(3).

ThispaperdiscussesSCMarchi-

tecturessuitablefbrfiber-opticradio-

signaltransmissionsystems.Tech-

nologicalbarrierstothedevelopment

ofPDSfiber-opticlocalaccesssys-

temsforpersonalcommunicationsare

alsodescribed.

2.ConfigUrations

Opticalsubscriberloopsystemsus-

ingPassivedouble-star(PDS)con-

figurationsarebeingdeveloped

worldwidetoprovidenarrowband

telecommunicationandmulti-chan-

nelvideodistributionservices.This

Thecon丘gurationsoffiber-opticra-

diosignaltransmissionsystems

roughlyfallintotwocategories:the

single-star(SS)andthePDS.Optical

丘bers,whichconnectthecentralsta-

tion(CS)toeachbasestation(BS),
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areseparatelyinstalledinthesingle-

starcon丘guration.Ontheotherhand,

thePDScon丘gurationusesoptical

splittersbetweenthecentralandbase

stations,decreasingthenumberof

fibersconvergingonthecentralsta-

tionbythesplittingratio.

opticalcross-talknorinterference,the

opticallinkcostishigherthanthatof

thePDSbecauseoftheincreased

numberof丘bersandopticaldevices

required.

2.2Passivedouble・starcon.

figuration

2.1Single・starconfiguration

Thesingle-starconfigurationusing

theSCMtechnique,showninFigure

1,hasbeenwellinvestigated.This

yieldsrobustnessandflexibilityto

va亘oustraf丘cdemands,becausethe

spectrumdeliveryswitchcanassign

anycarrierandanytimeslotofsig-

nalshaVingfrequency-divisiontime-

divisionmultipleaccesswithtime-

divisionduplex(FDMA/TDMA-TDD)

toanybasestation(4).Althoughthe

single-starhasseveralmeritssuchas

lowopticaltransmissionlossandno

Figure2(a)showsaPDSsystemin

whichlaserdiodesaredirectlymodu-

latedbyradiofrequency(RF)signals.

Differentradio-frequencybandshave

tobeassignedtoeachbasestationto

avoidinterferencebetweennearby

micr㏄ells.Afteroptica}丘bertrans-

mission,theindividualsignalsare

extractedbyband-passfiltersinthe

basestation.Althoughthebase-sta-

tionequipmentissimpleusingno

frequencyconverters,broadbandoP-

ticaldevicesandelectricalcircuitsare

required.

旦

Figure1 Single・starConfigUrationofaFiber・OpticRadio・Signal

TransmissionSystem
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Figure2 VariousPDSCon丘gurationsofFiber・OpticRadio・Signal
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PDSsystemshowninFigUre2(b)

usesanintermediate-frequency(IF)

transmissionschemethatprede丘nes

adifferentIFbandforeachbasesta-

tion.IncomingRFsignalsarecon-

vertedintothebasestationsparticu-

larIFbandbef()reopticalmodula-

tion.Thebandwidthoftheinterme-

diatefrequencyissettothatoftheair

interfacebetweenthebasestationand

portableterminals.Thus,thiscon-

figurationhasthesamefrequency

reusefactorasthesingle-star.Fre-

quencyconvertersarerequiredinboth

thecentralandbasestations,butthe

broadbanddemandsofthecomponent

opticaldevicesaremoderate.

Figure2(c)illustratesaPDSsystem

thatusesadense-wavelength-division

Table1

multiplexing(WDM)technique.Dif-

ferentwavelellgthsareassignedto

eachbasestationandWDMmulti-

plexersanddemultiplexersreplace

theopticalsplitters.Thisreplace-

mentminimizestheopticaltrans-

missionlossofthePDSco㎡iguration

becauseoftheWDMmultiplexers/

demulti-plexershavelowerattenua-

tionthanopticalsplitters.However,

amethodofpreciselycontrollingthe

wavelengthmustbedeveloped.

Tablelcomparesthecon丘gurations,

opticallinkcost,frequencyreusabil-

ityfactor,networkflexibility,and

feasibility.Theopticallinkcostof

thePDSisgenerallyhalfthatofthe

single-starcor血guration.Becausethe

intermediate丘equenciesandwave－

ComparisonoftheVariousConfigurationsofFiber・

OpticRadio・SignalTransmissionSystems

Single-star
Passivedouble.star

PDS-RF PDS-IF PDS-denseWDM

Opticallink

cost
1 ～0 .5 ～0 .5 ～1

Frequency

reusefactor
1

Lessthan

1/n
1 1

Network

flexibility
Good Bad Good Good

Feasibility Easy Dif五cult Easy Dif五cult

Comments
Near-term

solution
Not

applicable

Near-term

solution

Thebestsolution

inthefuture
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lengthsareindependentofwhichra-

diofrequenciesareused,thefre-

quencyreusabilityishighandasin-

gle-starconfigurationislogically

achievedinthePDS-IFandPDS-

dense-WDMconfigurations.Itcan

beconcludedthatthesingle-starand

thePDS-IZFconfigurationsarethebest

nea「-termsolutions,sincetakingthey

canbeeasilyrealizedusingour

presenttechnology.ThePDS-dense-

WDMschemeisthebestsolutionfbr

futuresystems.

3.Fiber・OpticRadio-Sig・

nalTransmissionTech・

nology

Whenusingsubcarriermultiplexing

forPDSaccesssystems;twotechno-

logicalproblemsarise.Thefirstis

thediMcUltyofobtainingthesame

dynamicrangeofferedbythesingle-

starconfigurationandthesecondis

thedif丘cultyinsuppressingoptical

beatnoiseinuplinktransmission.

3.1Dynamicrangeinuplink

transmission

Becausetheradio-signalpowerre-

ceivedatthebasestationvariesdue

tofadingandthedistancebetw'een

thebasestationandportabletermi-

nals,aWidedynamicrangeisrequired、

foruplinkcommunicationinfiber-

opticradiosigllaltransmissionsys－

tems.Thedynamicrangedependson

thereceivedopticalpoweroftheCS.

Generallyspeaking,thetotaloptical

linelossofthePDSsystemislarger

thanthatoftheSSsystemduetothe

opticalsplitterloss.Dynamicrange

improvementisanimportanttopicin

developlnentofPDSfiber-opticradio

SigllaltranSmiSSiOnSyStemS.

Thedynamicrangeismainlyre-

strictedbythethird-orderinter-

modulation-distortionproducts

causedbynonlinearitiesindirectly

modulatedlaserdiodes.Highcar－

五er-to-noiseratios(CNRs)arediffi-

culttoobtaininconventionalsystems

whensmallopticalpowerisreceived,

becausetheopticalmodulationindex

islimitedbythelaserdiode's

nonhnearity。Ontheotherhand,very

highCNRscanbeobtained,evenin

regionsreceivingsmallamountsof

opticalpower,byusingsignalsinfbr-

matssuchasfrequencymodulation

(FM)andpulsefrequencymodula-

tion(PFM).Byinputtingconstant

signalpowerintothelaserdiode,the

distortiongeneratedbythediode's

nonlinearityissuppressedandthe

carrier-to-noiseratioisincreaseddue

tothelargeopticalmodulationindex.

Therefbre,convertingtheuplinksig-

nalsfromportableterminalsintOPFM

orFMsignalsbefbreopticalmodula-

tionisaneffectivewaytoimprovethe

dyllamicrange.

JIQNo.94,1993 40



3.20pticalbeatnoise

BesidesshotnoiseandRIN(relative

intensitynoise),OBN(opticalbeat

noise)producedbymixingdifferent

opticalcarriersatthephotodetector

inthePDSconfigurationmaysignifじ

cantlyrestrictthedynamicrangeof

theupstreamdirection(5).Figure3

showstheexperimentallymeasured

RrNdegradationcausedbyoptical

beatnoise.Thisexperimentusedtwo

opticalsources:a1.3-pmDFBlaser

diodewithalinewidthofabout30

MHzandanNd:YAGlaserwitha

centralwavelengthof1.319pmanda

-80

　

増

口
口)

o
.望
o

訟'あ

ロ
8

£

鍵'る

唱

一100

一120

一140

1inewidthoflessthan5kHz.The

RINpeaksatthesamefrequencyas

theopticalfrequencydifferences(△f=

1.8GHz,4.5GHzand17GHz),that

is,thedifferenceinwavelengthbe-

tweenthetwoopticalsources.Cooper

eta1.reportedthatopticalbeatnoise

wasnegligibleinPDSfiber-opticra-

dio-signaltransmissionsystemsbe-

causeoftheirnarrowchannelband-

widths(3).However,ourexperimen-

talresultsindicatethat,inthiscase,

anopticalfrequencydifferenceofmore

thal117GHzisneededtosuppress

thenoise.ThismeaIlsthatitisnec-

essary,evenfbrnarrow-bandwidth

－160

01020

Frequency(GHz)

Figure3ExperimentalResultsofRINDegradationduetoOpti・

calBeatNoise
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PDSsystems,tocontrolthewave-

lengthspacingofoPticalsou「cesin

ordertoobtainawidedynamicrange.

Theoptical-beat-noiseintensity

mainlydependsontheoptical-source

lineWidthandwavelengthdifference.

