1 - APR 2005 -1 TITLE OF THE | NVENTI ON METHOD FOR ALLOCATI NG RADI O RESOURCE,
RADI O COMMUNI CATI ON APPARATUS AND RADI O COVMUNI CATI ON  SYSTEM 5 BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention generalbg
relates to nethods for allocating radio resource, radio 10 cormmunilcatfifofl?
apparatuses and a radi o communi cation sysiem and nore particularly to a

nmet hod for allocating radio resource, a radi o comruni cati on apparatus and
the radi o conmuni cation systemin which radio resource is allocated for a
term nal or a IS TEmMUANi TAEI anveemIent i on. 2. Description of the Related Art
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media was a core of conmunication connections, whén "20 i nproving
in a use effectiAhesSOMAUNREATAANy AREETATER MWiB paPor FEYMUNAE ATaldP o
communi cati on Systgyn controlled to maintain a fairness of a communication
quality in aII termnals. In the conventional radio comunication system it
coul d be 25° t hought that the communication quality was equal to al

termnals. HowesggKGR@ceDt Oy, TaEensVEmNmIGN t o  downl oad various nedia such as
not only voice nedia but al so qgﬂangi %tﬁpggngyglcatlon a dynamc inage
or static image, so called nultine “been’ 30 increasing. It is becom ng
essential for a future radﬂﬁfmmﬁﬁﬁﬁéaPPdﬁ§t§V§t@mQQ¥%ﬁkW|ﬁ%l@E@ﬁ ari ous

mul timedi a ser\WL8sdd NEOFAEL 1HeaRHQV desd hese-suhtbaedi-agigervi ces as users

are sufficjently satisfied, it s .39 thought that (1 is neeessary fo set

system, and more particularly to a method for
allocating radio resource, a radio communication
apparatus and the radio communication system in which
radio resource 1is allocated for a terminal or a
15 communication connection.
2. Description of the Related Art
In a conventional radio communication
system in which a conventional volce media was a core
. of communication connections, when control for
20 improving iIn a use effectiveness of the radio
resource was performed, the radio communication
system controlled to maintain a fairness of a
communication guality in all ferminals. In the
conventional radio communication system, it could be
25 thought that the communication quality was equal to
all terminals. However, recently, users demand to
download various media such as not only voice media
but alsc non-voice data communication, a dynamic
image or static image, so called multimedia has been
30 increasing. It 1s becoming essential for a future
radio communications system to provide such various
multimedia services.
In order to provide these multimedia
services as usars are sufficiently satisfisd, it 1is
35 thought that it i1s necessary to set communication
guality as a different value for each terminal or

2ach communication connection. For example, it is



quality as a different value for each term nal or each conmunication
connection. For exanple, it is 1- APR"M-2 required for one comruni cation
connection conducting a voice comunication to be as fewtransit-delay tine
as possible even if a tone quality is sonewhat degraded. On the othef -:ppdsgs
it is required for 5 another communicati on% connecti on conducting a data
comuni cation to have less data errors whiTe a transit-delay tinme is allowed
to be greater. Accordingly, when the radi o comruni cati on system provides

various multi m%@iq%l%&rd/i&ﬁl&oéé V‘@Mnu%%c%*r]i%rrsy(.%r?ﬁaéi@?&g”cé%%@ln%g an
effective transm ssion effecti veI usi n%wadl O_resource, ntrol is
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technol ogy, varj, radege& 9ns Jhave teen {TEQS for the control,in the radio
conmuni cati on sy eémconduct s suc iedi a sérvicet” ﬁ%wever t he
conmuni cat i on gualtnar |@m¢1ﬁb¢@m0ﬁoﬁ0n@mu@r morduotieach demmuni cation

connection, a 20.RfOP&SsCOM rob £a0R0t che eonducded,to satisfy the
comuni cat i on quallty required b each term nal qr each conmmuni cation

connecti on. i T’H& CONFERCHGTaITY Shrit oYF8E - wi | | now be
described wt hAcro@freir_em:]gflodHquG thandaBliG 2ombuHadieés aydiagram showi ng a

relationship betuaen.a ref erence.yalie and A actual yalye in.a case in

whi ch the conventi o i 0O conmuni cati on st em unitary deter mnes the
ref erence YAl uéYsf-en eifiti ¥&d CORMURFEET 6f qUdIgTy i Tortapnseépaiiral s. In 30
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each of terminals or communication connection
handling different media.

15 In a conventional technology, various
designs have been made for the control in the radio
communication system conducts such multimedia service.
However, the communication quality is different for
each terminal or each communication connection, a

20 proper control cannot be conducted to satisfy the
communication guality reguired by each terminal or
each communication connection. Such problems in the
conventional technologiles will now be described with
reference to FIG.1l and FIG.Z2.

25 FIG.1 is a diagram showing a relationship
between a reference wvalue and an actual value in a
case in which the conventional radio communication
system unitary determines the reference value of
required communication guality for all terminals. In

30 this case, 1t is assumed that one terminal
establishes a communication connection for one medium.

In the conventional technology, when radio
resource is allocated for each terminal, a terminal,
which communication gquality is degraded lower than

35 required communication guality, is prioritized and
then it is controlled so that the radio resource 1is

allocated in a lower order of the communication



whi ch communi cation quality is degraded |lower than 35 required conmuni cation

quality, is prioritized and then it is controlled so that the radi o resource
is allocated in a |lower order of the conmunication 1 - APR 2005 -3 quality.

In FIG 1, reference values are unsatisfied for termnals A C ang_%P 2005
respectlvely For the termnals A C and ? the radi o resource i ﬁocat ed
in the low order of the communication quality, that 5 is, in an order of the
termnals A Cand D. Alternatively, instead of setting the reference val ue

of the required,conuni catj 0@1@“?' LY rabRE a%quése%%{% Cend $- SLAPLY
all ocated in the | ow order of comuni cation quality. In this case, an

al | ocation 10 d’fod%rt%‘fm%%@l?aﬁlr Lré‘é’(‘i’urDoe Iseduhesl 4nt Br deicbf tRfle terni nal

D, C, A and B asrinien$spsrenascdgser phedmbaveiio Th@§@ufag| 0sl 8SQWee ed
al l ocating procesgﬁﬁ%d scribgd abqve.can be applied in_a age in mhlch each

term nal requirés Qe E Sifufi-c &t 1T Gt ‘tf/atlﬁ% BiEeh¥not-"B¢ appl i ed
in a case ih which sacinterdenabfr eéqu reseimif$ ekent aodnlni cation quality.

For exanpl e, i M&eﬁﬁaif\@wyre%%%%daldfogaéwﬂng PERLESSES ref¥EN Juf fhe
termnal A severely requires the comunication quality nore than the

termnal D, 20 &theétadieAresstr E@W“ﬁ&ataH'bc%‘f%H”Eb thest EfRiRal A with a
hi gher priori tyretsthm:cté]eli eg ﬁmpah/ Rl lo/émiycdlﬂglt{hevmeﬂ bheeeomfuriheat i on

qualltyreqwre each. rmn is diff t is. reg each
termnal makes @ 1€ r%fe% 1t:l(){ggt He“ra l&yo 2% c%%ir%m ca |onar}s %#Jééﬁ?%nﬁgshe radi o
conmuni cat 1@n OS}-’yiﬁl“en@%I tearegdithaesadits a éxviRees ba@e@lrdﬁrt hé the

communi cation qualiys 1 efui ced by gaah 4 erphoakanehereinafderncal hedya.
required quality). FIG 2 ] s.a di agr%m show ng&a rel ati gnship 30 between the

required quality and actual® 5P i DR°CHuSFi P}locﬁ%%%‘f‘?%e%%h each

term nal individsddibed above can be applied in a case in which
each terminal reguires +the same communication quality,
15 but cannot be applied in a case in which each
terminal requires a different communication guality.
For example, in these radio resource allocating
processes, even if the terminal A severely requires
the communication gquality more than the terminal D,
20 the radio resource is not allocated to the termirnal A
with a higher priority than the terminal D.
Accordingly, when the communication gquality required
by each terminael is different, it is required that
each terminal makes a request of the radio
25 communication system and the radio communication
system allocates the radio resource based on the
communication quality required by each terminal
(hereinafter called a required guality).
FIG.2 is a diagram showing a relationship
30 between the required quality and actual communication
quality in a case in which each terminal individually
requires a necessary communication guality. In a
multimedia communication system, it is thought that
each terminal reguires a different communication
35 quality. In these conventicnal radio resource
allocating process in this case, the radio resource

is allocated in an order of the terminal D, C, A and



requi res a necessary comrunication quality. In a nultinmedia comunication
system it is thought that each termnal requires a different conmunication
35 quality. In these conventional radio resource allocating proces%_i %’Rtﬂhﬂs
case, the radio resource is allocated in an order of the termnal D ©C }
and 1 - APR 7005 _s_ B and the termnal A _gatisfying the required quality is
prioritized higher than the termnal B that does not satisfy the required
quality. In addition, when the termnal Cis conpared with the termnal D,
the 5 termnal (Cdrs: much {oweinLhan the irequest eghgu%ngre@n%hem he
term nal C should be prioritized hi gher than the termnal D wever, in the
convent i onal rla?dipo“rg%bﬁr%%daf"ll%‘&ti NG oY odEssEETRENE ér A (TAR T0 38 S
prioritized hi gher ddvans fhether arenali rf€d HuaAsi describediaboven ,t heen
conventional radio ., resource-allocating.pyogess éklkgpl:grggkﬁgabes &he radio
resource in the l'ow order of "'the conmunication qualrfy. terdatively, the
conventionab radirginasdurte @ARFBcabiver privdess $rioniepzed tderiiial s 15

whi ch communi catjon Hial 4k escanenkboner dihan & dé xgdi ook tunkliamlgh &.€f erence
val ue of the rac;{o ctﬁm‘ry‘n_i cation syséem and then allocates the radio
resource to the 8y Mimal SR the Pow oPHEY S6F the “Cormtny Tabr8R3qual iti es.
Ei t her one of thwese 20:conveat hdhakartddico pesois e ahbkocatrmigapgr dresses i S
an effective al],qcating progesg-enky i @ £asedN,,which all termnals or all
conmmuni cati on ¢onnections reéui‘re t he sane communication quality. However,
in a radi 6comruni cation $yst%HForPadl #PREAI o thEa®P 2B et R hhl TBf18ach
communi cati on ceECidHN=1 BHUhEes jap rdidfdsay entneppmuni 6akices qual ity. Thus,

when the radiq resource is_ allocated,in the order Jt%lkect he _Gonventional
radi o resource -al1'dcatihg processes” t1é Tunber” of “the “Cer i Aals ot t he

communi cation guality. Alternatively, the conventional radio

ra2source allocation process prioritizes terminals

15 which communication gualities are lower *han a fixed
or unitarily reference value of the radio
communication system, and then allocates the radio
rescurce to the terminals in the low order of the
communication gqualities. Either one of these

20 conventional radio resource allocating processes is
an effective allocating process only in a case in
which all terminals or all communication connections
require the same communication guality. However, in
a radio communication system for multimedia, each

25 terminal or each communication connection requires a
different communication guality. Thus, when the
radio resource is allocated in the order like the
conventional radio resource allocating processes, the
number of the terminals or the communication

30 connections that do not satisfy the reguired quality
ig increased in a case there 1is no sufiicient radio

resource.

SUMMARY OF THE INVENTION

35 It is a general object of the present
invention to provide a method for allocating radio

resource, a radilo communication apparatus and a radio



30 connections that do not satisfy the required quality is increased in a
case there is no sufficient radio resource. 35 SUWARY OF THE | NVENTI ON It
is a general object of the present invention to provide a nmethod for
allocating radio resource, a radi o conmuni cation apparatus and a r hai AR 7005
APP, ' 005 -5 conmuni cation systemin whichsthe above-nentioned problens are
elimnated. A nore specific object of the present invention is to provide
the nethod for allocating 5 radio resource, the radi o conmuni cati on appar at us

and the radi o e cation system wWhi Ghnitdie tHTbeso@é-nbgEMbRALS or
communi cati on connections satisfyin respective required qualities can be
i ncreased. .The Patove bbj etts® Fmgﬁg Fesent invention 10 are achieved by a
met hod for allocating radi @ meesousgect dicadbyeteér mifnalhse grresormuni cati on

connect i ons i n /Al £, OITUNLCALLAN Y ShEMdL phi ch, pagh, of . Lhier adi o

term nal s or communi cation congectlons requires a different co ni cation
15 quality, >t hé&aeithotE § et &8 n§Ehé LSS B2 6o 1| BRPAFEAYFi A& gr oup
i ncl udi ng radi aHeridded ScOhmu € @RERAICEAlE YA LONNECE 0Se | Aurmbkehoact ual
conmuni cati on qggl%ﬂiggsare de radedannkp QQ?” required ggnuunication
qualities, and & <<Edohd® gtbup® 20U AEPIdioNy TR ter ™ naf 5 8 Y¢8fnuni cati on
connecti ons i n nactr Acteateconmani cakilomt iuraldarn ese aneréavedabl e nore than

requi red conmuni cation qu@géiégﬁvénggfggtglg@cgggn%ggy%gguﬁﬁbé@§ggﬁce to
the radio term nals or conmmunication connections 1n 25 the first group with
hi gher prib?it#achatiheveddPy 2t BRARA <% dorffimica®i bA%éBnnections in the

second (group. resource to radio terminals or communication

connections in a radio communication system in which
each of the radio terminals or communication
connactions reguires a different communication

15 gquality, the method including the steps of: (&)
retrieving a first group including radic terminals or
communication connections in which actual
communication gualities are degraded more than
required communication gualities, and a second group

20 including radio terminals or communication
connections in which actual communication qualities
are favorable more than regquired communication
gualities; and {(b) alloccating the radioc resource to
the radic terminals or communication connections in

25 the first group with higher pricoritv than the radio
terminals or communication connections in the second
group.

According to the present invention,

instead of conventionally allocating the radio

30 resource based on only the actual communication
gqualities without considering the required
communication qualities by the radio terminals or
communication connections, the radio resource 1is
allocated to the radio terminals or communication

35 connections in which the actual communication
qualities are degraded more than the reguired

gqualities, with higher priority than the radio



According to the present invention, instead of conventionally allocating the
radi o 30 resource based on only the actual conmunication qualities wthout

considering the required comrunication qualities by the radio terqinﬁh
I adi

conmuni cati on

termnals or communi cati on 35 connections_én whi ch t he actual

qualities are

priority than the radio 1 - APR 2005 term nals or comuni cati on connections

in which the
requi red qual
communi cati on

connections, the radio resource is allocated to the

degraded nore than the required qualities, with higher

s _or
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di vi si on- mit t i fleladdess net Hod, T8FLPr ARSAUEF T RVFNENPERELOGF the radio
base station okohhedadias &eff Rabs=rThe ;abaue, objrect s-0fi 4 he=prasent

ti me-division
frequency- di vi

in

invention are achieved by a radio connunica%bgn aQParat s.;g% 15 all ocating
S

radi o resource 8 Padiv'e ertinaf s°6r 1 c ST

it orP t dAhett

d9r= T adio

communi cat i on meysioeim iThawi cégeachyobatnhle imadirederme nwall svos 1 ocenmuni cati on
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conmuni cati on

20 apparatus inc

irst retrieving part retrieving a

first group i n€fudisae Y ath o- et fi aarsser meddmtniTat FoRreBhREEE ons i n which
actual comunicatbiton yadvw4t esratRedegradedamy & dd@ionregquched radio -

‘conmuni cati on
communi cati on

20

30

gu%%#thgi and a second group 25 including radio term nals or

e AJ_rlat . . . . . . .
connections in which actual comrunication qualities
The above cobjscts of the present invention

are achieved by a radio communication apparatus for
allocating radio resource to radio terminals or
communication connections in a radio communication
system in which eacn oI the radio terminals or
communication connections requires a different
communication guality, the radioc communication
apparatus including: a first retrieving part
retrieving a first group including radio terminals or
communication connections in which actual
communication gualities are degraded more than
required communication gualities, and a second group
including radio terminals ¢r communication
connections in which actual communication qualities
are favorable more than required communication
qualities; and a first allocating part allocating the
radio resource to the radio terminals or
communication connections in the first group with
higher priority than the radio terminals or
communication connections in the second group.
According to the present invention, it is
possible to provide the radic communication apparatus
that 1s suitable for the above-described method for
allocating radio resource to radio terminals or

communication connections.



are favorable nore than required communication qualities; and a first
allocating part allocating the radio resource to the radio termnals or
comuni cati on connections in the first group with higher prlorlty A@gg

radio term nals or comunication connections in the second group. Wﬁlng
to the present invention, it is possible 1o provide the radi o communication
apparatus 35 that is suitable for the above-described nethod for allocating
radio resource to radio termnals or conmunication connections. | - APR 2005

-7 The above objects of the kﬁggﬁﬁgu |§y?g£t9no,aggeaggb§%%q Q§N§359959

conmuni cati on system which | ocates radio resource tfor a ra

comuni cat i on, 3%the GaE 6eE oRHuAI EAERLEN CHFETEM G aich AUdi TS BEF adhé cb

conmmuni cati on appaycdiss angdr adiresberdendlcs; avvrtezr@m c&@athn of athenradi o
termnal s inclqgfs alr eqU|r|ng Ear; re U|rup q%c{erent CO%EUHIC&tIOﬂ
quality to the “Tadit conmifiica F%hlgystéﬁﬁf : éé HH o t P Hal or
comuni cat i n comrection; i @ndaphereadiso acommad icattiom Itz bppawatws imcl udi ng
a first retrieyng RaFtepdetrheyi egralfnl N lg{cql{mégm.{ L@é@@ﬁag{go L.§/m nal s

or communi cation connections in which actual comunication ties are
degr aded nore F@ﬁ?l?f&ﬁu#e@lEeﬁﬁﬁﬁFc&Pm&¥Qnﬁﬂq%QQﬁﬂu%ﬁkF%.E@céﬁ@ group 15
i ncl udi ng radi @ adargm d@hsuel c §OMPHNEEatisan £ xonneat | 2Nsid ntahinchaactaua

comruni cati on qyalltles are fgxggggh%nnorech§p re |red conHunlgatlon
qualities; and“a FitTst art¥earP g part allocatlng‘t “1éS6urcd to the
radi o ternial @pmazzeotmnxm@l@éwgn gofnectt Gfrﬁst—ﬂrﬁ‘tmmist group with
hi gher prioritydhan i rédforggrﬁkaﬁbsﬂ%bli&¥ﬁ8”¥é&ﬁdOﬁeGQnHEQ%' in the

second group. Accordlng o0 the present |nventhn11|t S p055|ble to prOV|de
the radi o conm®FiEHs bre siRt epphnections in which actual

communication gualities are degraded more than
regquired communication gualities, and a second group

15 including radio terminals or communication
connections in which actual communication gualities
are favorable more than regquired communication
gualities; and a first alloceating part allocating the
radio resource to the radio terminals or

20 communication connections in the first group with
higher priority than the radio terminals or
communication connections 1in the sscond group.

According to the present invention, 1t 1is

possible to provide the radio communication system

25 that i1s suitable for the above-described method for
allocating radio resource to radio terminals or

communication connections.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Other objects, features and advantages of

the present invention will become more apparent from
the following detailed description when read in
conjunction with the accompanying drawings, in which:
FIG.l i1s a diagram showing a relationship
35 between a reference valus and an actual value in a
case in which a conventional radio communication

system unitary determines a reference value of



25 that is suitable for the above-described nmethod for allocating radio

resource to radio termnals or comunication connections. BRI EF DESCRI PTI ON
OF THE DRAW NGS 32 O her objects, features and advantages of the p T?

invention will become nore apparent from the follow ng detailed de Agtzﬂﬂén
when read in conjunction with the accorrpggyi ng drawings, in which: FIG1 is
a diagramshowing a relationship 35 between a reference value and an act ual
value in a case in which a conventional radio communication systemunitary

determ nes a refd %“e&”zceed V@%Hﬁﬁﬁt %m oép%d?ago&v 8: PqQMeQeERTHﬂ' cat I on

quality for all rmnal s rams owm ng a rel atlonshlp bet ween
the required comuni cation fiald tys afhddaégﬁaﬂ sEEFRNY catdi ok guanFhybin a

case in which m&ﬂ ef Bt nak Lndicw Mﬁd%f@ﬂuw@sqaamewsaﬁrdy actual
conmuni cation qualit FIG3 is 3 di a am show ng%bam c._ configuration of a

radi o conmuni catd"BHsysE BhPT aBBPy ity |ao G%¥our ce"aFFBcafihly met hod and a
radi o 10 codmuniscatironl appatat dsaddgortiong tos theneabedamgnt of the present

invention; FIG c I howi ng a radio base station applying
the radio comm;}llr[{cng‘%r?lo%e !§n bgtg&?pgicor ding to the enbodi nent of the present

15 invention; FIG5 is a fIFd\Ech%r%Sf@rdE%gFéPmSﬁ@thH@ Frli @ resource

al l ocating procz—,eﬁsclweaiw@nr@eunar Q@dl@udﬁdr&%@fcﬁﬁcbnogvgﬁgmr adio termnals
or conmmuni cati on conhecti o S ;& fl omchart pl ai ni n first

radi o resour ce &9 ocHt9 n@agr8c€§§ouﬁc§ 1%0v © Gt eI of © Ef’ﬁafi éjor?m,ﬁﬁcgjacfl on

qual i ties; 1¥Fl Geprnimurai ¢4 oichaepprhoretexplagianmii @y to the embodiment
of the present invention;

FIG.4 1is a block diagram showing a radio
base station applying the radio communication
apparatus according to the embodiment of the present

15 invention;

FIG.5 1s a flowchart for explaining the
radio resource allocating process based on required
guality of each of the radic terminals or
communication connections;

20 FIG.6 1s a flowchart for explaining a
first radio resource allocating process in a low
order of actual communication gualities;

FIG.7 1is a flowchart for explaining a
second radio resource allocating process for

25 allocating the radio rescurce to unsatisfied radio
terminals or communication connections in a
descending order of differences between the required
gqualities and the actual communication qualities;

FIG.B8 is a flowchart for explaining a

30 " third radio resource allocating process for
allocating the radio resource to satisfied radio
terminals or communication connections in an
ascending order cof a difference between the reqguired
gquality and the actual communication guality;

35 FIG.2 is a flowchart for explaining a
fourth radio rescurce allocating process for

allocating the radic resource to the unsatisfied



second radi o resource allocating process for 25 allocating the radi o resource
to unsatisfied radio termnals or conmunication connections in a ¢esgpangiing
order of differences between the required qualities and the actual

conmmuni cation qualities; FIGS is a flowhart for explaining a 33 third radio
resource allocating process for allocating the radio resource to satisfied
radio termnals or comruni cation connections in an ascending order of a

di fference between the required quality and the actual conmunication

quality; 35 Fl Gy @ fhovwehart -f ebraxpliaiatiing aod ot horadig nesource
al I ocating process for, allg%atlngn%he radi o resource to the unsatisfied 1 -

APR 2005 -9 radict 38T HAl ITOF © cBminPEFPHR TCoiheéti9ons ?h &A% descendi ng
order of a degradatdlorcctegreecotibvheguadtiual womhmioatw Ore qualiefly ttya t he

required quality; FIG10 isq ﬁhpwﬁ$a{tf{5whg§pkakggngx 1afifdhradio
resource allocating process for ~allocating the radio resource to the

satisfied radi ¢1fter marhis brsebrAEnRéarican iEchmectidns fvran  ascendi ng
order of a favanable degs eenof rhhecactual, -ceommnicatd on guakit yata o he
required quality; 10 EIG.;ﬂis a flowchart for explaining a sixth radio
resource al | ocatimiy Broteds FARG Base AT W 1Tyt etired radio

termnals or ecevamlicat i@deonnécti dasoand lqualddneaot regai eeduarladi o

termnals or c ] 'ﬁgﬂé{ngOﬁgggEEQn%oaﬁgel§}¥gﬁ§%§fé€y%fpgysane radi o base

station: 71G 12 is a diagra showi ng an allowab I'me” and an actua

delay timetfor each radio Ftérnihals ih blease2Fh WAFcR*PHe ireqid red quality

is the all owabli& el td Me2s20rEkGal3cics ta ndi agfcada showh Nng aastkatie

diStinQUiShing&ﬁ%gé)%fgfqéguéegﬂgge%aEg%ﬂ% %@%minals or
communication connections and quality-not-reguired
radio terminals or communication connections are

15 managsd by the same radio base station:

FIG.12 is a diagram showing an allowable
delay time and anr actual delay time for each radio
terminal in a case in which the required quality 1is
the allowable delay *time.