PossibleOBNsuppressionmethods

aresummarizedinTable2.When

broad-linewidthopticalsourcessuch

assuper-luminescentdiodes(SLD)

andedge-emissionlightemittingdi-

odes(E-LEDs)areapplied,itisnec-

essarytoimprovethelinearityand

high-frequencycharacteristicsofthe

devicesandtoconsiderfiberchro-

maticdispersionwhichactstolimit

thetransmissiondistance.Asuper-

imposedmodulationschemecanbe

usedtoreducetheopticalbeatnoise

becausethelaserdiode'slinewidthis

broadenedbysidebandsthatarise

whensuperimposedsignalhasa

higherfrequencyandmodulationin-

dexthantheoriginalsignals.How-

ever,itisfeltthatthesuperimpOsed

modu}ationschememaydegradethe

distortioncharacteristicsoflaserdi-

odes.

Wavelengthcontrolmethodsarethe

mosteffectivewayofsuppressingthe

opticalbeatnoise.Ifthewavelength

di脆rencesamongopticalsourcesare

morethanO.1nm,RrNdegradation

duetoopticalbeatnoisebecomes

negligible,asshowninFigure3.Pro-

ducingaDFBlaserdiodewiththis

levelofwavelengthdifferenceand

usingthermo-electroniccontrolare

Table20pticalBeatNoiseSuppressionTechniques

Method Point

Linewidth

control

Broad-linewidthoptical

sources

－Linea亘tyandbandwidhth

-Transmissiondistancelimita-

tionduetochromaticdisper-

sion

Superimposedmodulation －DegradationofLDlineahty

Wavelength

control

TunableLD .Linea亘tyandRIN

LDarraywithdiffbrent

wavelength

－Smallwavelengthdeviationof

eachLD

Selectionofsingle

longitudinalmodeLD

withdif丘rentwavelength

－High-yieldproductivity
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theonlywaystoquicklyrealize

wavelengthcontrolschemes.Atun-

ablelaserdiodeoranopticalarray

devicethatintegrateslaserdiodesof

differentwavelengthsisindispens-

ableinrealizingwavelengthcontrol.

Inthiscase,continuoustunabilityis

Ilotneededbutabroadrangeisre-

quired.Unfbrtunately,noexisting

tunablelaserdiodeorlaser-diodear-

rayareapPlicabletoSCMtransmis-

sionsystems.Furtherprogressin

opticaldevicesisneededbefbrethis

schemecanberealized.

Figure4illustratesthebestPDScon－

且gurationfbrpersonal-colnmunica-

tionloca1-accesssystems.Intermedi-

ate-frequencytransmissionisutilized

whendownlinkingtoachieveahigh

frequencyreusefactorand且exibility

equivalenttothatofthesingle-star

con丘guration.Dense-WDMtechnol-

ogyisapPliedtosupPresstheoptical

beatnoise.Awavelengthdifference

ofmorethanO.1nmamongoptical

sourcesareeasilyachievedbymeans

ofthermo-electroniccontrolandcon-

ventionalanalogDFBlaserdiodes.

PFMmodulationisalsousedtogeta

widedynamicrangefbr .linktrans-

mission.AsshowninFigure4,0pti-

calsplittersareusedtoreducethe

systemcost.Ifawiderdynamicrange

isrequired,aWDMmultiplexercan

replacetheopticalsplitterf()rthe

uplinkandadynamicrangealmost

identicaltothesing}e-starconf]gura-

tioncanbeachieved.

圃
璃 蒋

咽

・齢 鎌'

麟

:IFscheme

:denseWDMscheme

:secondarymodulationscheme

Optical
Splitter
(x8) 灘 灘

懇 懇

Figure4APDSConfigUrationSuitableforMicrocellularSystems
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4.Conclusion References

Thearchitectureandtechnologiesof

several丘ber-opticradio-signaltrans-

missionsystemsweredescribed.The

single-starandPDS-IFtransmission

schemesaresuperiornear-termsolu-

tions,whiledense-WDMtechnology

promisestobethebestsolutionfor

thefutUre:・

Iconcludedthatthedynamicrangeof

PDSmustbeimproved.Possibleso-

lutionsincludepulse-frequencyor

丘equencymodulationandopticalbeat

noisesupPression.Furtherinvesti-

gationofwavelength-controltechnol-

ogyandtunableopticaldevicesshould

bepursued.
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Abstract

Universalpersonaltelecommunica-

tion(UPT)ismorethanjustameans

ofilltroducing"personalmobility"

servicesintothepublicswitchedtele-

phonenetwork(PSTN).Revisingthe

PSTNforuniversalpersonaltele-

comm皿icationimpliesdramatic

changestothePSTNdesignframe-

work.Thispaperfo6usesonthese

changesfromthreeViewpoints:call

control,IntelligentNetworkdesign,

andUPTservice.

1.Introduction

"UPTenablesaccesstotelecommuni -

cationserviceswhileallowingPer-

sonalmobility."Thisistheopening

sentenceoftheUPTdefinitionindraft

recommendatiollF.850.Toprovide

personalmobility,networkdesigners

needtofbcusonthreebasicques-

tions:

45

(1)HowdoestheUPTnumberaf-

fectthePSTNcallcontrol

schemes?Consideringthata

UPTnumberwillplayafuture

roleasimportantastoday'stel-

ephonenumber,itisimportant

toreexaminethreebasicPSTN

considerations-numbering,

routingandcharging-anddis-

cussmethodsofUPTcallcon-

tro1.

(2)WhatdemandswillUPTmake

onintelligentnetwork(IN)?

Clearly,byintroducingUPT,an

increaseinthediversityofIN

serviceswillberequired.This

paperdescribesthetwomain

requirementsthatneedtobe

satisfiedtopreventincreasein

complexityarisingfromUPTop-

erationsandoutlinesfburtech-

nicalproposalsaimedatsatisfy-

ingtheserequirements.
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(3)WhatkindofUPTservicesare

desirabletotheuserwhilebeing

sufficientlycosteffectivefbr

networkserviceproviders?This

papercitessomeexamplesof

popularUPTservicesandintro-

ducesarecommendedimple-

mentatlons.

2.UPT,sImpactonPSTN

CallControl

2.1Basicprinciples

(1)Numbering

Trunkcircuitselection(routing)is

thedesignthatbestmeetsPSTNre-

quirements.Whereasthetelephone

numberingPlaniscloselyrelatedto

thesubscribe〆sgeographicall㏄ation,

aUPTnumbermustbeindependent

oflocation.Therefbre,UPTassures

freeassignmentofaUPTnumber,

butatthesametime,requiresarout-

ingmechanismthatcanmanagethe

assignmentef〔iciently.

Numbering,routing,andchargingare

consideredthethreemajordesignas-

pectsofthePSTN.Theirbasicprin-

ciplesandtheimpactofUPTontheir

designcanbelistedasfbllows:

(2)Routing

Beinglocation-independent,UPT

nulnberscannotbeutilizeddirectly

asameansofrouting.Asshown・in

●`

CHARGING

/・,・ancexH・ld・ ・g・・m・)

ATION

＼R。UTING

G「聯1霊basedon)

/UPTCHARGING

＼UPTROUTING

Newroutingalgorithms

arebeingsought

FigUrelUPTCallingRouting
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Figure1,0newaytosolvethisprob-

lemistotranslatetheUPTnumber

intoadestinationtelephonenumber.

Thismethodisnowgenerally

acceptedandisalsocompatiblewith

thetrigger-table-basedcallcontrolof

theintelligentnetwork.Whilebeing

presentlyfeasible,thismethodwill

probablybereplacedinthefuture

withafasterandmoree飾cientPSTN

routingalgorithm.

latesUPTnumberstodestination

telephonenumbers.However,abet-

terwaytoincludenewUPTse而ces

wouldbetoenhancetheservice'sca-

pabilitiesbyusinganewalgorithm.

Newalgorithmshouldbeconsidered

becausetheUPTnumberingscheme

isstillverybasicandmaynotbeable

toaccommodatenewUPTservices。

(1)UPTincallgeneralrouting

mode1

(3)Calculatingservicecharges

PS[[Nchargesforthesubscribervary

withcalldurationandcommunica-

tiondistance.Distanceinfbrmation

canbeeasilygeneratedwhenusing

destinationtelephonenumbers,but

UPTnumbersdonotcontaindistance

infbrmation.However,bytranslat-

ingtheUPTnumberintoadestina-

tiontelephone皿mber,thedistance

infOrmatiOniSautOmatiCallyCalCU-

lated.Dependingonthekindofserv-

icesprovided,alternatemethodsof

calculatinglinechargeswillalsobe

needed.

2.2ExamplesofUPTcall

control

ThedegreetowhichthePSTNdesign

mustberestructuredtoaccommodate

theUPTprotocolscanbeminimized

byintroducingadatabasethattrans－

Figure2illustratestheUPTincall

generalroutingmodel,newlydrafted

inrecommendationE.174.Afterre-

ceivingaUPTnumber,theserving

exchangesendsaquerytothedata-

base,whichthenprofilesUPTser-

vicestogetadestinationtelephone

number.Uponreceiptofthisnumber,

theservingexchangeroutesthecall

toadestinationnodeaccordingto

predefined(E170-3)routingprinci-

ples.Determinationofcallcontrolis

generallyregardedasthefirststepin

establishingUPTservices.

Inthismodel,queryoverheadisnot

negligible,especiallyifconsidering

globalUPTserviceandprovidinga

world-uniqueUPTnumber(suchas

theCC(UPT)+NDC(non-CC)+SN

numberdescribedin``Scenario3-The

global(countrycode-based)scheme"

ofthedraftedrecommendatioriE.168).

47 JIQNo.94,1993



Figure2UPTIncallGeneralRoutingModel

Therefbre,anewmethodofminimiz-

ingdatabasequeryoverheadisnec-

essa「y・

(2)UPTdatabasehierarchy

Generallyspeaking,callsarenormal-

1yroutedtogeographicallyclosel㏄a-

tions;thus,databasequeryoverhead

canbedecreasedbyintroducinga

UPTdatabasehierarchy.MostUPT

callscangetadestinationtelephone

numberfromalocaldatabaserather

thananationalorinternationalone.

Hierarchicaldatabasescanhandle

mostUPTqueries,butsometimesac－

cesstoseveralUPTdatabasesisre-

quiredtocompleteaquery.Search-

ingfbraUPTnumberoverseveral

databasescanbeespeciallytimecon-

sumingandexpensivefbrglobalUPT

service.Toincreasepersonalmobili-

ty,methodsofdecreasingtheover-

headofUPTnumbersearchingmust

besought.

(3)Two・stagedatabasequery・

ing

Figure3illustratesaproposalin

whicheachUPTcallhastwostages

ofdatabasequery.Thefirstistoa

UPTdirectorydatabasethattrans－
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latestheUPTnumberintoadomicile

telephonenumber,whilethesecond

istoadomiciledatabasewherethe

destinationtelephonenumberscan

becheckedagainstregisterednum-

bers.Keyissuesofthisproposalare

thefolloWing:

(a)Incall/outcallregistrationisdone

onlyatthedomiciledatabase,

thuseliminatingtransaction

trafflcduetocallregistration.

(b)Forthesecondquery,theUPT

serVingexchangealwaysdirectly

accessesadomiciledatabase

(eveninglobalUPTservice).

Therefore,thistwo.query

methodsimplifiestheUPTquery

sequence,acontributionthat

becomessignificantfbrlarge

UPTnetworks.

Furthermore,ifaUPTdevice

(de丘nedinthedraftedrecom-

mendationF.851asadevicethat

helpsausertointeractwiththe

UPTservice)suchasanICcard

storesboththeUPTnumberand

thedomiciletelephonenumber,

thenthefirstquerycanbeelimi-

nated.

(4)Additionofanidlecheck

sequence
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Inadditiontootherbenefits,thein-

troductionoftheUPTwillbeastrong

stimulusfbrimprovingPSTNcall

control.Byaddinganidlecheckse-

quencebetweenthedatabaseandan

ongoingtelephoneexchange,wecan

improvetheperformanceoftheUPT

incallgeneralroutingmodel.Thisis

particularlyimportantbecausethe

UPTcall-completionratioispredict-

edtobelowerthanthatofgeneral

telephonecallifusingcomparable

systems.

(5)Traffic・status・relatedrout.

ing

Anotherpossibilityfbrimproving

PSTNcallcontrolwouldbetointro-

ducetrafflc-status-relatedrouting.

Withthismodi丘cation,whenaUPT

servingexchangesendsaquerytoa

database,thedatabasewouldrespond

withroutinginfbrmationinaddition

tothedestinationtelephonenumber.

Thisroutinginfbrmationisgenerat-

edbythedatabasebyreferringto

recenttra飾cdata.Thekeyadvan-

tageofthisproposalisthatitwill

allowlocation-speci丘ctrafflccontrol

tobecommunicateddirectlyfroma

nearbydatabasenode。

3.DemandsonIntelligent

NetworkArchitecture

Theintelligentnetwork(IN)willbea

newtelecommunicationssoftwareset

aimedatprovidingavarietyofnew

PSTNservices.TheINwillbecapa-

bleofprovidinganenVironmentfbr

servicecreation.UPTsdiversi丘ca-

tionofpersonalizedservicesand

location-freeservicewillputalotof

demandsontheabilitytocreatenew

services.Thetwomajorrequirements

ofthisservicecreationenvironment

are:

(a)RequirementA:Simpleservice

creationanddistribution

UPTservicescenariosaregen-

eratedwithintheservicecrea-

tionenvironmentandthendis-

tributedtointelligentnetwork

databases.Asthenumberof

SerVICeSCenar10SlnCreaSeS,a

simplifiedand .automated

mechanismofdistributionwill

benecessary.

(b)RequirementB:

mobility

Servicescenario

UPTallowspersonalmobility.

Thismeansthatservicesce-

nariosshouldfbllowtheuser

whentheychangetheirPSTN

region.Therefbre,servicesce-

narioshouldbecompactand

relocatableoverthePSTN.

3.1UPTrequirements
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3.2Keytechnicalissues

Tosatisfythesetworequirements,

weproposethefbllowing:

tralmanagementofallscenarioswill

beineffectivebecausetheincrease

willmakeScenariOmanagementmOre

complexandlessef6cient.

(1)Message・interaction・based

servicesequencedescrip-

tionlanguage

Desc亘bingUPTserVicesasagroup

ofeventseries(thatis,asetof

message-exchangerecords[destina-

tion/order]andprocedures)has

advantageswhenaddingormodify-

ingUPTservicescenarios.Thecom-

pilercaneasilycheckfbrmessage

lossandnondeterministicactions

(1ackofblanchingcondition)by

tracingoldeventsequencesandnewly

addedones.

Furthermore,theintegrationofiden-

ticaleventsequencesbetweenoldand

newlyaddedscenarioscanbeauto-

matiCallyprocessed.Inthisway,a

revisedUPTserVicescenariocanbe

generatedanddisthbutedwithinthe

rNwithoutrelyingonhumaninter.

ventlon.

(2)Independentservice

SCenariOmanagement

Aparticularservicescenarioshould

bemanagedindependentlyofother

servicescenarios.Asthenumberof

UPTserVicescenariosincreases,cen－

Independentmanagementrequires

moreUPTservice-scenariomemories

forstorage,butmanagingthescenar-

ioswillbecomesignificantlyeasier.

(3)Separationofcoreservice

functionsanduser.defined

servicefunctions

Servicescenarioscanbedividedinto

twocategories:coreserVicefunctions

aretheprincipalnetworkservices

providedbyallPSTNs(serviceslike

dialling,ringing,connection,and

charging),whileuser-definedservice

fUnctionsareauser'sscenario-

dependentfunctions,suchastermi-

naltypeandtheconditionsunder

whichacallisanswered.

Byseparatingtheservicefunctions

intothesetwocatego亘es,UPTser-

vicecanbebetterdescribedbecause

thecategorieslimitthesizeofthe

amountofinfbrmationnecessary.A

userseesonlytheUPTservicesce-

nariointerface;thePSTNinner

functionalstructureisablackbox.

Ontheotherhand,anetworkdesigner

seesonlytheinterface;theuser-to-

userinteractionscanbepr㏄essedby

independentroutines,suchasauser－
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levelnegotiationservices.Callsare

processedbyc(～joiningthreeservice

functions:thecore,theuser-defined,

andtheinterfacingservicefunctions.

(4)User・definedservicesce・

nariomobility

Auser-de丘nedservicescenariois

checkedandthentranslatedintoa

servicescenariopr㏄ess.ThiSproc-

essshouldbegeneratedattheUPT

nodefromwheretheuserisrequest-

ingtheservice.Theservicescenaho

processenablestheUPTserviceto

cooperatewithcorecall-processing

objects.Whenaserviceisterminat-

ed,theservicescenarioobjectisre-

moved.

4.UPTServicesandTheir

Prospects

4.1PopularityofUPTserv・

ices

UPTisattractivebecauseitimproves

andexpandsoncurrentPSTNserVic-

es.TogaugetheeffectofUPT,the

JapaneseMinistryofPostsandTele-

communicationsorganizedastudy

groupin1991.Thisstudygrouppro.

posedmanyUPT-basedservicesand

estimatedthepopularityofeachby

analyzingquestionnairesansweredby

workersinindustryandstudents.

Someoftheresultsfromtheseques-

tionnairesareshowninFigure4.The

namesoftheUPTservicesshownin

the丘gureareIlotthesameasthose

specifiedintheITU-TS(previously

calledCCITT)d㏄uments.Thestudy

groupconcludedf士omthisfigurethat

UPTservicescanbecharacterizedas

follOWS:

(a)TwotypesofUPTnumbersare

utilized:acalling-partyUPT

numberandareceivingParty

UPTnumber.Bothtypesare

necessa「y・

(b)Oneusershouldbeabletohave

morethanoneUPTnumber,

suchasabusinessUPTnumber

andaprivateUPTnumber.

(c)Theserviceoperationbottleneck

OCCUrSatinCall/OUtCallregiStra-

tion.Thus,aUPTdevicethat

canaidinbothUPTservice

managementandinbackingup

UPTserviceoperationsisindis-

pensable.

Themostpopularservicesas

showninthis丘gurearecaller

namedisplay,calleespeci丘ed

call,andcallingUPTscreening.