20 FIG.13 1s a diagram showing a state
distinguishing radio terminals that satisfy the
required qualities and that do not satisfy the
required qualities in FIG.10;

FIG.14 1s a diagram showing a reguired

25 throughput and an actual throughput for each radio
terminal in a case in which the required quality is a
throughput; and

FIG.15 is a diagram showing a state
distinguishing radic terminals that satisfv the

30 required qualities and that do not satisfy the

requirsd gqualities in FIG.12.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment according to the present
35 invention will now be described with reference to
figures. FIG.3 is a diagram showing basic

configuration of the radio communication system



required qualities and that do not satisfy the required qualities in FIG 10;
FIG 14 is a diagramshowing a required 25 throughput and an actual 1- APR 2004
throughput for each radio terminal in a case in which the required quality
is a throughput; and FIG 15 is a diagram showi ng a state distinguishing
radio termnals that satisfy the 30 requiped qualities and that do not
satisfy the required qualities in FIG 12. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS An enbodi ment according to .he present 35 invention will now be

descri bed wi t hafigrianceio hagyr @8 5 oFlGe3 419 - i Bgs e shewi Bgsbasi ¢
configuration of the radi o conmunication s¥§ten11 -  APR 20Plh -10 appl ying
the radio resodPée CalTBEELT hg® rePRodPRAd & 5 &di P ThMeinr2at"6n appar at us

according to tkeboenbediment ofet heepresenmvienveiinon. In FIG 3, one radio
base station 1 nmanages 5 %np%quhityagg f§9i9 Eggglga fgh @q%aggg@gd 40.

That is, all of the pIurallt% radio termn
conmuni cat € t hé e ¥ladiv P séagﬁatﬁéﬁmlf%%ﬁjk%e %%d|%0ba§é 4fation 1

al l ocates the rmadito : § eSOUI CO£ SHER B3 uaatli: iy $ﬂptrddﬂwd§| perdiMhsison 010

mul ti pl e access nethod, guency .band in uency: di vi si on- nultl
access net hod, D% % %ﬂ@mPﬁLES&g 5?V3§“Hﬂ3 %f%l@a3808§§tlﬁ§¥hod
transmtted eIQCBMd:qhwwma@iOthesaadm@tba$elsﬁkmamnmésotheheadaalo

termnals 10 thy %%%r}cﬁéois@éh 215, 1 kk&e K05 tealqh Ofnd hg: 4}@9&3 ntermnals 10

t hrough 40 or each communi caton connection between the ra base station
1 and the Yadi &Ytlérim fal 2 AD5 ¢ hP8GHRI4023 FF UG TEY fioRnéxafipl e, the radio
termnal 10 receies dyeges dat anfFrometibe enadic- hasenstabiional 20 and the

radio terninal&%%gufﬁ§n1tgdgigguégdgag%vision—multiple—access
method, transmitted electric power of the radio base
station 1 or the radio terminals 10 through 40, or a
15 like, for each of the radio terminals 10 through 40
or each communication connection between the radio
base station 1 and the radio terminals 10 through 40.
In FIG.3, for example, the radio terminal
10 receives image data from the radio base station 1
20 and the radio terminal 20 transmits picture data
taken with a camera. Also, the terminal 30 transmits
data by a personal computer and the terminal 40
conducts voice communications with another radio
terminal located in a remote area. When the radioc
25 communication system is such a system for multimedia
communications, each of the radio terminals 10
through 40 or each communication connection reguires
a different communication guality (reguired gquality).
In addition, the radio base station 1
30 includes buffers 11, 21, 31 and 41 for the number of
the radio terminals 10 through 40 that are to be
connected to the radio base station 1. The buffer 11
stores packets to transmit to the radio terminal 10.
Similarly, the buffers 21 through 41 store packets to
35 transmit to the radio terminals 20 through 40,
respectively. On the other hand, each of the radio

terminals 10 through 40 are provided with buffers 12,



taken with a canera. Also, the termnal 30 transmts data by a personal
conputer and the termnal 40 conducts voi ce conmuni cati ons wi th anot her
radio termnal located in a renote area. Wen the radi o 25 conmuni qa_t anﬂﬂﬁ
systemis such a systemfor nmultinmedia comunications, each of the radio
termnals 10 through 40 or each communication connection requires a

di fferent conmunication quality (required quality). In addition, the radio
base station 1 30 includes buffers 11, 21, 31 and 41 for the nunber of the

radio term nal $,10 {hrough: 40 fhat-are. Lo bercannpat gd.to-thepadi o base
station 1. The buffer 11 stores Backets tyo transmt to the radio term nal
10.  Similarly RSB fie? s 21 TArotgh2aE St6r e Packets to 35 transmit to the

radio term nals 20 t hroughF4@,. 4 riespedilivet ydifnrhhesabhendantd eatghoof the

radio termnals 10 thr.ou 4 e_proyided w t er 2, .1 - APR 2005 -11
22, 32 and 42, br%essepes'c ait\?lec%),a?%?&?%?eg}égckgtd\got g?o ‘rJannlsgr;?%l?% the radi o base
station 1. ¥l Ga¥hasatusd oekedf Agranmtghéwen§mbvel imsdito © baske spatisem tappl yi ng

the radi o communicatdQh 5 ampagr@yscaag@prQﬁ@grggu&@%dewi@tf9£ the _
present invention. In this case, the re wr@dtce]%allt%/ or each of the radio
n

termnals 10 t RAGUGIP M0-57 B3Eh® EBRItGARCAL i et i oh P5 8ACAI | owabl e

delay tine, achmansnicsiomm rabeneatthnoughput adrl cavds ke. débadOtamder to

determ ne a pri.ord der. for_radio uree allocati t he.radi o base
station 1 exegutteéaynf%glg?rr%ﬁ(gr#catrgh augﬁ??ygng)élg“]uﬁ‘nag pg$}§8106I£and t hen the

comruni cat+on QEAS1 y-IredstR Fhghpart PIOE T IfFasuces tiHer coafifi cation quality

for each of theclhumdi aatesdinabs, 10nthradgh 4Q.@r £Lachi s@MIuNi cation
connection at that tine based on.informati oq.sc%_nt froma receLv?rO6102 or a

transnitter 10F*“AME the” CORMInFearion aarity G&sUr1ng part
and then the communication qguality msasuring part 106

measures the communication guality for each of the
15 radio terminals 10 through 40 or each communication
connection at that time based on information sent
from a receiver 102 or a transmitter 104.
After the communication guality is
measured, the radio base station 1 executes a
20 resource allocation priority crdering part 108 and
then the resource allocation priority ordering part
108 determines the priority order for the radio
resource allocation by a method that will be
described later, based on a measured communication
25 guality and the reguired quality reported from each
of the radio terminals 10 through 40 or each
communication connection beforehand. Subsequently, a
resource allocating part 110 allocates the radio
resource for each of the radio terminals 10 through
30 40 or each communication connection based on the
priority order determined by the resource allocation
priority ordering part 108 and then data is received
and transmitted.
FIG.5 1s a flowchart for explaining the
35 radio resource allocating process basad on the
required quglity of each of the radio terminals 10

through 40 or each communication connection. The



measured, the radio base station 1 executes a 20 resource allocation priority
ordering part 108 and then the resource allocation priority ordering part
108 determnes the priority order for the radio resource allocatinApy2084
method that will be described |ater, based on a neasured comuni cation 25
quality and the required quality reported fromeach of the radio term nals
10 through 40 or each comrunication connection beforehand. Subsequently, a
resource allocating part 110 allocates the radio resource for each of the
radio termnals 10 through 30 40 or each comruni cati on connecti on based on
the priority ordesoweterai hedabyorherriesource adéocayi partplidérity ordering

part 108 and t heg. dat;fs.r egel ved .and I ransidded 1fl Gh8olsna dd quehart for

expl ai ni ng the radi o resource allocating process base t he reqU|red
qual ity of each ®f! tHe Tkt 65t eFi AEFS TG 1A JUyht BB 0P e @ muni cati on

connection. The derudPR-2RAASNEES8UBEE qalal1aeat | O P& FOELT ¥ner degung part 108
determ nes for all fadIO ternlgﬁh? 10 through 40 or all conmunication
ua

connect i ons whetH¥* brY nbt -8R communi cation quality satisfies the
required quality (step 301pfnﬁﬂeﬂhiiﬂ@ederminbmmdmnpqanEss thde resource

al l ocation prlorg gbﬁgégﬁépgoggggogog égﬁggﬁfyﬂp e}pgﬂféggglﬁﬁgorder Sso as to

allocate the radio resource to unsa adi 0 ter S Or conmuni cation
connections, whidHt&IgnHets shEfsPyioFédyetidfsr requi ¥ eliogaall PERES, thisth hi gher

priorities thansatd sfdeshradi eot ehgbralssi@d sLaécwf)i edrmeaEMYNicGati on
connections, which satlsf% afectlv reqU|red qualities, Flr? , the radio
37w P Wt@ &d

resource al | ocatd Wy ptoe Hngcﬁﬁﬁﬁgr pri’or 4T 3RJAE for the
unsatisfied ramnﬁiﬂﬂqmlwﬁSIQQUiC@dWHan&mMﬁS£0ﬂh€@th@gheéspepOSOZﬁﬁSNbxt,

it is than satisfied radio terminals or satisfied
communication connections, which satisfy respective
required gualities. First, the radio rescurce
allocating process with a higher priority is
conducted for the unsatisfied radio terminals or
communication connections (step 302). Next, it is
determined whether or not the radio resource 1is
remaining (step 303). When the radio resource 1is
remaining, the radio resource allocating process is
conducted for the satisfied radio terminals or
communication connecticns {step 304).

As described above, since the radio
resource allocating process considering the reguired
quality is conducted, the radio resource is allocated
to the unsatisfied radio terminals or communication
connections with higher priority even i1f the actual
communication qualities thereof are better then that
of the satisfied radio terminels or the satisfied
communication connections.