However,chasecall(AUPT

numbercalling)andlocation

displaywerenotverypopular.
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Figure4UserExpectationsofUPTServices

4.2Privatecall

Privatecall(``CallingPartyidentifi-

cationpresentation"intheterminol-

ogyofF.851)isaUPTservicethat

wouldaskthecallertoidentifythem-

selves.Theidentificationdata(such

asname,afi〔iliation,・andaphoto)

wouldberegisteredinthecaller'sUPT

device.Uponviewingtheinforma-

tion,thereceivingPartycandecide

whetherornottorespond.Bypush-

inga`1)usy"button,thereceiving

partycaninsteadhavethecalltrans-

ferredtOanansweringmachine.

80%

minalthatwasremodeledbyadding

anISDNinterfaceandanIC-card

reader/writer.TheUPTdevicehas

anIC-cardthatcanrecordcallerin-

formationfromthelasttenUPTcalls.

Thecaller'sinfbrmationdatais

transferredinaD-channelpacket.

Ourimplementationindicatesthat

theimagedataneedstobetrans-

ferredusingtheB-channelbecause

theDchanneldoesnothaveenough

throughput.

Theprivate-callserViceisnotexpect-

edtobeanimportantUPTSerVice.

Rather,itshouldberegardedasan

PrivatecallhasbeenimplementedinexamplethatshowsthatUPTo丘fers

ourlaboratoryonamultimediater.telecommunicationservicesthatare

considerateofthereceivingParty,
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皿likenormaltelephoneservices,

whichareoftenconsideredanunwel・

comeinvasionintothereceiver'spri-

vatelife.

4.3Automatedstartingand

stopPingofserVige

Thisserviceproposalassumesthat

thebankingservicesareaseffrlcient

astheUPTtransfer-bothservice

providerswillhavetobeabletobe

paidbythesubscriber.

5.Conclusion

Anotherproposalistheautomated

startingandstoPPingofservice.

SupposethataPSTNcustomermoves

fromTokyo,Japan,toWeimar,Ger-

many.InTokyo,heputhisUPT

deviceintoaUPTtelephoneandnoti-

fiedthetelephonecompanythathe

wouldliketostoptelephoneservice

athisTokyoaddress.'Afterarriving

inWeimar,hebuysaUPTtelephone

fromalocalsupermarketandfindsa

lineportinhisnewhouse.After

connectingthephoneandinserting

hisUPTdeviceintothetelephone,

messagesfromDeutscheBundespost

TelekomwelcomingaIlewcustomer

wouldappearonthedisplay.The

newsubscribercouldthenorderthe

telephoneserviceshewouldlikeand

sendhisUPTnumber,andwithout

anydelay,theuser'sUPTservice

wouldstartinWeimar.

Theadvantageofthisserviceisthat

theentireprocesscanbeautomated.

Sincenohumaninteractionisre-

quired,withaminimumeff()rttele-

phoneservicecanbestoppedin

TokyoandrestartedinWeimar.

Thispaperdiscussedthreeviewpoints

concerninguniversalpersonaltele-

communication:theimpactofUPT

numbersonPSTNcallcontrol,the

demandsthatwillbeplacedonthe

intelligentnetwork,andthecharac-

teristicsofUPTservice.Inaddition,

severalproposalswereintroducedto

givethereaderanideaofthefreedom
inherentintheUPTconcept.
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DevelopmentofDAtaRadio

Channel(``DARC,,)for

TrafficInformationServices

OsamuYamada,MasayukiTakada

ToruKuroda,andTadashiIsobe

NHKScienceand

TechnicalResearchLaboratories

1.Introduction

Mostoftheworld'sbigcitiesaresuf－

食ringchronictraf五ccongestion.Car

d亘verswantreal-timetra任icinfbr-

mationtoavoidheavilycongested

roads.Anewtrafficinfbrmation

serviceusingFMmultiplexbroad-

castingisexpectedtobeapromising

solution,]皿Khasdevelopedanew

waytoapplyminimumshiftkeying

(MSK)asanFMsubcarriercalledL-

MSK.Multipledatachannelscanbe

accessedandithasatransmission

capacityof16kbps.Wecallthis

channel`『DARC"(DAtaRadioChan-

nel).DARCiscompatiblewithRDS

asdevelopedbyEBU,sincetheyuse

dif丘rent丘equencybands。Trans-

mittersandantennasthathavebeen

installedfbrFMbroadcastingcanbe

usedwithoutanymodification,

meaningDARCcanbeintroducedat

alowcost.Inaddition,theserVice-

ableareaofDARCareverylarge.

Thispaperdescribesthesystem,the

L-MSKmodulationmethod[2],the

resultsoftransmissiontests,andthe

systemspossibleapPlicationstotraf-

ficservices.

2.TransmissionSystem

2.1Systemparameters

Figurelshowsthebasebandspec-

trumofDARCsignalandTablel

showsthetransmissionparameters.

2.2FMmultiplexbroadcast・

ingchamel

InFMmultiplexbroadcasting,FM

mUltiplexsignalsshoUldbemUltiplexed

usilgacarriersignalbetween53kHz
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and100kHz.Thedegreeofmultiplexing

shouldbekeptaslowaspossibleto

preserveexistingstereosound.

Incaseswherethereismultipathin-

terferencewhenreceivingFMmulti-

plexbroadcastingsignals,theresult-

antintermodulationdegradesthe

signal-to-noiseratioofthestereo

soundsignals.However,interference

betweenthestereosoundsignalsand

themultiplexeddigitalsignalscan

degradethedigitaltransmission

characteristics.Anydisturbanceof

themultiplexeddigitalsignalsbythe

stereosignalsaffectsalmosttheen-

tiremultiplexablefrequencyband.

2.3L・MSK(DigitalmodUla・

tionmethod)

2.4Errorcorrectingcodes

Computersimulationsregarding

methodsoferrorcorrectionhavebeen

carriedoutusingerrorpatterndata

gatheredinfieldtests.Asaresult,it

hasbeenrevealedthatthe(272,190)

product-code[3]isthebest.Figure2

showstheframestructureofDARC.

The(272,190)codecancorrectabout

llbitsoferrorper272-bitblock.The

(272,190)codecanbeadaptedtoother

digitalsystems,includingteletext,

protectingthescrambleddataofca-

bleTV,facsimiletransmission,FM

multiplexbroadcastingsystemsfbr

statiollaryreception,andoptical

memorycardsystems.

2.5DecodingLSI

TheFMmultiplexdigitaltransmis-

sioncharacteristicsaffectedby

multipathinterferencedependonthe

modulationlevelofthestereosignals.

Usinganewmodulationmethod,L・

MSK,thedegreetowhichthedigital

signalsaremultiplexediscontrolled

bytheL-Rsignallevel(leftsound

signallevelminushghtsoundsignal

level).Thebasicmodulationmethod

isMSKwhichcontainsnoinformation

aboutthesignalamplitude.Tablel

showsthecontrolcurveunderIrMSK。

L-MSKisthemostpowerfulmodula-

tionmethodunderrealmultipath

receivingconditions.

Aninitialprototypeofthedecoding

LSIforDARChasbeendeveloped.

TheLSIdemodulatesL-MSKsignals

andaccomplisheserrorcorrectionus-

ing(272,190)code.WhiletheLSI

consistsof2gate-arraychips,aone-

chipCMOSLSIisunderdevelopment

fbrpracticaluse.

3.TransmissionTest

Transmissiontestswerecarriedout

tomeasuretheperfbrmanceofthe16

kbpsDARCsystemintheareaserved

bytheNHKTokyoFMstation.All

highwaysandmainnationalroads

JIQNo.94,1993 58



16bits

190bits

鴫… ≧ ∈190bits> ∈82bits→

、

A

bits

'

2
口

DATA PARITY

、

A'

1fra

'匡
PARITY PARITY

272bits・∈ 〉

tBICstandsforblockidentifycode .

Figure2FrameStructure

intheareaweretested,ameasured

distancethattotaledmorethan1500

㎞.Transmissiondatawasreceived

withouterrorduring909らofthe

血easuredtimebycarryingouterror

correctionusingthe(272,190)product-

codeaspreviouslymentioned.

Correctreceptionrateisdefinedas

below.

Numberofcorrectpagesreceived
Correctreceptionrateニ

Numberofallpagestransmitted

Figure3showstheroadswherere-

ceptionratesofmorethan95%callbe

obtainedassumingonepagetobe15

packetsWithintheFMserViceareaof

theNHKTokyoFMstation.Acor-

rectreceptionrateofmorethan95%

canbeachievedinoneattemptWithin

approximately20kmofTokyoTower,

wherethetransmissionantennais

ソ
installed.Byusingthree-timeitera.

tivetransmission,acorrectreception

rateofmorethan95%canbeobtained

inalmostalloftheserviceareas。

Figure4showstheiterativetrans.

missioneffects.Thisfigureshows

theproportionof丘lesreceivedwitha

receptionrateofhigherthan95%in

59 JIQNo.94,1993



0.25mV/

◎

Urawa

、ミ(okohama

lmV/m、

』

01020304050km
`ltIlt

Onelteratlon

Two|terations
ロ ロ

ThreeIterations

Morethanfouriterations

Figure3RouteshavingMoretha1195%CorrectReceptionRate

JIQNo.94,1993 60



亘

鰺loo

誌go
σ)σ).

・§童

部
錘
29
22
8巴

£

80

'70

60

50

1

!膓

!㌶ ・

/ノ

/＼

方
●'

packet/page

15packets/page

250packets/page

234

Numberofiterations

5

Figure41terativeTransmissionEffect

theFMservicearea.Onefilecon-

tainseightminutesofdata.Assum-

ingthatthenecessaryreceptionrate

f()rbroadcastingservicesisatleast

95%,theserviceisavailabletomore

than90%oftheFMserviceareas

evenwithasmanyas250packets(1

packet=22bytes)justbyusingthree

iterationtransmissionandreception.

Figure5showsthereceptionratesof

DARCascomparedwiththatofRDS

inseveralareas.Botharetherecep-

tionratesofmobilereceiversfbrfiles

ofapproximately350bytes.Since

theerrorcorrectioncodeusedin

DARCispowerfUl,DARCissupeHor

toRDS.

4・SystemProtocol

TheElectricalTelecommunication

TechnologyCouncilofMinistryof

PostsandTelecommunicationsisde-

liberatingonthesystemstandardof

thenewFMmultiplexbroadcasting

systeminJapan.Thesystemstan-

dardwillbedescribedinamanner

fbllowingthatofthe7-layerreference

modelfbrdatabroadcastingthatis

showninCCIRRecommendation807.

Figure6showsanoutlinefbrthe
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systemprotocoloftheDARCsystem.

Theprot㏄oloflayers4,50r6is

similartothatofthecurrentteletext

systeminJapan.

5.Applicationto'Iraffic

Information

thatdriverscantuneintothem.

Forstationshavingawideservice

area,thestationsshouldbroadcast

trafflcinfbrmationfbradjacentser-

vicea「eastoaiddrivers.

5.2Serviceimages

5.1SerViceareasofDARC

FMbroadcastingcovers99.9%of

Japanand100%oftheareaswhere

trafficinformationismostneeded.

Therefbre,FMbroadcastingstations

shouldbroadcastdetailedtraf狂cin-

fbrmationintheirserviceareasso

EnhancedtrafficinformationserVices

willbegraduallyprovidedafterthe

developmentofbasicequipmentsuch

asdevicesfbraccuratelygaugingthe

speedofcars.Table2showsaser-

vicemodeldividedintothreelevels.

ItisassumedthattheserViceareais
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Layer7

Application

Layer6

PreSentation

Trafficinformationservice:Congestion,travelingtime,trafficregulation

Teletextservice:News,weatherforecast,townguide

Additionaldataservice:Program-type,alternativefrequencies

Fundamentalcodingscheme:Textcodedataunit(includingKanji)

Geometricpicturedataunit

Mosaicpicturedataunit

Transparentcodingscheme:Trafficinformationdataunit

ColormapPingdataunit

Layer5

Session data

header

dataunit'S

Layer4

Transport

＼
Datagroup /
datagroup

siz6

daねgroupdata 、 C
R

＼
【

1・ ・槍 ・・㏄ ・・ 田

/

Layer3

Network

Datapacket | 1

prefix databl㏄k

L32 1
144'

1

Layer2

Link

Layerl

Physical

FrameStructure

data

(datapacket's)

pilot

82-一 一」

RDS

190

BIC:

Blockidentifycode

CRC:

Cyclicredundancy

code

L+R .L-R

DARC

(L-MSK,16kbps)

0 19 38 57 76

Figure60utlineforSystemProtocol
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Table2BitRatesNeededforTrafficInformationServices

Service Kindofin允 ㎝ation
Totaldata

,

quantlty

Transmission

capacity*

1途vel1

Textdisplay(15char.×2rows)

Tra笛cjaminlocalarea

Highwayinfbrmation

Travelingtime

Tra笛cregulation

18kbyte 1kbps

Level2

Graphicdisplay(248×196dots)

Levelltextin負)rmation

Mapoftra笛cjam

38kbyte 2kbps

Level3

Graphicdisplay

CD-ROMmaps

Level2inK)rmation

Detailtravelingtimedata

99kbyte 5kbps

*:Paritycheckbitsfbrerrorcorrectionnotincluded .Toincludeparity

checkbits,thetotalbitrateis2.3timesthatoftransmissioncapacity.

Tokyo,wheretra伍ccongestionisthe

severestalld30%ofallroadsare

jammed.Thesametraf五cinfbrma-

tionissenttWiceeveryfiveminutes.

Evenatthefinalstageoflevel3,a

transmissioncapacityofabout5kbps

isenoughtobroadcastsuf丘cientin-

formation.Therefore,theremaining

transmissioncapacitycanbeusedfbr

seWicesotherthantrafficinforma.

tion,suchasnews,weatherfbrecasts,

stockmarketinfbrmation,orpaging.

Figure7showsanexampleoftra伍c

informationWitharoadmap.

6.Conclusions

TheElectricalTelecommunication

TedhnologyCouncilsofMmistryofPosts

andTeleCommunicationisdeliberating

onthestandardforanewFMmUlti-

plexbroadcastingsystemtobeusedfbr

traflicinformationserviceilJapan.

InTokyo,trafflccongestioncanbe

avoidedif3%ofthecardriverson

ordinaryroadsand13%onhighways

haveaccuratetrafficinformationtO

steerthemclearofcongestion.An

earlyintroductionoftimely,accurate

traf登cservicesisstronglyIleededfor

cardrivers.Presently,thereisamove

JIQNo.94,1993 64



1菱霧遍査 ヅ⌒ "、 淑 バ 、"し 、 $ 、や も Ψ"パ

_.、_∴_こ 二～ 。㌦ ・,'__二_二 歩_ ",'n,一 一、,.._一 斤一.二,. .._.,

姦噛

癖⊇ 織⑳噸

Figure7TrafficInformationwithRoadMap

tocombinesomesystemsthathave

beenindiViduallydeveloped,suchas

IVHSilltheUnitedStatesandVICS

inJapan.

(1)EBU,"Specificationsofthe

RadioDataSystem(RDS)fbrVHFγ

FMSoundBroadcasting,"Tech

3244-E,1984.

However,DARChasmanyadvan-

tagesfbruseintraf6cinformation

services.Nonewradiobandisneeded,

alldwideserviceareascanbereached,

runningcostsarelow,andcommuni-

cationsarereliable.Weexpectedthat

DARCWillplqyaVitalroleinfuture

traffTiCinf()rmatiOnSerViCe.

Reference

(2)CCIRDocumentWP10/5(1991),
"ANewModulationMethodof

FMMultiplexBroadcastingfor

MobilReceivers,"1991.

(3)0.Yamada,"Developmentofall

Error-CorrectionMethodfor

DataPacketMultiplexedwith

TVSignals,"IEEETrans.on

Communications,Vol.COM-35,

No.1,pp.1045-1055,1987.
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RecentProgressofDBSMobile

ReceiverTechnology

NoboruToyama

SeniorResearchEngineer

LightwaveandRadioEngineeringResearchDiVision

ScienceandTechnicalResearchLaboratories

N]HK(JapanBroadcastingCorporation)

1.Introduction

Japaneseoperationaldirectbroad-

castingsatellites(DBSs),BS-3aand

BS-3b,weresuccessfullylaunchedin

1990and1991.Bytheendof1992,

about五vem丑honJapanesesubsc亘bed

to㎜(JapanBroadcastingCorpo-

ration)toreceivethisnewTVbroad-

castingservice.Eight-hourHDTV

broadcastswerealsostartedonadai-

1ybasisfromNovember1991.

OneoftheremarkablefeaturesofDBS

liesinitswidecoveragearea.Itis

especiallysuitablef()rmobilerecep-

tionwhenavehiclemovesfromone

terrestrialbroadcastserviceareato

another.

2.NHK,sActivities

RelatedtotheDevelop・

mentofaDBSMobile

Receiver

Consideringtheprevalenceofsatel-

litebroadcasting,NHKhasbeen

workingtodevelopvarioustypesof

mobilereceiversfbrtheDBSsystem

forallmodesoftransportation.

FigurelshowstheNHK'sactiVities

relatedtothedevelopmentofDBS

mobilereceiversarrangedinchrono-

logicalorder.Thetechnologythat

wasparamounttothedevelopment

oftheDBSmobilereceiversisshown

inFigure2.

Atpresent,NHKsmajorinterestis

todevelopareliableairborneDBS

recelver.

3.InitialDBSMobile

Receiver

ThefirstreceiverdevelopedbyNHK

wassomewhatlargewitha且atan-

tennathatcouldmechanicallytrack
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1987Started24-hoursatellitebroadcastingwithBS-2b

1988

1989

1990

1991

1992

1993

StartedR&DonDBSmobilereceiver

DevelopedaDBSreceiverfortrains

LaunchedBS-3a

DevelopedaDBSreceivermountableonbuses

DevelopedacompactDBSreceiverforcars

DevelopedaprototypeairborneDBSreceiver

FigUrelNHK,sI)evelopmentActivitiesofDBSMobileReceivers

・High-efficiencyactivelow-profileantenna

・Feedinglinearrangementforcircularpolarization

・ln-phasemultiplexercapableoflowcarrier-to-noiseoperation

・Anaccuratetrackingsystemforbeam-pointing

FigUre2KeyTechnologyforDevelopingDBSMobileReceivers
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SignaiA
'
COS(ωt)

LPF

C。S(ωt－ θ)

SignalB

COS(ωt－ θ)

一90。

－Sln(ωt－ θ)

LPF

十

COS(ωt)

Figure4 In・phaseCombiningCircuitforInitialDBS

MobileReceiver

boththeazimuthandtheelevation

asshowninFigure3.