There are varicus methods for determining
the priority order for the radio resource allocation
in the radio resource allocating process for the
unsatisfied radio terminals or communication
connections (step 302) shown in FIG.5 and another
radioc resource allocating process for the satisfied

radio terminals or the satisfied communication



determ ned whether or not the radio resource is remining (step 303). Wen
the radio resource is renmaining, the radio resource allocating process is
conducted for the satisfied radio termnals or conmunication connecfli-off§ 2005
(step 304). As described above, since the radio resource allocating process
considering the required quality is conducted, the radio resource is
allocated to the unsatisfied radio term nals or comuni cation connections
with higher priority even if the actual comunication qualities thereof are
better then that of the satisfied radio ttermnals or the satisfied

communi cation connections. There are various nethods for determning the
priority order for the radio resource allocation_ in the radio_resource

al | ocating proct¥§Yriqhie (hi&ati%i 84°WRILB FePnrnaPetdt 18 orhuni cation
connections (stpe Ihatrowililn fdwGhe dedcatbtlewithadédberesosiree al | ocati ng

process for the St j ] pa h at jsfied communi cation 13
connecti ons (st%%a%gﬁ#Hgﬂéﬁk%ﬁkqﬁ%%?g{%Dg?g?PghoFIéf%g'npthods wi Il now be
described with reference td G fovchar fdo¥RBARTI AOFI EXBLaRRHYGR FI G 10. FIG 6
is a flowhart fidrstexpddidingaurdd rdtlocadiagr psovese ahl oeatidg process in

the |ow order gé%éxctépla&q{gﬁp@o%%%a@i%hi &L??itf%é?tgﬂ:?@ ﬁ?éo‘”ce

all ocation priority ordering part 3 sorts “all radio termhal's or al

communi cati on CORFREETDO L 1 QG Wo DFFOTSAYi SFicFeBperrvel PRgEPFEW qual ities
in the | ow orderl ofad e tagtmialalcomripilgatbpRubiiaht tbBScohséePidid). A sorted

order becomes tfie, prioridy ordere, ol e nadi o resounce allocalign. Wen the
priority order O he” radi o TtTesource~allocati off is determ ned; e resource

al | ocating partthaOleretardimes et hettved gommuhacatianodvebbuie® is
remai ning (step(4dd) .a0Men A > rted order becomes the priority order

of the radio resource allocation.

When the priority order of the radio
resource allocation is determined, the resource
allocating part 110 determines whether or not the
radio resource is remaining (step 402). When the
radio resource is remaining, the remained radio
resource is allocated to the unsatisfied radio
terminals or communication connections (step 403).

On the other hand, when the radio resource is not
remained, the first radio resource allocating
process is terminated.

The determination process for determining
whether or not the radio resource is remaining (step
402) and the radio resource allocating process (step
403) are repeated until the radio resource is
allocated to all unsatisfied radio terminals or all
unsatisfied communication connection that do not
satisfy respective required quality, or until there is
no radio resource available to allocate. Thus, by
allocating radio resource in the low order of the
actual communication quality, it is possible to
improve greatly degraded communication qualities with
higher priority.

In FIG.6, the case of allocating the radio
resource to the unsatisfied radio terminals and the

unsatisfied communication connections is described.



radio resource is remaining, the remained radio resource is allocated to the
unsatisfied radio termnals or conmunication connections (step 40éT APRQAADt he
ot her hand, when the radio resource is not remained, the first radio
resource allocating process is termnated. The deternination process for
determ ning whether or not the radio resqurce is remaining (step 402) and
the radio resource allocating process (step 403) are repeated until the
radio resource is allocated to all unsatisfied radio termnals or al
unsatisfied co cafion _cgnnectiqn that.do ggtal?g%%§gg Lespective required
quality, or until there is no radi 0 resource aval e to allocate. Thus, by
al | ocating radisc tesbiréersfirhéclrawreriderc of tipesasésdakdcomuni cati on

quality, it is Rogsidl €tooni PRLEYR tarReat | y degraded conmmuni cation qualities
with higher priority. In FI.G 6, the caﬁe of all ocating the radio resource

to the unsatisfied radio té&r nals® and™ +RECPardattios iSP Gt cati on
connecti onssi s sesatd beddid feABBrZQoai;btd%fmg theceradi doresource can be
allocated to t ﬁé 1§£¢egnéaggg erinal,s. or. 5h§h§agh§gL§gr,%§pnunication
connecti ons. | owchart for explaining a 5 secon I 0 resource
al l ocating pr ocfe?§%~C’r orer@inaéat Pag WW%%t¥@%OG@@éeFélPﬁé disat i sfied

radi o term nal $0fcCOMMURI 6akEON cGORNETH oNScd ) Betfleseendiangefdere Of
di fferences betvveq1 t he reqalr d qpalltles and. t he.actual _conmuni cati on

qualities. 10 F¥5t: the $ESourte a1 6cati VW B oF FE§ oRd8A g SFart 108
sorts all hhsamrﬁawmit@@lDesepmnﬁamihwcaixnnnmrcatLOM coneedtigonsmatn t he

descendi ng ordqm EfueéliodﬁﬂﬁLle%)‘U A yal ue .t hat _dedycted the actual
conmuni cati on qu Tomthe required
communlcatlon LODDeCthHS in the descending order

(greater to smaller) of a valus that deducted the

actual communication quality from the required

|
(&)

guality (step 501). The sorted order pecomes the
priority order of the radio rssource allocation.

When the priority order of the radio
resource allocation is determined, the resource
allocating part 110 determines whether or not the
20 radio resource 1is remaining (step 502). When the

radio rescurce 1s remaining, the remained radio
resource is allocated to the unsatisfied radio
terminals or communication connections (step 503).
On the other hand, when the radio resource is not
25 remained, the second radio resource allocating
process 1s terminated. Thus, by allocating the radio
resource in the descending order of the wvalue that
deducted the actual communication quality from the
required guality, it is possible to improve greatly
30 degraded communication gqualities with higher priority.
For example, it 1s assumed that the
communication quality 1s shown by the delay time at a
transmission and the required gualities of the radio
terminals or the communication connections are shown
35 by an allowable delay time. Also, it is assumed that
there are a radio terminal A having the allowable

delayv time 1 and actual delay time 3 and a radio



15 quality (step 501) . The sorted order becones the priority order of the
radi o resource allocation. Wen the priority order of .he radio r eSoUnR 69115
allocation is determ ned, the resource allocating part 11C determ nes

whet her or not the 20 radio resource is remaining (step 502) Wien the radio
resource is remaining, the remained radio resource is allocated to the
unsatisfied radio termnals or conmunication connections (step 503). On the
ot her hand, when the radio resource is not 25 renained, the second radio
resource allocating process is term nated;. Thus, by allocating the radio
resource in the descending order of the value that deducted the actual
comuni cation quality fromthe required quality, it is possible to inprove
greatly 30 degrttedircomBifiacationhguallilbweblei dhlhyghenepdiandty. For
exanple, it is assuedidhal die 4comm@bga&hgnteuehétyaa§oslh@gwumethe del ay

time at a transm ssion and the required ities of the radio termnals or
the conmuni cat i HhtLTHIEE iMHOG-e SIRGEN 23 eB9Yaﬁlﬁ?l6%55?56%%?d95t|ne. Al so,
it is assuned ttlat radﬂﬁeteﬂminmlradb@tweenlnhb Albhavabpet ielay | olwbl e  del ay

time 1 and actugly dﬁl@yaée %]C} 3efn%da9| %%éaES{»”%Hé‘ﬁ @nQ@"éf‘?%e I‘6adl o

al | owabl e delay tine actu % . According to
resource al | ocERGify trﬁa‘i“ﬁd}f‘ 4 fvena idelhy BFRB2Yi AELRBNEETDIOT tHE r adi o
term nal A bet weeiid heemtimiall 6 sdaloayelri fRanabttat hef acheatadixbay tine is

greater than that,of,bhe, ragl g lauial,.Beeved Liybbe:agtugl el ay tine of

the radio termna i s longer than that o radi o ermnal A the radio
resource is aJI%ﬁQﬂQHFQQW%QRQ A aitS CAPRPRaPTACHEEY- hi gher priority. On the
other hand, FIG 8 is a flowshaHe dtberexphai nFng.a i8isdficedtaresource

al locating progess.fior aldeeal i the hadi 0 LERPULCE11QcdPigag Sat i sfied radio

process for allocatlng the radio resource to the
gsatisfied radio terminals or communication connections
in an ascending order of a difference between the
required quality and the actual communication quality.
First, the resource allocation priority ordering part
108 sorts all satisfied radio terminals or
communication connections in the ascending order
(smaller to greater) of a value that deducted the
actual communication quality from the required quality
(step 601). The sorted order becomes the priority
order of the radio resource allocation. When the
priority order of the radio resource allocation is
determined, the resource allocating part 110
determines whether or not the radio resource is
remaining (step 602). When the radio resource is
remaining, the remained radic resource is allocated toc
the satisfied radio terminals or communication
connections {step 603). On the other hand, when the
radio rescurce is not remained, the third radio
resource allocating process is terminated.

In the satisfied radio terminals or
communication connections that satisfy relative
required qualities, when the difference between the

required quality and the actual communication quality



in an ascending order of a difference between the required quality and the
actual communication quality. First, the resource allocation priofitapg 2005
ordering part 108 sorts all satisfi ed radio terminals or comunic¢ation
connections in the ascending order (snaller to greater) of a value that
deducted the actual conmmunication quality fromthe required quality (step
601). The sorted order becones the priority order of the radio resource
al l ocation. When the priority order of the radio resource allocation is

determined, the Jfesaurce, allg%agb@ga@a LQ,; det ecgrt;n §lwiegtlagé Qr, not the

radio resource is remainin 602 en t“he radi o resourc
remai ni ng, the dearrdRd #%@F othé§oﬁﬁ@e r|e§%q%%£%l%%y ‘t’héhsaﬁé@fl ed radio

termnals or comyyicatiop. Wﬁ&i@@§y(359pa6(i@:at@hd henothesihand, when
the radio resource is not renai ned, di o . resource allocating

process is termiTTatEd:® 11 t heSsaf F?f“dé&gr é?(fl rt ertfitat 8% oF° BbRMifiTcat i on
connections>t hatf ddtd sfyf fetatcvebertegeirr ethequalauies] ghehitheaddf f erence

between the 1 ea Led unl LixnndcLhe Actiuah ammuni cal ! g, guhLl ol - APR

2005 -15 is smal actual comuni cation dquall egraded | ess
t han t he requi rfé‘di‘-mfalé} tRr WP hi g opossidHad ing t&t@:o@@m%gwcaﬁy%}l | ocati ng

the radio reseurge i tdes agp;@ﬂdltag ekden (sl Lrite. greater) 5 of the
di fference between the rqul oiual i tgjoand]i]?ir?e act ual .cammuni cati on
e uc

quality, it is possible to* DAb Eof 8@8#5(:11%9”? He
comuni cati®dn Ioualtiit yrddss rehanutrhe laéqulcraadrtgjajmcyesfl 39 is a flowhart

for explaining.g, 0 fquth,Ladhg; Ee§%‘éro%%d%] 'L%C%H@%IPIQC%S kgr allocating

the radio resource to the unsatisfied radio termnals or conmunication
connections i n @ L UsTENH RS of HeF OB UR 1¢edriadatd U eekt €8S of Nt RS

descending order of a degradation degree of the
actual communication guality to the required guality.

15 First, the resource allocation priority ordering part
108 sorts all unsatisfised radio terminals or
communication connections in the descending order
(greater to smaller) of a value that deducted the
actual communication gquality from the required

20 gquality and divided by the reguired quality (step
701). The sorted order becomes the priority order of
the radio resource allocation.

When the priority order of the radio
resource allocation is determined, the resource

23 allocating part 110 determines whether or not the
radio resource is remaining (step 702). When the
radio resource is remaining, the remained radio
resource 1is allocated to the unsatisfied radio
terminals or communication connections (step 703).

30 On the other hand, when the radic resource 1s not
remained, the fourth radio resource allocating
process 1s terminated. Accordingly, by allocating
the radio resource in the descending order (greater
to smaller) of the value that deducted the actual

35 communication guality from the required quality and
divided by the required quality.