AnimportantcircuitusedintheDBS

mobilereceiverwasthein-phase

multiplexer.Oftwokinds,theone

showninFigure4wasinitiallyused

inthereceiver.Theverticalmove.

mentoftheantennarequiredalarge

spaceundertheradardome(radome),

makingittootalltobeinstalledon

therooftopofabus.

4.Bus・mountableDBS

Receiver

smallerandlighterwasdesignedand

fabricated.AsshowninFigure5,it

consistsofeightmicrostrip-antenna

subarrayswithtotalof512radiating

elements,eightlow-noiseconverters,

il1-phasecombinercircuits,electronic

andmechanicaltrackingcircuits,and

someothermechanicaltrackingde-

vices.

Thebl㏄kdiagramofthemobilere-

ceiverisshowllinFigure6.Inthis

model,aPLLin-phasecombinercir-

cuit,showninFigure7,wasused.

Speci丘cfeaturesofthisreceiverare

showninTable1.

Anadvancedmodelwhichwasmuch
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Figure51)BSReceiverforBuses

Common

local

oscillator

～

Combiner

・ ■ ■ ■ ■

Flatpanelantennaunits

BSconverters・

Rotary

transformer

Phase

monopulse

circuit

Phase-locked

in-phasecircuit /ξ

CPU
Mechanical

controller

Motor

①

Slipring

PowerAC100V

supply

Figure6BlockDiagramoftheDBSReceiverforBuses
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Phase-lockedloopcircuit.

1

2

9

1st工F

FigUre71n・phaseCombinerCircuitforEnhancedDBSReceivers

TablelSpecificationsoftheBus・mo皿tableDBSReceiver

一 一 一 一 ー ー ー ー ー ー ー ー ー ー 一_

1-「

1

お
⊂
'三5

E
O

O

Combi

output

× ▼

1

1

▼1

レ

1

0レ

1

1

1

I

l～

1

0_L_____

l

l

l

l

|

1

{

VCO

<
Loop

f‖ter
<

Phase

comparator

1

|

1

1

・ 〉___▲___」

Reference

phase

○

Frequency

converter
○ レ

エF

レ

2nd工F

Size 20cminheight,70cmindiameter

Weight 30kilograms

Power

consumption
100W

Tracking
360。in-planetracking(mechanical)

±10degreeselevation(electronical)

Antennagain 32.5dBmaximum

Transport Bus
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5.Car・mountableDBS

Receiver

EversinceNHKrenderedtechnical

assistanceindevelopingthe丘rstDBS

receiver,wehavemadeeffortstore-

ducethesizeandweightofthere-

celver。

Wedesignedacompactfeedingsys-

temforcircularlypolarizedantenna

elementsthatusesasinglepoint

feedingsystem,Wehavedesigneda

subarrayusingactivedeviceswhich

have皿lytworadiatingelements

alongthevertical.Foursubarrays

constitutetheentireantenna.

Wehavealsosucceededindesigning

anewin-phasecombinercircuitwhich

canworkataveryIowsignal-to-noise

ratios(CNR)。

Duetothesedevelopmentsandthe

recentimprovementinthenoisefig-

ureofthereceiver,wehavesucceed-

edinreducingthesizeoftheDBS

mobilereceiverdramaticallyasshown

inFigure8.Theblockdiagramof

thismobilereceivermodelisshown

inFigure9.Specificationsofthere-

ceiverareshowninTable2.Itcanre-

ceiveahigh-qualityTVpictureinthe

centralpartofJapanwithaCNRof

about12dBasindicatedinFigure10.

Figure8CompactDBSReceiverforCars
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Subarray Subarray Subarray Subarray

Commonlocal

oscillator

Elecロ ・onicbeam

trackingsystem

M㏄hanical

beamtracking

system

Earthmagnetic

directionsensor

Phasemono-

pulsedirectionf
inder

M㏄hanical

controllogic

ClrCUIt

LNB

Phasecontroland

in-phaseoombiner

ClrCUlt

Ultrasonic
rnotor

Output

FigUregBlockDiagramoftheCompactReceiverforCars

、

Table2SpecificationsoftheCar・mountal〕1eCompact

I)BSReceiver

Size 15cminheight,35cmindiameter

Weight 5kilograms

Power
●'

consumptlon
40W

Tracking
3600in-planetracking

±20degTeeselevation

Antennagain 27dBmaximum

Transport Cars
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Figure10 The12dBCNRAreaunderClearSkyConditions

(CompactMobileReceiver)
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(MeasuredValueinTermsofCNR)

6.AirborneReceiverfor

DBS

Thefinaltargetofourresearchisto

developanairborneDBSreceiver。

Themostimportantconsiderationin

developingtheairbornereceiveristo

findasuitablemountingplaceforthe

receiver.Alltheequipmentoutside

thefuselagemustwithstandsevere

environmentalconditions,andvery

lowatmosphericpressure.Afteran

in-depthstudy,wefbundasuitable

installationsitefbrtheairbornere－

ceiver.Althoughunpressurized,the

sitecanbecoveredbyaradomeof

about1.7minlength,45cminwidth,

and23cminheight.

Electromagneticwavetransmission

characteristicsoftheradomeata

12GHzareshowninFigure11.Us-

ingthisfigure,weconcludedthattwo

receiversshouldbealittlelargerthan

theoneshowninFigure8andshould

beseparatedbyabout70cmtocom-

pensatefbrtheangularvariationin

receptionduetotheradome.
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Figure12BreadboardPrototypeoftheAirborneDBSReceiver

∫研 吊 ∬
有 田 剤置

■
.癬覇1
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x 1」 ■

圧

rFCombinerTuner

IF
,< <

K

IRSsignal
・ 〉 Controlunit Controlsignal

Figure13BlockDiagramoftheAirborneDBSReceiver

Wehavedevelopedabreadboardpro-

totypeoftheairborneDBSreceiver

asshowninFigure12.Theblock

diagramisshowninFigure13.The

twoIFsignalsfromthereceiversare

combinedin-phase.Aninertiarefer－

encesignalproducedbytheaircraft

isusedtoa(ljustthemechanical

trackingoftheantenna.ACNRof

about14dBcanbeobtainedforal-

mostallofJapan.
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7.Conclusion

NHK'sdevelopmentactivitiesre-

gardingtheDBSmobilereceiverhave

beenpresentedinchronologicalor-

der.Someofthereceiversmentioned

arealreadybeingused.Formobile

receivers,thesizeofthereceiveris

crucialtodeterminingitssensitivity

and,thus,itsusefulnesstoconsum-

ers。Anyfutureincreaseinsatellite

powerInayenablethesizeofthemo-

bilereceivertobereduced.
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Spread・SpectrumComm皿ications

forConsumerApplication

－ApplicationsofSpread-SpectrumCommunicationsinJapan－

MasaoNakagawa

Professor

DepartmentofElect亘calEnginee亘ng

KeioUniversity

1.Introduction

Spread-spectrumcommunications

systemshavehadmanyapplications,

butbecauseoftheirantiうammingand

anti-interceptionproperties,they

havemairユybeenmilitary.Today,

progressincommunicationdeVicesis

reducingthecostofsuchsystemsand

givingusthepossib丑ityofnor皿1ihtary

apPlications.

marketwillbecomemuchlarger,with

consumer-communicationnetworks

becomingcomparablewithpublic-

comm皿icationnetworks.Thepre-

dictedprogressofconsumercommu-

nicationsisattributedtolowcost,

securityfromotherusers,unregulated

design,andadvantagetolocaland

small-zonecommunications.Con-

sumercommunicationshasthemost

potentialforgrowthinthefuture[1].

Nonmilitarycomm皿icationsnet-

workscanbeclassi丘edintotwokinds,

public-communicationandconsumer-

communication,bothofwhichseem

verypromising.Figurelshowsthe

present面sionsinno㎜ilitarycom-

municationsnetworks;thepublic-

communicationnetworks'shareofthe

marketismuchlargerthanthecon-

sumers'one.'Figure2showsthepre-

dictedfUtureshare;thesizeofeach

*Consumer -communicationnetworks

includeLAN,WLAN,indoorcommu-

nications,cordlesstelephones,com-

municationsf()rrobots,remotecon-

trol,datacarrier,homecommunica-

tions,offlcecommunications,andfac-

tOryCOmmuniCatiOnS.

However,severalproblemsmustfirst
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beovercome,notonlydevicedesign

problemsbutalsotransmissionline

problems,sinceconsumer-communi-

cationnetworksoftenhavetoemploy

poortransmissionlinessufferingfrom

fading,lowpowertransmission,in-

terference,andinterception。Thekey

technologytoovercomingPoortrans-

missionlinesisspreadspectrum.This

paperdescribesthegrowingapplica-

bilityofspread-spectrumcommuni-

Cat10nStOCOnSUmerCOmmUmCat10nS

inJapan.

Publiccommunications

Consumer

COmmUnlCat】OnS

FigurelPresentDivisionofCommunicationNetworks

Publiccommunications

Consumercommunications

Figure2ProbableFutureDivisionofCommunicationNetworks
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2.SomeConceptsof

Spread・SpectrumCom・
　 　

munlcatlons

Hereweshowtheconceptofspread

spectrum・

Figure3showsabl㏄kdiagramofa

spread-spectrumcommunication

systemwhichusesatransmitterand

areceiver.Thedataisfilteredbya

narrowbandmodulatorandthere-

sultingnarrowbandsignalwidely

spreadusingthespreadingcode.The

transmittedspreadsignalisdespread

bythesamespreadingcodeandthe

resultingnarrowbandsignalisde-

modulatedatthereceiver.