For example, it 1s assumed that there are



actual conmmunication quality to the required quality. 15 First, the -rgsoyjce
allocation priority ordering part 108 sorts all unsatisfied radio termnals
or comruni cation connections in the descending order (greater to smaller)
of a value that deducted the actual comunication quality fromthe required
20 quality and divided by the required qualjty (step 701). The sorted order
becones the priority order of the radio resource allocation. Wen the
priority order of the radio resource allocation is determ ned, the resource

25 allocating pad J1J10Q:deternings vhetfer~Qor-not 1t hg Ladio JLSOMr£enkS
remaining (step 702). VWen the radio resource is remaining, the I’EITB.I ned

radi o resourcet | 74 Iddi:fd%%]d ({{%l?ﬁet&ﬁ?atl sPPEd TEdiTT R 1 FRE§ 24y B
conmruni cat i on connecy i ons &steparld) .dBantithe othéer handacwhen the radio

resource is notde%aemﬂggblwﬁl fou E@Orr%tq_h% reso%gerg&lggg%ng%he Jrocess is

term nated. Accor oca radi o T esourc “descendi ng
order (greaber alt@%@ﬁhﬂ@rwe@floﬂhéhpa{fuelft hatG dedudtéd =trive et Uz t88en

conmmuni cation q,uaél:té/q&{@@at haanequi red gdadbty apda,dirvided Dystheerequired
quality. For exar@ it is assunmed that themare 1 - APR 2065 17 the radi o

termnal A havitig-the QFfdRablt® ddiPay~ 13 mes ARG aEtas qdléiﬁytﬁf nef2 and the
radi o term nal tBhe hawrmgnthe al bowalll exdel By dridre2d008eand actual delay time

1020 . Accordi p:\g/l\-;esteé) ;€§V£§ io_resqurce ISa,aJ(J)$C%| Eﬁgr%%@{%q,se@m in FIG9,

di fferences be quired qualit | Owa time) and the
actual del &y tlwkla‘é%%éloéoﬁﬁﬁmt@aﬁmlo’rﬁ abiayy Bfafﬁhéotoer Mina’siAZand R

are 1 and 20 [sgeg]. r"%&%déﬁe{:Yy,alﬁﬂet h@@_rcatﬁéﬁoﬁ@céhesrgwbrﬁeté&
qualities of t et als. A ?nq\ Wlacre 10%[%16‘”(1 2 [9A. Consequently, the

radi o resource i% & ?oc%’fedpa OriTY.
On the other hand, FIG.10 is a flowchart

for explaining a fifth radio resource allocating

15 process for allocating the radio rescource to the
satisfied radio terminals or communication
connections in an ascending order of a favorable
degree of the actual communication quality to the
required quality. In this case, the resource

20 allocation prioritv ordering part 108 sorts all
satisfied radio terminals or communication
connections in the ascending order (smaller to
greater) of a value that deducted the actual
communication guality from the required quality and

25 divided by the required quality (step 801). The
sorted order becomes the priorityv order of the radioc
resource allocation. When the priority order of the
radio resource allocation 1is determined, the resource
allocating part 110 determines whether or not the

30 radio resource is remaining (step 802). When the
radio resource 1is remaining, the remained radio
resource 1s allocated to the satisfied radio
terminals or communication connections (step 803).
On the other hand, when the radio resource is not

35 remained, the fifth radio resource allocating process
is terminated.

In the satisfied radio terminals or



to the terminal Awth high priority. On the other hand, FIG 10 is a
flowchart for explaining a fifth radio resource allocating 15 process for
allocating the radio resource to the satisfied radio ternminals or PR 7005
conmmruni cation connections in an ascending order of a favorable degreé %?
the actual communication quality to the regprred quality. In this case, the
resource 20 allocation priority ordering part 108 sorts all satisfied radio
term nal s or communi cation connections in the ascending order (snaller to

greater) of a %n%ﬁm$tg§guEB?Qegﬂ%oapst Uala ¢ cemgwfaréegeatrawy from the

required quality and 25 divid by the required quali " ). The
sorted order béﬁ%ﬁ%&r?%eq%?roFF?y od&™ of %rﬁ?Y%ﬁﬁ%l r%%%ﬁ?@eoélfdbatron

When the prioridorordesomtubbeatiadi qusasoly ce athocationrks dekeridyed, the
resource allocatin rt 1%& deternlnes whet her._ or not ihe 30 ! i 0O resource

. P S S ommuUnNlcation
is remaining (step UPadi O FESbLTTe 1 ) ?enarﬁ?n Yt 1€ r emai ned

radi o resodrc@aq¥§ﬂ¢®cheed tbanheheamaﬁuxnﬁdeauiﬂ terwlnalslgm
conmuni cati on %Qﬂﬂﬁﬁ%ipfev(5tﬁ5*§9§2n%1§h EQe 2Qtihery %QFW&%@ePa&DS radi o

resource is not 35 renmained, the fif fadi 0 resource | ocatin process is
terninated. in 5O EET sl et Padr6erEimicha <ot isma%¢¢F2695gff§t8f
conmuni cat i on eannacd | ONSFéhahcsabkestyeamespecttamgui fe@uqﬁedlquabwb es, when
t he favorabl e degree of ihe actual connunkﬁetlon uallt éqe reqU|red

. . ac nication t
quality is snaller, e actUAr e SR c &t on dﬁalr degraded | ess

than the ré@uimaﬁqnﬁuatgrvb@hihﬁgm ogosksididd ng w@eordmmgnyca@}qﬂIocatrng

the radio resQuiLe 4 thesasgendicng order: (siehler:te greater) of the

di fference between the reqU|red ualrty and the a%tual comunj catjon
quallty, |t IS pOSSIble to Howeve 1n"a case 1n w ch one radio base

station 1 manages the plurality of the radio
terminals 10 through 40, all radio terminals or

15 communication connections do not have respective
regquired gqualities. There may be some radio
terminals that do not have respective required
qualities (hereinafter called quality-not-reguired
radio terminals). A sixth radio resource allocating

20 process in this case will now be explained in
accordance with a flowchart shown in FIG.11.

In this case, the radio resource 1is
allocated to the radio terminals or communication
connections that have respective reqguired quality

25 (hereinafter called quality-required radio terminals
or communication connections) (step 901).
Subsequently, it i1s determined whether or not the
radio resource is remaining {step 902). When the
radic rescurce is remaining, the radio resource is

30 allocated to the quality-not-required radio terminals
or communication connections. That is, any one of
radio resource allocation processes shown in FIG.S5
through FIG.10 1is conducted to the guality-reguired
radio terminals or communication connactions only.

35 On the other hand, when the radio resource is not
remained, the sixth radio resource allocating process

1s terminated.



10 reduce a probability of degrading the communication quality Iesinﬁﬁgnp
required quality. However, in a case in which one radio base station

the plurality of the radio termnals 10 through 40, all radio term nals or
15 comruni cati on connections do not have respective required qualities.

There may be some radio terminals that dg,not have respective required
qualities (hereinafter called quality-not- reqU|red radio termnals) . A
sixth radio resource allocating 20 process in this case will now be expl ai ned

in accordance with a flowghart.show, in FLgélélloﬁ%fHﬂk§;9@§@es%@% radi o
resource is allocated to the radio ternlna S Or communi cation connecti ons

that have respé&Oivfe Fequitedl §OaPHey 25 J Her et raf teFmeBRlFed aue tybeequired

radi o ternlnal&adﬂbcxg@ﬁmweath@nsg@myaﬂadumy iEI@@aBQ&)Lo Subseguensly, it
is determ ned whether or not th diq resource is remalnlnﬁe ste 902) Wen
I

the radio res&ﬁﬁﬂ%q%9?eﬂhlﬁ?ﬁﬂun#ﬁéﬂ%ﬂﬂ(f%?ﬂﬁﬁﬁ%%nfs 36 4 ed to the

quality- notSre@muumbru&h@léeraﬁmalses@mnnﬁnmsu£hl®@ﬂteanectnuns. That is
any one of qla%lgfetstgetﬁsqgigogéthgﬂm&r& 5, SOOMALA; LG S -t hr ough

FIG 10 is conducte ualrty-require radi o term nal's 'or comunication
connections only. 35 On theqﬁqﬂﬁ > WHEAUERE Padios XesturRECES SEGE

remai ned, the &lsxtcibsr@dmediewwf@e alhleocald ng-Proeesscyi sstend nated. 1 --
APR 26, 05 The ra Qso rCf allogath__?1 rocesses shown in FIQ%S t hr ough
FIG 11 are terﬁi Bé “H3dio TesdurtE TR 3P Fi ER&A1 v 'l 1 ocated to
all radio l@ermWnﬂwgkgutomnuhbeaﬂﬁﬁﬁ .cofpéetiilons, crashenianvBielt i re usabl e

radi o resource s aldpcated Lesthe, nadigderm nals: Or s6QATURIGAL | 0Ny
connections. In the radio resource allocating processes as descrlbed above,

t he reqU|re qqu%)Fﬁfp%$rDuf will now be described.
In one case in which the regquired quality

is the allowable delay time, an actual delay time is

15 measured by a buffer of the sender side. In this
embodiment, a transmission delay time on a radio link
session (between one radio base station and one radio
tarminal) will be mainly exampled as the delay time.
The larger delay time, the more the communication

20 quality deteriorates. Accordingly, in FIG.3, when
the actual delayv time of the radio terminal or
communication connection 1s greater than the
allowable delay time, the radio terminal or
cormmunication connection does not satisfy the

25 required quality. Thus, in FIG.6, the radio resource
is allocated to the radio terminals or communication
connactions in the descending order of the actual
delay time with priority. In FIG.7 through FIG.10,
an absolute difference between the allowable delay

30 time and the actual delay time can be applied as the
difference between the required quality and the
actual communication guality.

That i1s, when D > Dth where Dth denotes

the allowable delay time and D denotes an average

35 actual delay time for a observation section T, the
raquired quality is not satisfied. In the first

radic resource allocating process in FIG.&, the radio



all owabl e delay tine, the transm ssion rate, the 10 throughput or the I|ike.
Details in cases in which the required quality is the allowable de!ay |mﬁ
and the throughput will now be described. In one case in which the'r qurred
quality 1is the allowable delay tine, an actual delay tine is 15 neasured by
a buffer o the sender side. In this enbaodijtent, a transnission delay tinme on
a radio link session (between one radio base station and one radio

terminal) will be mainly exanpled as the delay time. The larger delay tine,

the nore the comaicati on 20)guakilty :deterd oy @i nfcsendicnglsy tHan FI G 5,
when the actual delay tine of the radio term nal or c¢comunication

connection is grieat®t ‘?‘f"lé‘ﬁ"t héM=aP-owdBl &°GelF&F XihEF 24 e TaUPY E8rmi nal or
conmuni cati on (HlﬂFtﬁﬁtDﬂﬂgdﬁEScB@ts salt irsfgy. 1 hect2b requor edsquakist s Thus, in

FI G 6, the radi resour ce. |s dtoj radio term Is or
comruni cati on e‘lolnonceac |ons i A sgergdron‘g&or dogr of ?Jﬁeoggt ualvaldleﬁ ay time

with prioriby. IIvIRIG 7 thr ouwh ﬁpgrlb ragpoalysslanre lid f kv enterbet ween t he

al | owabl e del ay,,30-44 4re; andrhe a%ealradﬁ@yrégcr@r@@nlgea@@el:lae@das i he
di fference between t he requi red uality and the comruni cati on

quality. That i3, %%%”‘E)L@gDPH erd Bt IY Sdetfot 'é%‘thFre?BFFO\NaCBTeLH@I ay tinme
and D denotes atlaveriged, 3shaat Dak delray tHarecdqri aedbgeavativonssection T,

e oot Ul gonotsRatha el RS CifthoBUDEERANES | oo

al locating process in eraro]
in a descehdi n@ OTeRSS ointﬁéG act Gale delday tiTaeBrcenithelsecened ddio

resource all ocaatdglgc@rr@cgésokaeg @.f?,rnteh%_d'@_@[p ALsOUr cembsp al kgcated in a
descendi ng order, of an absol ute val ue Othl.. In the fourth I‘%dl o] resource

all ocating pr 5€eess Rt R Bt ﬁESPéf&r"c? Teld BFPoEated

the radio resource is allocated in an ascending orderxr
of an absolute wvalue [D-Dth|. In the fifth radioc

15 resource allocating process in FIG.10, the radio
resource is allocated in an ascending order of a
value |D~Dth|/Dth.

Alternatively, when the reguired quality
is the throughput, it 1s necessary to count an

20 information amount correctly received by a receiver
side s0 as to calculate an actual throughput. A
throughput calculating method will now be described
with computation expressions. In the following
computation expressions, an observation section T

25 [sec] for the throughput, an information amount Ic
correctly received during the observation session T,
a throughput Sth {bps] regquired by a certain radio
resource or the communication connection, and an
actual through put $§ [bps] during the observation

30 section T are used.