Spread-spectrumCommunication

Data

Figure4showsaspectraschematicof

thefrequencytransformationsatthe

transmitterandreceiver.Because

thespreadsignalcanbedemodUlated

eveninthepresenceofnoisewitha

higherspectrumintensitythanthe

signalmeansthatotherreceivers

withoutthesamespreadingcodewill

havedifficultyfindingthesignal.

Thusthespreadsignalhasresist-

anCetOinterferenCe.

Narrow-bandsignal

＼

Spread-spectrum

signal＼

freq.

Narrow-band

modulation ×

____」============コ__f
fcl

Attransmitteti

Spreading

code

Noise

1 1

TransmitterofSS /丘
Spread-spectrumsignal

f

×
Narrow-band

demodulation
Data

Spreading

code

ReceiverofSS

Narrow-bandsignal

Noise

＼

一

廿e

Atreceiver

FigUre3ASpread・Spectrum

CommunicationSystem

Figure4SS・SignalSpectraat

TransmitterandReceiver
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3.Spread・SpectrumCom-

municationsforCon・

sumerApPlication

Consumercommunicationscanbe

classifiedintotwocategories:wire

communicationsandwirelesscoln-

munications。Here,wediscussonly

wireleSSCOnSumerCOmmuniCatiOnS.

Themostelegantapplicationofthe

spread-spectrummethodisinwire-

lesscommunications,wheremulti-

channels,interference,andintercep-

tionarepresent.Weshowherefbl-

lowingexaエnples:datacarrierand

radioremotecontrol,ISMwireless

LAN,personalcommunication,and

vehicle-tovehiclecommunicationand

ranglng・

3・1Datacarrier

Thedatacarriersystemismainly

usedinfactOrieswheremanUfactured

objectsneedtobeautomaticallyiden-

tified.AsshowninFigure5,data

carriersystemsusuallyconsistofa

colltrollerunit,aread/write(R/W)

head皿it,anddatacarrierunit(tag)

asillustratedbyFigure6.Thecon-

trollerandR/Wunitsare丘xedwhile

thedatacarrierunitismobilesinceit

isattachedtoanobjectwhichiscar-

riedonaconveyorbelt.Electrical

powerfbrtransmittingdatatothe

fixedRfWheadunitissentfromthe

fixedheadunitthroughthecoupling

coils.Thetransmissionpowerisso

smallthatthedatatransmissionis

Product

Conveyorbelt

Figure5

－Reader

___」writer

Interference

Tocentralcomputer

Datacanier
(batteryless)

DataCarrierSysteminFactory
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Antennasorcouplingcoils

Dataandenergy

→

7＼

<一 －Dataonly

Noise

Mobile り
batteryless,
small

Figure6BlockdiagramofDataCarrierSystem

apttobesusceptibletonoisesuchas

clocknoisesgeneratedbythepr㏄es-

sorsinthecontrollerandRIWunit.

Cl㏄knoisedoesnothaveaunifbrm

spectrum,butaspectrumconsisting

oflines.Spreadspectrummodula-

tionisrobustagainstsuchnoises.

3・2Radioremotecontrol

Radioremotecontrolsystemsare

widelyusedinfactories,construction

sites,officesandhomestocontrolro-

bots,cranes,andcomputers.These

systemsmustbereliable,becausea

datatransmissionerrormaycause

anaccident.Sincemultichannelfad-

ing,interference,andnoisedegrade

thetransmittedsignalofradiore-

motecontrolsystems,weproposeus-

ingaDSZFHhyb亘dtechnique.Table

lshowsthespecifications.

TablelSpecificationsofSS

RadioRemoteControlSystem

Term Speci行cation

Trans.

powe「

Lowpowerregulation

FHband
width

5MHz

HopPingnumber 15(RScode)

Hoppingfreq. 4.88kHz

DSprocessing

gain
32

Modulation FSK(m=1)

Chiprate 6.4μs/chip

Bitrate 4.88kbps

Errorcontrol
1/2convolutionalcode,

Viterbidecoding,CRC

DSsynch.
64steps

matchedmter

FHsynch. DSsynch.signal
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3・31SMwirelessIAN

Spread-spectrumcommunicationhas

beenallowedonindustrialscientific,

andmedial(ISM)bandsintheUSA

since1985.Oneofthem(2.4GHz)

hasalsobeenusedfbrSSinJapan

sincetheendof1992.Themaximum

transmittedpoweris260mW,while

themaximumbandwidthis26MHz.

ManykindsofISMWLANsystems

whosestandardtransmissionrateis

256kbpswillbesoldthisyear,mainly

byof丘ce-equipment,factory-equip-

ment,andaudiocompanies.

3・4Personalcommunications

Spread-spectrumcommunicationsare

thoughttobeastrongcandidatefbra

futurepersonalcommunicationnet-

works,becauseofitshigh-frequency

efficiency,antifading,anti-interfer－

ence,andanti-interceptionproperties.

Themainissueishowtoincreasethe

numberofmulti-users.Herethekey

technologywillbecrosscorrelation

cancellationasdescribedin4-2-2.

3・5Vehicle・to・vehiclecommu・

niCatiOnandranging

Toavoidaccidentsandtogainthe

abilitytocommunicatewithothers

whiledriving,asimultaneouscom-

municationandrangingsystemus-

ingspread-spectrumsignalshasbeen

proposed(2).Figure7showsthecon-

ceptofasystemcalledthe`boomer-

angtransmissionsystem."The

transmittedspreadsignalfromone

carreturnscarryingthedatamodu-

latedbyanothercar.Thesespread-

spectrumsignalsarenotonlyusefUl

f()rcommunications,butalsof()r

ranglng・

Ranging+communication=SS

SSSignal
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Returnsinboomerangfashion

BoomerangTransmissionSystem

UsingSpread・SpectrumSignal

82



4.DevicesandSystems

4・1SAWdeViceapplications

Adi伍cultproblemsf()rspread-spec-

trumcommunicationsystemsishow

tosynchronizethereceiversdecoder

tothetransmittedsignal.Theslid-

ingcorrelatormethodisthesimplest,

butitneedsalongacquisitiontimeto

synchronize.Matchedfilterand

convolvermethodsneedamuch

shorteracquisitiontimeandSAW

devicescanbeadaptedtothem.

4-1・1Matchedfilters

turalchangebychangingtheexter-

nalreferencePNcode.AnSS

convolverscanbefab亘catedwitha

255chipperiodand66-MHzband-

width.

4・2Digitalsignalprocessing

apPlications

Digitalsignalprocessorshavebeen

adoptedinalotofcommunication

systemsbecauseofthestability,the

variabilityofparameters,thefiex-

ibility,andtheexpansibilitytonew

functions.Theycanalsoadoptedin

spread-spectrumcommunication

・systems .

Severalcompaniesareselling

matchedfilterswithastandardchip4・2・1

periodof127MHzandachiprateof

16MHz.

Spread・spectrumblock

demodulatorforpacketSS

ロ 　
trans皿SSIon

4.1.2Convolvers

Matchedfiltersutilizeaconvolutional

effectbetweentheimpulseresponse

ofthefilterandthereceivedpseudo

noisesignal。However,changingthe

pattemofthePNcodetoanother

patternisdif五cult,becausethepat-

ternoftheimpulseresponsedepends

ontheelectrodepatternontheSAW

filter,SSUrfaCe.

Usingaconvolversolvestheproblem,

wecanchangeareceivedPNcodeto

anotherwithoutanyinternalstruc－

Initialsynchronizationcausesseri-

ousproblemsinSSpacketradionet-

works,becauseeachSSpackethasto

havealongpreamblefbrtheinitial

synchronization.Thisdegradesthe

ef丘ciencyofthepacketdatatrans-

missionifconventionaldemodulation

systemswithoutmemoryfunctionare

employed.ByusinganSSblock

demodulatorwithamemoryblockto

storeaquasi-coherent-demodulated

packetasshowninFigure8,there-

ceivedSSpacketcanbesynchronized

withoutusingapreamble.
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4・2・2Crosscorrelationcanceler

Crosscorrelationsbetweenmultiuser-

signalslimitthemultipleaccessuser

capacityinSScommunications.By

uSingaCrOSSCOrrelatiOnCanCelerata

receiver(3),thenumberoftheusers

canbeincreased.

5.Conclusion

Consumercommunicationswillplay

animportantfutureroleandakey

componentwillbethespread-spec-

trummethod.Severalexamplesthat

showtheapplicabilityofspread-

spectrumcommunicationstocon-

sumercommunicationsinJapanwere

showninthispaper.

Advancedcommunicationtechnology

willbepassedfromthemilitaryto

thecivilianandfromthepublictothe

individual.
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CurrentNews

*PersonalComputerMarket

ShoWingRecoveryTrend

Accordingtopersonalcomputership-

mentstatisticsannouncedbyJEIDA

(JapanElectronicIndustryDevelop-

mentAss㏄iation),shipmentsduring

the4thquarterofthe1992丘scalyear

(January-March,1993)totalled

688,000units,up6%overthesame

quarteroftheprecedingyear.Itwas

thefirsttimeineightquartersthat

shipmentshadincreasedoverthe

samequarteroftheprecedingyear.