First, in a case in which the certain
radio terminal transmits information I during the
observation section T [sec], the throughput Sth
required by the certain radio terminal of

35 communication connection satisfies the following
computation expression:

| Sth = I/T.



a descending order of a value ID-Dthl/Dith. On the other hand, when D < Dth,
the required quality is satisfied. In the first radio resource al[ocath@*lo
process in FIG 6, the radio resource is allocated in a descendlng

the actual delay time D. In the third radio resource allocating process in
FIG 8, the radio resource is allocated in an ascending order of an absol ute
value ID-Dthl. In the fifth radio 15 resource allocating process in FIG 10,
the radio resource is allocated in an ascending order of a value
ID-Dthl/Dih. Alternatively, when the requwyed quality is the throughput, it
IS necessary to count an 20 information anmount correctly received by a
receiver side so as to calculate an actual throughput. A throughput

cal cul ating nettoat wid | tiewdsetdescriabed twirtihngdnput abhounexpr &3si ons. I n

the fol | owi ng  COMUIELION LHPANRSS PNSvedly gbéeraﬁt iRPoSREEIGN T 25 [sec] for
t he throughput, an informtion aﬁgﬁnt I ¢ correct éhrecelve d during the

observation ses%?%ﬁ?ﬁiss%PQtHQiﬁ; £ NIsthe] BRSFrYRGLPR BBy A cBrdhin radio
resource or theclomiumweatpwan connéet coherahdndn thetaatusdhr ough put S [ bps]

during the obsefyalifu®s80diQs THar %o%.SLSanE' Eé&puf:gﬁﬁoﬁase in which the

certain radio termnal transmts information during t observati on
section T [sec]®*R¥ 3 bughput Sth required by the certain radio termnal
of 35 communi cation connectsi enIsdfi.sfies the followi ng conputation

expression: Sthys d/ol ke, %ﬁ@:%&%@alz%hIBaghgét H? c&féﬁ Lo.gadi o term nal

or connunlcatlon connecti’on requires an av an In ornatlon
transm ssi on ratee cﬂﬁwqﬁftQﬁaRﬂﬂ§§F@aFP6ﬁe§ééYlBﬁcqléﬁd {RelRArdughidut . On the
ot her hand, theciagd ust the observation section T. The lower the

throughput, the more the communication quality
degrades. Accordingly, in FIG.5, when the actual
throcughput of the radioc terminal or communication
connection is lower than the required throughput, the
radio terminal or communication connection does not
satisfy the required quality. In FIG.6, the priority
of the radic resource is determined in the ascending
order of the actual throughput. In FIG.7 through
FIG.10, an absolute difference between the required
throughput and the actual throughput can be applied as
the difference between the required quality and the
actual communication quality.

That is, when S < Sth, the required quality
is not satisfied. In this case, in the second radio
resource allocating process in FIG.7, the radio
resource 1s allocated in a descending order of an
absclute value|Sth-S|. In the fourth radio resource
allocating process in FIG.9, the radioc resource is
allocated in a descending order of a valuelSth—S'/Sth.
On the other hand, when S>Sth, the required quality is
satisfied. In the first radio resource allocating
process in FIG.6, the radioc resource is allocated in
an ascending order of the actual throughput S. In the
third radic resource allocating process in FIG.8, the
radio rescurce is allocated in an ascending order of
an absolute value |Sth-S|. In the fifth radio resource
allocating



t hroughput satisfies the follow ng conputation expression: S =1c/T. In
practice, the actual throughput is calculated as the nunber of patke¥Pf 2005
correctly received during a unit tine or the observation section T. The

| ower the throughput, the nore the comrunication quality degrades.
Accordingly, in FIGS5, when the actual throughput of the radio terminal or

conmmuni cation connection is |ower than the required throughput, the radio
term nal or communi cation connection does not satisfy the required quality.

In FIG6, the prigrdsy ;Qf rtherbadic@ear esQurLe dsodeter mingdiicn ey asgendi ng
order of the actual throughput. In ﬁlG.? throug@ FI G, 10, an absolute
di fference betiderPIHeeG8I PEd=Tt Rfrodgut %an ttheS hEF Al t hr oughput can be

applied as the difference lhetaveens4 henreguchedhgualeictyi randl 4hel iaet dal

communi cation qual ifyy o That ol fe10hen Bs S R A6 Lagul T edguality, s not
satisfied. In this case, Tn the second radio reso ce’'a | Bcati'ng process in
FIG 7, the Padicocdeesdukeenisiapl ecared s fox ddscemlihg ordernrsfe an  absol ute

val uel Sth-SI. I thes f ourthifadihewr 8sou=ce r aldocat i pgrpioegess in FIG 9, the
radio resource is allocated i (f scendi n ordgr of val uel Sth-SI/Sth. On
the other hand, when S>Stmlqté; eﬂ%ir%ﬁeqﬁgﬂPV9 g quQ%fﬁﬁﬂ? PRt he first
radi o resource aald oclad i agtuptodesdsvi niFeGD6,antsheshrawh ofvesoadde® i s al | ocat ed

in an ascendi fat al. t:hr uggg%g S ln.the hi adi
resource aIIocg%?ﬁéggé%%e%sgﬁﬁgébé.g,l?h%’ ra |d§}é§%ﬁégetpg 5%%%%%&%8 in an
ascendi ng 6P derd'oflian apsbrat 8 lyaraslist Kediay e fiFe ePadlgteesour ce

allocating | - ARRL005- 528 phecassliifFafladd bdthe=s@diper gsou=ge is

alTocated in ap pscending,ordgr of 4,43l ue | SIS/ S0, pen, and a
rate |D-Dth!|/Dth of the absolute value |D-Dth| of the
difference betwesen the actual delay time D and

15 allowable delay time Dth are shown in FIG.12.

Referring to FIG.1l2, delav time states in
the radio terminals B, C, D and G (rows without
shadows in FIG.13) show D > Dth. Thus, the
raspective required qualities are not satisfied.

20 Accordingly, by using the radio resource allocating
method of FIG.5, the radio resource is allocated to
the radio terminals B, C, D and G with higher
priority than the radio terminals A, E, F and H.
Also, by using the first radio resource allocating

25 method in FIG.6 for the unsatisfied radio terminals B,
C, D and G that do not satistfy the relative reguest
gqualities, the radio rescurce is allocated in the
descending order of the delay time [, that is, in an
order of the radic terminals C, B, G and D.

30 Alternatively, by using the second radic resource
allocating method in FIG.7 for the unsatisfied radio
terminals B, C, D and G, the radio resource 1is
allocated in the descending order of the absolute
value |[D-Dth| of difference bestween the actual delay

35 time D and the allowable delay time Dth, that is, in
an order of the radio terminals B, C, G and D. By

using the fourth radio resource allocating method in



In a case in which the required quality is the allowable delay tine or
t hroughput, a priority 5 order determ ning process for the radio r ol &5
allocation will now be described in details. In FIG 12, the all owabl e del ay
time Dth and the actual delay tinme D are shown for radio termnals A
through Hin a case in which the required, k0 quality is the allowabl e delay
time. The absolute value ;D-Dith; of a difference between the actual delay
time D and the allowable delay time Dth, and a rate D-Dthl/Dth of the

absol ute val ue d2 0f ht; of c fheundiffierrence hetweep-thenactual del ay 4i4qe D and
15 allowabl e delay tine Qth are shown .in FIG 12. Ref eralwngﬁto FT-G 12, del ay

tinme stases inCtHe'T aoiD ¢ ef AT RUFS B, °C,2 T U TS (FBws oGt ™ ows in
FI G 13) show Dorda:h.cfThuise tahe iDespeéctieh refjutiiedahualutices adne: not
satisfied. 20 ordin : [ i, o] e_al ati met hod of
FIG5, the radﬁ?%@o'u?%% Fgga ?Sg%tr%gl%t%%d%ﬁ%éggd?%gt%rghh%gl tgeg,%y , D and G
wi th hi gher® priigrd t§ abantbhe2tadive tler Maads ALME DEhangoHEDReAl so, by usi ng
the first radi aineseuwce aklogating 2ametihod: i ns FI Gi6afok ke wrsatisfied
radi o term nal SCIEB’ . C D[End G that dd not satisfy the relative request
qualities, the Tadid'Hesdurce i§ 4FFolated in the descending order of the
delay tinme D, that is, in &herorder ofdtberraducckerim nalloGtdl Gand D 30
Al ternatively, ' . S8C ;radi esour | | gcat, jzn thod in FIG7
for the unsati g??/ee_ﬁ%?%gg%égmgﬁgl? B,egfélef%é)lancci@ti et hg ?ggi g’?gtsf%ur ce is

al | ocated th t FéHescent? RCor §8r 281 e bsot viwnavai g FpIpehl  of

di fference bet weemithel act uahtdekay t3% tdame Ir and theial kewablhe 1delay tine
Dth, that is, in canocllgr of , the radio termnals usi ng
c
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gqualities {(rows with shadows in FIG.13). Byv using
the radio resource allocating method in FIG.6 for the

15 satisfied radio terminals A, E, F and H, the radio
resource is allocated in the descending order of the
actual delay time D, that is, in an order of the
satisfied radio terminals F, A, H and E. Also, by
using the third radio resource allocating method in

20 FIG.8, the radio resource 1is allocated in the
ascending order of the absolute valus |D-Dth|{ of the
difference between the actual delay time D and the
allowable delay time Dth, that is, in an order of the
radio terminals E, B, A and F. Alternatively, by

25 using the fifth radio resource allocating method in
FIG.10, the radio resocource is allocated in the
ascending order of the rate |D-Dthi{/Dth of the
absolute value |D-Dth| of the difference between the
actual delay time D and the allowable delay time Dth,

30 that is, in an order of the radio terminals H, E, A
and F.

Conseguently, when the radio resource
allocating methoed in FIG.5 1s used for all radio
terminals A through H, the radio resource is

35 allocated in an order of the radio terminals C, B, G,
D, F, A, H and E. When the second and third radio

resource allocating methods in FIG.7 and FIG.8, the



FIG9 for the unsatisfied radio terminals B, C, Dand G the radio resource
is allocated in the descending order of the rate D-Dthi/Dth of the -ah&oli0i e
value |ID-Dithl of the difference between the actual delay 5 tinme D and the
all owabl e delay tine Dth, to the allowable delay tinme Dih, that is, in an
order of the termnals D, B, Gand C. Wen the radio resource is al | ocat ed
to the unsatisfied radio terminals B, C, ‘D and G the 10 radio resource is
allocated to remaining radio termnals, that is, the satisfied radio

terminal's A E.d @nga%&hag 28t befy dhe d espect iyeqt pauir ed, qualities

(rows with shadows I n 3v _usi ng he radi o resource allocating
met hod in Fl G 6551 2hes 18, s§t| sfi &d rHadlEo terhithal s ANE FhandoMrtthe radio

resource is allgcatedrin t@&des&@awcr@@ @rldlefcﬁlﬁ@emaaﬁbuél idelrays te me D,
that is, in an or#i?%g]r sati fled radio termn H and E. Al so,
d

by using the tHi rEgburé 8 IF6Cat g met h%j(ajli ﬁa’é@dFllé 8" the radio
resource is>al laoched i nthheradsoendis ngn@md%rD ofBt he, absoHut & ,val wend D- Dt hl

of the differgncehetween.ife a@ﬁgaﬁrgskax IRy ) argd érbgpg@&' B\A'g%'ae del ay

time Dth, that i's, in an order of ralotermna H,
Al ternatively, By 250sPAGCLRE FFH Lreéehoé1 1 edéurtcé a” oc%@? n@‘ﬁ@@ﬁ@d in

FI'G 10, the radio f£8@m16@@hr5tablto¢:ate&alm d h@arﬁﬁﬁ@Dangaﬁl’ ger wfed he rate
ID-Dthl/Dth of the aba&_El te value.l D Dthl Ciregﬁgl fference bet ween t he

actual delay tit¥ O&n 8 5Pr8m1§l%lcgbéellay &’tn 236°EHar ST n an
order of thée radio tlkeeniaaky HinE, 1A q&m@@ui:ons?ewéml%h@\hehanhle raadi o

resource allocating-aethod:Lp ELG @e‘l%,rusﬁdwef ofralh.radho, termngls A
through the radio resource is 35 allocated in an order of the radig termnals

C, B, G D FPASHANE W The 8etsndYard tohird ¥t b2°F 8Sourde
al | ocat i ng net hodorarFeo72and ELGo8AattEheehe radio resource to the

terminal D, which the regquired delay time 1s intense

15 more than the terminal C, with higher priority.
Thersefore, it is preferable to consider not only the
actual delay time and but alsc the difference degree
between the actual communication quality and the
required guality.