Theshipmentsfbrthewholeyear

totalled2,207,000units,down4%

fromtheprecedingfiscalyear.

Althoughyearlyshipmentshavede-

clinedfromtheprecedingyearfbr

twoyearsinsuccession,JEIDA

judgesthattherecessionoftheper-

sonalcomputerbusinesshashit

bottom.

Inthe4thquarterofthe1992丘scal

year,domesticshipmentsofpersonal

computerstotalled544,000units,up

1%overthesamequarterofthepre－

cedingyear.Itwasthefirsttimein

sixquartersthatdomesticshipments

hadincreased.Exportsinthesame

quartertotalled144,000units,up31%
overthesamequarterofthepreced-

ingyear.Theincreaseinexportsis

accountedfbrbyrapidsalesgrowth

intheAmericanmarket,wherelow

pricecompetitionisintensifying

amongmanufacturers.Theincrease

indomesticshipmentsisduetothe

factthatusers,whohavebeenob-

servingPricecompetitionamongdo-

mesticmanufacturersfromthebe.

ginningof19930nward,havejudged

thatthepricedeclinehasstoPPed,

andhavebeguntobuycomputers.

Concerningthefutureoutlookfbr

shipments,JEIDApredictsthatthe

personalcomputermarketwillshow

anaverageannualgrowthrateof7%

untilaround1996becauseofthe

happyfactorthattheGovernment's

newcomprehensiveeconomicpolicy

includesinstallationofadditional

personalcomputersatprimary,sec-

ondaryandhighschools,andbecause

JIQNo.94,1993 86



LANs(localareanetworks)thatcon-

nectpersonalcomputerswillspread

throughmedium-sizedandsmallen-

terprisesaswell.

processingspeedofthemodeltobe

developedwillbeover100MIPS(1

MIPS=executionspeedoflmillion

instructionspersecond).

*CanonEntersWorkstation

BusinessintheU.S.

Takingtheopportunityprovidedby

thewithdrawalofNextComputer,an

AmericancompanyinwhichCanon

has17%ownership,fromthehard-

warebusiness,Canonwillrecruit

developmentengineersfromthis

companyandentertheworkstation

(WS)business.CanonWillestablish

anewcompanyintheUS.,develoP

high-speedworkstationsthatuse

Nextsoftware,andmarketthemun-

dertheCanonbrand.

Thenewcompanywillconsistoffif-

teenengineersrecruitedfromthe

hardwaredevelopmentsectionofNext

Computerandstaffdispatchedfrom

Canon.Detailsaboutthesoftware

sellingrightsandthehardwarede-

velopmentlicenseprovidedbyNext

Computerarebeingdiscussed.

ThenewmodelwillhaveaRISCtype

microprocessortowhich``Nextstep,"

NextComputer'soriginaloperating

system(OS),willbetransplanted.

Theyplantomarkettheworkstations

f()rengineering,bankingandaca-

demiccomputingnextyear.The

Thenewcompanywillconcentrateon

developmentintheimmediatefuture.

Workstationswillbemanufactured

andmarketedbyCanon'sofflcema-

chinemanufacturingsubsidiariesin

theU.S.andpartnermanufacturers

inSoutheastAsia.

*JIPDECSurveysUsers,In.

VeStmentinInfOrmatiZatiOn

JIPDEC(JapanInf()rmationPr㏄ess-

ingDevelopmentCenter)summarized

theresultsoftheirsurveyonusers'

attitudestowardinfbrmatizationin-

vestmentandstrategicinformation

systems(SIS).

Concerningchangesinthelevelof

infbrmatizationinvestment,24.7%

hadexperiencedadecreaseand29.4%

anincrease,whileinvestmenthad

remainedaboutthesamefbr43.9%.

Contrarytothegeneralviewthatin-

f()rmatizationinvestmentissluggish

duetotheeconomicrecession,the

surveyrevealsthatmanyenterprises

showenthusiasmfbrinfbrmatization.

However,thesurveydoesnotshow

thein到uenceexertedbythesuppres-

sionofinfbrmatizationinvestment

among丘nancialinstitutions,because
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itmakesnocomparisonintermsof

mOnetaryvalue.

Thespecificactionstakenafterre-

viewinginfOrmatizatiOninveStment

include`℃ancellationordelayof

hardwarepurchaseorsystemdevel-

opment"(19.2%)and"Reductionsin

purchasesofconsumablesuppliesand

ineducationandtrainingexpenses"

(8.2%):Theseenterprisesinclude

thosewhichansweredthatthe

amountofinvestmentshadnot

changedfromthepreviousyear.As

fortheattitudetowarddownsizing,

44.7%answeredthattheyhadbegun

downsizingalready,while52.6%an-

sweredthatdownsizingwasbeing

considered.

ConcerningactionsrelatedtoSIS,91

enterprises(35.7%),includingthe57

enterphseswhichalreadyhavestra-

tegicinformationsystemsinopera-

tion,are``takingconcrete.actions."

Thisgrouphaddecreasedby10.6

pointsfromthe1991fiscalyear.On

theotherhand,58.8%answeredthat

SIS-relatedactionis`℃eingconsid-

ered,butnoactionhasbeentaken

yet,"up8.1points.

Concerningtheeffectsofinformati-

zationinvestment,theanswersthat

itiS"effeCtivetOSOmeextent"Or"quite

effective"accountfbr83.9%,indicat-

ingthattheeffectivenessofinvest－
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mentisgenerallyrecognized.The

reasonswhyattitudestowardinvest-

menthavebeenrevisedandzestfor

SIShasdecreased,inspiteofthis

Widelyrecognizedeffectiveness,seem

tobethatmanyusershavejudgedit

bettertowaitandseefbrawhile

becauseofrapidenvirOnmental

changes,suchasdownsizing,andthat

theeconomicrecessionhaslowered

thepriorityofgainingacompetitive

advantage.

*F可itsuExpandsTie・up

WithSiemensinGeneral・

purposeComputerField

InJune1993,Fujitsuannouncedan

agreementtoexpandatie-upwith

SiemenofGermanyinthegeneral-

purposecomputerfield.Thesection

concernedisSiemensNixdorf(SNI),

Siemens'subsidiaryinchargeof

computers.Aprocessortobedevel-

opedbyFujitsuwillbeusedinthe

successormodelsofthemid-sizeand

smallgeneral-purposecomputers

whicharetheproductsoforiginalde-

velopmentbySNI.SNIwilldesign

andmanufactureCPUsusingFuji-

tsu'spr㏄essorasthenuc}eus.Fujit-

suwilladopttheseCPUsfbrtheir

ownsmallgeneral-purposecomput-

ersaswell.

ThetwocompaniesWilljointlydevel-

opsomeOSfunctionsfbrgenera1一



purposemachines.Forexample,they

willcombinetheirtechnologiestode-

velopafUnctionfbroperatinga

numberofoperatingsystemswithone

P「ocesso「 ・

Untilnow,Fujitsuhassuppliedlarge

genera1-purposecomputersandsu-

percomputerstoSNIbyOEM,and

hasgrantedlicensesfbrUNIXOSfbr

supercomputers.Smallgeneral-pur-

posemachinestobedevelopedunder

thistie-uparetobecommercialized

by1996.Fujitsuestimatesthatthey

candecreasethehardwaredevelop-

mentcostfbrthenextgenerationof

smallgeneral-purposemachinesby

abouthalfandthatthedevelopment

pe亘odcanbeshortenedtotwoor

threeyearsasaresultofthistie-up.

*MarubeniBeginsSupPlying

CreditInformationonOver・

seasCompanies

MarubeniTelecomInternational,a

subsidiaryofMarubeni,hasconclud-

edanagencycontractwithMRC,a

Britishinternationalcreditinvesti-

gationcompany.StartinginJuly

1993,theywillsupplycreditinfbr-

matlononoverseascompamesas

storedinMRC'sdatabase.

nessfiveyearsago.Theyareespe-

CiallyStrOngininfbrmatiOnOnmarine

transport,oil,andcommodityex-

changecompanies.Theirdatabase

containsinfbrmationonmorethan

40thousandcompanies,mainlyin

EuropeandtheUS.

Untilnow,Marubenihasutilized

MRC'sinformationforcreditinquiry

oftheirclientsandbusinesspartners

asauser.However,theirsubsidiary,

MarubeniTelecomInternational,will

nowactasMRC'sagencyandsupply

informationtoJapanesecompanies.

Theinfbrmationthatwillbemade

availableincludesacompany'sbusi-

nessandfinancialconditionsingen-

era1,anevaluationbyathirdpartyin

theindustry,andMRC'sownranking

andevaluation.Thepricefbrinfor-

mationrangesfrom25,000yento

170,000yenpercompanyaccording

tothetypeofinfbrmationandthe

investigationtimeperiod.Dataup・

datingservice,addingthelatestin-

f()rmationoncompanieswhichusers

havehadinvestigatedinthepast,

willalsobeavailable.Usersmay

obtaininfbrmationbyfacsimileor

on-lineoperationsusingPersonal

computersiftheywish.

MRCisaninternationalcreditinves-

tigationcompanythatstartedbusi－
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