20 On the other hand, in FIG.1l4, the required
throughput 5Sth and the actual fthrouput S for each of
the radio terminals A through H are shown in a case
in which the reguired guality is the throughput.
Also, the absolute value |5th-5| of the difference

25 between the reguired throughput Sth and the actual
throughput §, the rate |[5th-5|/5th of the absolute
value }5th-S| of the difference between the reguired
throughput Sth and the actual throughput S to the
required throughput Sth are shown in FIG.14.

30 Referring to FIG.l4, throughput states in
the radio terminals A, B, C, F and H (rows without
shadows in FIG.15) show S < Sth. Accordingly, by
using the radio resource allocating meitnod of FIG.5,
the radio resource 1s allocated to the radio

33 terminals A, B, C, ¥ and H with higher priority than
the radio terminals D, £ and G. Also, by using the

first radio resocurce allocating method in FIG.6 for



1 - APR 2005 -24 radio resource is allocated in an ord-r of the rad{ APR Tou
termnals B C G D, H E A and F. Wien the fourth and fifth rad '
resource allocating nethods in FIG9 and FIG 10, the radio resource is
allocated in an 5 order of the radio termnals Db B, G C, H E A and F.
Accordingly, the priority order is changed,based on a prioritizing
criterion. In FIG 12, for exanple, it is thought that the radio termnal C
can be used for the data comrurication, and thus, a requirenent 10 for the

dfel ?K ti m; I st gﬁf@r@xﬁ§afﬁ)@§f&€@t Qthero Vh\%éﬂ-n%@alaeﬂw gement = aind hed@teégy tltms
0 e radio termna s_in en the del a is _considered, i
is preferable t aﬁ?‘bc%f‘&%ﬁéf Fg‘cﬁ G G etoufcer r%u?ﬁé qtugﬁhtﬁﬁﬂs D, “Whi ch t he

required del ay tddec i sesntiense islslnorea tdanithenkernscraldiCg witdehigher
priority. Theref,or e??tﬁahstﬁéghgh%@f 40 copsi der nat iagnlox:dteh:e oActyal delay

and but also the difference et ween” fhe actual conmuni cati on quality
and the requi r%iﬁﬁat?ﬁvlnzésoﬁf:tﬁe ~herah@nll, ihlPPeasiveRe ré&guired

t hroughput Sth adhd h@n@cgaabnuhr@lam r%é@ur@@cal%catth@gr adithdermnals A
through H are sgIown_{1 casF3 in which the re?tured guallt is the

t hr oughout. Al so-°t he EIBEOFG e Va1 Sh-5 PhE-art f-&r é€e 25 between
the required tI‘li&Blgﬂ}Ddlin@thrdl&d tolfe @t uRbsothteughput $Sthhe Iraie

I SthSJ/Sth of dhe:absalut gc value ShSloof Lhe it grence dhaf veen the

-required _throughput d the act rou required
t hr oughput 18t h e 3hbwali AREPEIILLBE Retle? Fi h@ 1 6°FRG PAAhrVughput sates
in the radio tefdidatsrMinBlsCr F Pa,an {romg witheutusshgdews in FI G 15)

show S < Sth. cordl nglg b)é u5| na%t EheltradLo resog;l g aI I (%,Cﬁ.tld’lg et hod of
ated 10T

FIG5, +thera oresourcels €81°"¢ termnaIsA B, C F
and Hwith m(ﬂﬁgd¥ﬁ|g¢$@yrpﬁans allocated in the descending order

of the rate |Sth-Si{/Sth of the absolute value |Sth-S|
15 of the difference between the required throughput Sth
and the actual throughput S, to the reguired
throughput Sth, that is, in an order of the terminals
H, B, ¥, A and C.
When the radio resource is allocated to
20 the unsatisfied radio terminals A, B, C, F and H, the
radio resource is allocated to remaining radio
terminals, that is, the satisfied radio terminals D,
E and G that satisfy the respective regquired
gualities (rows with shadows in FIG.15). By using
25 the radio resource allocating method in FIG.6 for the
satisfied radio terminals D, E and G, the radio
resource 1s allocated in the ascending order of the
actual throughput S, that is, in an order of the
satisfied radio terminals D, E and G. A&lso, by using
30 the third radio resource allocating method in FIG.S,
the radio resource is allocated in the ascending
order of the absolute value |[Sth-S] of the difference
between the required throughput Sth and the actual
throughput S, that is, in an order of the radio
35 terminals E, D and G. Alternatively, by using the
fifth radio resource allocating method in FIG.10, the

radio resource is allocated in the ascending order of



the radio termnals D, 7- and G Also, by using the first radio resource
allocating nethod in FIG6 for | - APP, 2uu -25 the unsatisfied radiq
termnals A B, C F and Hthat do not satisfy the relative requekt APR 2005
qualities, the radio resource is allocated in the ascending order of the
actual throughput S, that is, in an order_cqug”the 5 radio termnals H C A B
and F. Alternatively, by wusing the second radio resource allocating nethod
in FIG7, the radio resource is allocated in the descending order of the

absol ute value 4;5th:Sl-0 StHLfsﬁ@rsecn@%betrveeggbw@ul&eqwaq% J@%p%f&h and
10 the actual thro&ﬂggg , that is, in _an order of io termnals F,

B, AL Hand C. BF fRBCSf QGRS adi e r%%%‘ﬂn%t’iﬁédaltlrﬁé’éjﬁwtrre?t%d in
FIG9, the radirdreseuaceuns allrecatadit rst hehdescendiing aor derdeofofhe rate

| Sth-SI/Sth of e olu al.ue I St h- Sl of the difference between the
required throu %kgutg%ﬁ Egﬁ% hé act%IUaI r%%ughput S, to the required

t hroughput Sth, that is, iFfamEardertoy, théletflertma]anasdiw rgsofFrcA and Wien

the radio resougppoéast@h&,Ofa@rte@dtqn 20 d he unsatigfirgd nadi o-dergnnals A B,
C, Fand H the radio resource is allocated to remaining radio termnals,

that is, the satjstted!fadi 6"FEFAINal's TS a6t RAEOSACESHY t he respective
requi red qual idlesc{teuwsini bh shacgows f ntid Gdd)o Byrudinag s 25 the xadio

resource all ocaé ng ngt hgdahgaﬁ ?C\ghggr the | c‘%‘rléfd:?&] &g?%gr Eg rII nals D, E

and G the radio resoufce s in the ascen o the actual
t hroughput 18, tfRto¥Bsce| alanceitdes &fetinds skt BfFed ﬂﬂdl & Ieerfvi ndle 0, E and

G Al'so, by usingi3 iheo&htéd 5adi10 SRS CE; ahh062bierg ofetthed 44uF4 G 8,
the radio resource js caéed in thg’a e_néji ng 8rdeﬁ of the absol ute val ue
| Sth-SI of the %‘?W’er‘e b&t wéen fth rz%w et throughptl SCA &7%tHe act ual
and fifth Ladlo resource allocating methods in FIG.9
and FIG.10, the radio rescurce is allocated in an
15 order of the radio terminals H, B, F, A, C, G, E and
D. Accordingly, similarly to the case in wnich the
required guality is the allowable delay time, the
prioritv order is changed based on a prioritizing
criterion.
20 In any one of the priority order
determining processes for the radio resource
allocation described above, each single frame or each
unit of several frames 1s processed. It 1s thought
that the shorter a process period, the better a
25 system feature. However, the priority order
determining processes become complicated. An optimal
process period may be determined in a system design
stage. It should be noted that a time reguired for
one frame 1s needed so that signals from all radio
30 terminals managed by the radio base station reach to
the radio base station. Thus, a time period for one
frame is reguired at the minimum.
In the conventional radio communication
system, since the communication guality is almost
35 evenly provided to each radio terminal or each
communication connection, only fairness between the

radio terminals or communilication connections was



throughput S, that is, in an order of the radio 35 term nals E, Daﬁ]qﬁﬁ i
Alternatively, by using the fifth radio resource allocating nmethod'i b
FIG 10, the radio resource is allocated in the ascending order of 1 - APR
2005 -26 the rate Sch-SI/Sth of the absolute value I1Sth-SI of the difference
between the required throughput Sth and the actual throughput 3, that is, in
an order of the -radio termnals G E and D. 5 Consequently, when the radio
resource allocating method in FIG6 is used for all radio termnals A

thr O!JQh H the £ 3di 034 £SQUI C8s i Sveal | @@t g i (@iH 0 desy pf t_he radi 0
terminals H C A B, F. DL E and & Wen the second and third radio 10

resource all océ%‘?”i‘ibu%(fﬁéagni AYEIE™ HHRFF e 8t he Fl5die rdsouice is

al l ocated i n amrsagdereof tbhearadify 4 etinf fatsn®, cByulrel, gGalE tD fand G Wien
the fourth and fifth_ radio_r rrce allo ' o] in El.G9 .and _ G 10,
the radio resoueracéeﬁi%a%??oégf@%%% :fnral. or d\lé{r@%ﬁ}gﬁegrggaiggttlgrnmlnrgl s H B,

F, A C G S3E andieD taAceordidgl v, ssiniieg |y Iro tthes casee i ntRAICEh atlige

required qualitysd s therat hawabbe delmavardif®ridhecoRhkekibysordert i s changed
based on a prioritizi n? criterion. 20 In any one of the priority order
det er ni ni ng pr ocEsTeR= FHr FEAB LA S SSBURERI A OR atF 8h LdéSSri BB above,

each single framlosr eachivalt ofr severnalidsates tsnpeocessed.hadt is thought

that the shorte Mg@gﬁgsrgam% e hel L‘Pﬂi@a%oﬁyﬁﬁgff‘iftg%tsu.re-anF)Wever’

the pri orltg order determ ni'ng processes becone conplicated. An opti nal

process period TR, beh et BYATREd iR £ SYStUMRUARSTYRT deageiord sHBW R be

noted that a tidme regubredyf eraeeneds ame: i sadesdedssarthatisiggad sod rom al |

radio 30 term nal s, nanaged hy the radi o base station reach to _the radio base
@}p% 8 ?Lty of each

station. Thus, % tTTe P Pgseshen the required qua

radio terminal or communication connection.
Therefore, it is possible to increase the number of

15 radio terminals or communication connections that
satisfy the relative required qualities.

The present invention is not limited to
the specificallv disclosed embodiments, variations
and modifications, and other variations and

20 modifications may be made without departing from the
scope of the present invention.

The present application is based on
Japanese Priority Application No.2000-302637 filed on
October 2, 2000, the entire contents of which are

25 hereby incorporated by reference.



frame is required at the mninum In the conventional radio connunlcgm
system since the comunication quality is alnmost 35 evenly prOV|de t‘0 "each
radio term nal or each comruni cati on connection, only fairness between the
radio term nals or conmunication connections was | - APR 20G -27 consi dered.
However, the :nultinmedia radio comunicatipon systemrepresented in FIG3, it
IS reqU|red to satisfy a different reqU|red quality for each radio term na
or communi cation connection in 5 order to provide a service. In this case,
there are radiyAmermg nal, sT@tpceamnuni cati on connections that intensely
require the conmunication qualities, and radio termnals or comunication
connection that generously require the comrunication qualities. In 10 such
this system in this enbodi nrent descri bed above, the priority order for the
radi o resource allocation is determ ned based on the required quality of
each radio termnal or communi cation connection. Therefore, it is possible
to increase3the number of 15 radio termnals or communication connections

that satisfy the relatlvejreqmpHa%gugﬂf5+e§llgbgtgﬁgsgggﬂdn@ggé@pcbs not
limted to the sgg%iflcall cl osed enbodj nents, variatiaons

nodi fi cations, @hd TtHer=va Fﬁ? 8n& “arkP BH ok F1 2t FORE Sky OB ddﬂe wi t hout
departing fromz#tadeio scapeunt chheéopr esenten nventh onn Faenppesent: Appl i cati on

S based on Japanese SLiofLty gRpldgahlando. erego?a%@%zom s 8L lreQ;t ober

2, 2000, the entire contents of which are I ncor porate
reference. 14 - 3aAPR Digprene opATURSCEtANERY S: 1By . Y5513 nE2hod

comprising the steps of:

(a) retrieving a first group including
radio terminals or communication connections in which

actual communication gqualities are degraded more than

-t
Ui

required communication qualities, and a second group
including radio terminals or communication
connections in which actual communication gualities
are favorable more than reguired communication
qualities; and .

20 {b) allocating the radio resource to the
radio terminals or communication connections in said
first group with higher priocority than the radio
terminals or communication connections in said second

group.
25

2. The method as claimed in claim 1,
30 further comprising the steps of:

(c) retrieving a third group including
radio terminals or communication connections that do
not have reguired communication gualities;

(d) allocating the radio resource to the

35 radio terminals or communication connections in said
third group when the radio resource is allocated to

the radio terminals or communication connections in



1. A nmethod for allocating radio resource to radio termnals or AP Tl
communi cation connections in a radio comunication systemin which E%éw of
said radio termnals or conmmunication connections requires 10 a different
communi cation quality, said method conprising the steps of: (a) retrieving a
first group including radio termnals or;%pnnunication connections in which.

actual comrunication qualities are degraded nore than 15 required
comuni cation. qualities, and a second group including radio term nals or

communi cation éé&@eﬁikQESGEBdM“éHhf%éi@Js&@HHHP?E@thQnQ%Qﬂ&'é%épare
favorabl e nore than requiréd communication qualifies; and . 20 (b)
allocating the rdi o resource to the radio terminals or communication
connections in said first group with higher priority than the radio
term nals or conmunication connections in said second group. 25 2. The
method as clainmed in claiml1, 30 further conprising the steps of: (c)
retrieving & third group including radio termnals or comrunication
connections that do not have required comrunication qualities; (d)
allocating the radio resource to the 35 radio_term nals aqr connunication

connections in said third grodf'SHiEh-tfe FadFo2FBSEurde G1&dt lbcated to the
radi o term nal svtog rebnmuat dakit@d cannectionstéfn dthe ARPRI20QZs2S sAithfir st

group and said ,seco oup in _said step T t s clained in
claiml1, mheréﬁﬁ?sgfﬁgétggrkfﬁég%ﬁ 8€%t6§“§€%??§8?8“r2?85%6%3%6%5rﬁL radio
termnals &P commmi EatrFongeonmecti oris dgrending order of sald actual

communication gualities, an descending order of

differences between said required communication

gqualities and said actual communication gualities, or

an descending order of deterioration degrees of the
i5 actual communication gualities to the reguired

communication gualities.

20
4, The method as claimed in claiml,

i

wherein sald step (b} allocates the radio resource to
the radio terminals or communication connections in
said second group in an ascending order of said

25 actual communication qualities, an ascending order of
differences between said required communication
gualities and said actual communication gualities, or
favorable degrees 0f the actual communication
gqualities to the required communication gualities.

30

35 5. The method as claimed in claim 1,
wherein saild reguired communication gualities are

communication gualities concerning allowable delay



10 said first group in an ascendi ng order of said actual connunlchlﬂmlUM
qualities, an descending order of differences between said required

comuni cation qualities and said actual conmunication qualities, or an
descendi ng order of deterioration degrees of the 15 actual conmmunication
qualities to the required comunication gyalities. 20 4. The nethod as
claimed in claim, wherein said step (b) allocates the radio resource to
the radio term nals or comuni cation connections in said second group in an

ascendi ng ordertigf=$ ajgrgﬁsggggabﬁuz4ﬂgg|td§stha@u@5§@@@|ng order of

di fferences between said required conmuni cation qualities and said actual
communi cation qualities, or favorable degrees of the actual comrunication
qualities to the required comrunication qualities. 30 35 5. The nethod as
claimed in claiml1l, wherein said required conmunication qualities are
comuni cation qualities concerning allowable delay 1 - APR 2005 -30 tines,
transni ssi op rates, or t hroughputs. 5 6. A radi o communi cati on apparatus for
al | ocating radio resource tp. radﬁmdfﬁrﬂdﬁ&§n@tat@eﬂﬁu@b%ﬁdﬁubcpﬂﬁections in
a radio COWWUHI%%FIO . Syste n_which each of ald radi. o Hernlnals or 10
conmuni cat i on ConnectTons 7 e U|r§§%§%ﬁ%7 rent® %%nﬁuﬁ|é3€ on°quality, said
radi o connunlcammmunam®a;QUUSO@@mmﬁkﬂnﬁ;111dlrsdﬂpetpmawmngqﬂﬂqnretrleV|ng

a first groupdnclyding yrdig L%%W‘Q%’%éXdCPQEHB'EQEhQHaLQ gannections in
whi ch actual conmunication qualities  are degraded nore than required

communi cat i Bn Qﬁ%ﬂqQ¥%%tl%ﬂdcap§§66ﬁﬁﬂﬁwﬁﬁﬁ?hﬁ?ﬁd?nﬁlﬁgéFﬁnt

communication gquality, said radioc communication
apparatus comprising:
a first retrieving part retrieving a first
group including radio terminals or communication
15 connections in wnich actual communication gqualities
are degraded more than reguired communication
qualities, and a second group including radio
terminals or communication connections in which
actual communication qualities are favorable more
20 than reguired communication qualities; and
a first allocating part allocating the
radic resource to the radio terminals or
communication connections in said first group with
higher priority than the radio terminals or

25 communication connections in sald second group.

30 7. The radio communication apparatus as
claimed in claim 6, further comprising:

a second retrieving part retrieving a
third group including radio terminals or
communication connections that do not have required

35 communication gualities;
a second allocating part allocating the

radio resource to the radio terminals or



termnals or conmuni cation connections in which actual comunication
gqualities are favorable nore 20 than required comunication qualitipsmp@ﬂEEa
first allocating part allocating the radio resource to the radio termnals
or conmuni cati on connections in said first group with higher priority than
the radio termnals or 25 comunication connections in said second group. 30
7. The radi o communi cation apparatus as clainmed in claim6, further
conprising: a second retrieving part retrieving a third group including

radi o tEFWIHNE%émmu§QBHH b%akbwhéaﬂﬂﬁﬁgl@msséb@ttQQraobrbﬁbewﬁﬂﬂﬂred 35
conmmuni cati on q:alltl a_second aIIocigkﬂg %gr% alhocat the radio
resource to the tadf o tRr ALRANS G F 2 o 31° onﬁﬁﬁl ation connections
in said third groupimhes otheomadino qegsiour cecnseatiooat éd e itdhe iradi o
termnals or co$gyg!c o] nnect I LESt u second
group by said first a %cgtl8 =% dé&“bf&%f%& %éiéa %gggoﬁﬁgggbzﬁfg%
apparatus a8 &Ffed in claln16 whereln said first allocating Dart

all ocates the radio resource to the radio term nals or conmunication
connections in said first group in an ascending order of said actual i5
comuni cation qualities, an descending order of differences between said
requi red comruni cation qualities and said actual conmunication qualities, or
an descendi ng order of deterioration degrees of the actual communication
qualities to the required 20 comuni cation qualities. 25 9. The radio
comuni cat 8n apparatus as 8 cl difedrdah | BPATE! L GREEEFn 28&F ¥54St2al | ocat i ng
part allocates dheitfi@di onr esource t e 1mdiHid first allocating

part allocates the radio resource to the radio
terminals or communication connections in said first

group in an ascending order of said actual

i
(@3]

communication qualities, an descending order of
differences between said reguired communication
qualities and said actual communication qualities, or
an descending crder otf detericration degrees of the
actual communication gualities to the reguired

20 communication gqualities.

25 8. The radio communication apparatus as
claimed in claim 6, wherein said first allocating
part allocates the radio resource to the radio
terminals or communication connecticons in said second
group in an ascending order of said actual

30 communication gqualities, an ascending order of
differences between said required communication
gualities and said actual communication qualities, or
favorable degrees of the actual communication
qualities to the required communication qualities.

35



termnals or conmunication connections in said second group in an ascendi ng
order of said actual 30 comunication qualities, an ascendi ng order pIAPRFME‘
di fferences between said required comunication qualities and said actua
comuni cation qualities, or favorable degrees of the actual conmmunication
qualities to the required comunication quadities. 35 1 - APR 20n5 -32 10.
The radi o comruni cation apparatus as clainmed in claim®6, wherein said
required 5 conmuni cation qualities are comuni cation qualities concerning
al l owabl e delay tinmes, transm ssion rates, or throughputs. 10 11. Aradio
comuni cati on system which allocates radio resource for a radio

comuni cation, said radio communication systemconprising a radio 15
comuni cati on appar atus and G adiTa ¢ erad val somwher ekl ieac lrofa saids r adi o

termnals conpriS6s.@ £§th5EH9593m%é¥%EﬁréQQdarQ&LE%%%ﬂt comuni cati on
quality to said radio comunication  systemfor each radio term nal or

conmuni cati on FOEOhherEEOR. TU4Rd & FER O RBHILAREAPFoRUEPpET Bt TS
conprises: a fid&atcseiih@vhiDyopabll o efdliLyi ignasfi tshns@iedadmctagk ag radi o
term nals or communi cation 25 connections in which actual communication
qualities are degrhd@d?#BFE>t han required communication qualities, and a
second group including radio termnals or comruni cation connections in which
actual communication qualities are favorable nore 30 than required

comruni cation qualities; and a first allocating part allocating the radio
resource t6%the radio terminals or

11. A radio communication system which
allocates radio resource for a radio communication,
said radio commnnication system comprising a radio

15 communication apparatus and radio terminals,
wherein each of said radio terminals
comprises a requiring part requiring a different
communication guality to said radio communication
system for sach radio terminal or communication
20 connection, and

said radio communication apparatus
comprises:

a first retrieving part retrieving a first
group including radio terminals or communication

25 connections in which actual communication qualities
are degraded more than reguired communication
gualities, and a second group including radio
terminals or communication connections in which
actual communication qualities are favorable more

30 than required communication qualities; and

a first allocating part allocating the
radio resource to the radio terminals or
communication connections in said first group with
higher priority than the radio terminals or

35 communication connections in said second group.



communi cati on connections in said first group wwth higher priority thig%&he
radio termnals or 35 communi cati on connections in said second groﬂ.lp.AFJ 2U
-33 12. The radio communi cation systemas 5 clainmed in claim11l, wherein said
radi o comuni cati on apparatus further conprises: a second retrieving part
retrieving a third group including radio{ermnals or comunication
connections that do not have required 13 conmunication qualities; a second
allocating part allocating the radio resource to the radio term nals or
comuni cati on connections in said third group when the radio resource is

all ocated to the radio 15 term nals or conmuni cation connections -'n said
first group and said second group by said first allocating part.

12. The radio communication system as
5 claimed in claim 11, wher=sin said radio communication
apparatus further comprises:

a second retrieving part retrieving a
third group including radio terminals or
communication connections that do not have reguired

10 communication qualities;

a second allocating part allocating the
radio resource to the radio terminals or
communication connections in said third group when
the radio resource 1is allocated to the radio

15 terminals or communication connections in said first
group and salild second group by said first allocating

part.



